313 Price Place, Suite 11
Madison, WI 53705
Office: 608.238.5000
info@mtjengineering.com

TeChn|Ca| MemO www.mtjengineering.com

TO: Project Team
FR:  Mark T. Johnson, PE (AZ) — MTJ Roundabout Engineering

RE: DRAFT Roundabout Analysis & Concept SKETCH Design Alternative Development
Fourth & Cedar/Lockett, City of Flagstaff, AZ

DT: December 14, 2020

Please find the attached summary memo of our Operational Analysis and Concept Design
Development for this intersection. This memo includes additional analysis and concept design layouts
to avoid/minimize residential impacts as requested during review meetings held on Nov. 23 and Dec.
7, 2020.

This memo provides a summary of this operational analysis and the concept designs we've developed
for project team review and discussion. This memo is organized as outlined below:
Outline:
1. Operational Analysis

A. 2019 Peak Hour Traffic Evaluation (Street Light and FMPO flipped)

B. Sketch Laneage Options Analyzed
C. Rodel operational output
D

. Analysis Summary
2. Concept Design Summary
3. Summary
Attachments:

e Appendix A: 11x17 Concept Design Exhibits — Gray Scale Alts: A-F
e Appendix B: 11x17 Design Exhibits — Colorized Alts: A, B, B1, B4, C, C4
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1. OPERATIONAL ANALYSIS

The operational analysis is a foundational element of roundabout performance, and was conducted
with the roundabout-specific analysis program Rodel (v.1.96). Rodel is well suited to provide an
understanding of the expected performance of this roundabout (please see Rodel summary attached).

Introduction

Operational performance is foundational, providing an understanding of laneage alternatives to meet
operational objectives. The operational analysis is used to inform selection of geometric design
alternatives that may be possible for a given project and the associated performance and impacts.

We have reviewed the provided Peak Hour turning J¥
movement counts for 2019 AM/PM/Off Peak for both the LOS | Signalized Intersectior§ Unsignalized Intersection

Street Light and FMPO flipped data. Please see A |<10sec <10 sec
discussion below. B | 10-20 sec 10-15 sec
We utilized higher flows of each set of data for our Rodel

C |20-35sec 15-25 sec
analysis. Additionally, we performed a sensitivity test D 35-55 sec 0535 sec
(constrained capacity), allowing for an understanding of E | 5580 sec 3550 set
potential sensitive entries that may fail prior to others for -

. F 280 sec 250 sec
a given layout.
The Peak Hour Traffic Data evaluated are shown below in Figure 1.
Fig. 1: 2019 AM/PM/MID Traffic
(Source: City of Flagstaff)
Fourth & Cedar/Lockett — Streetlight Fourth & Cedar/Lockett — 2019 FMPO Count

Flipped 180 deg
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A. 2019 Peak Hour Traffic
Evaluation
To ascertain a conservative
analysis we have identified the
highest flow for each movement
and each peak from the provided
traffic data (2019 Street Light and
2019 FMPO Flipped).

This new turning movement
diagram is shown to the right in
Figure 2 for 4-Leg configuration
and Figure 3 for Double
Roundabout configuration. For
our initial operational analysis
purposes we have developed two
primary layouts and they include:

e 4-lLeg Alternative

e Double Roundabout

Alternative.

The 4-Leg ties all legs into a
singular roundabout.

The Double Roundabout provides
two separate smaller 3-Leg
roundabouts at each intersection
with a short connection between
them.

One key analysis issue for the
Double Roundabout is providing
adequate capacity for the
connecting leg entries based on
available queue storage between
them.

Operational Analysis was
conducted on two scenarios for
each layout (4-Leg and Double).
The primary difference is the
evaluation of the NB entry with a
single lane and then with a two-
lane entry (LEFT ONLY and THRU).

Fig. 2: 4-Leg Roundabout 2019 highest flows from each set of
traffic data

Fig. 3: Double Roundabout 2019 highest flows

Flagstaff, AZ — Fourth & Cedar/Lockett




B. Sketch Laneage Options Analyzed
Four-Leg Roundabout Analysis includes two laneage scenarios:
1) Single-Lane Entries for all entries with
0 Yield RT Lane for EB entry
2) Single-Lane Entries for all entries with
o Yield RT Lane for EB entry
0 Added Two-Lane NB entry

Double Roundabouts Analysis includes two laneage scenarios:

1) South roundabout
0 SBentryincludes a Yield Right Lane
0 EB entry includes a Yield Right Lane (YRTL)
North roundabout
o0 Single Lane Entries
2) South roundabout
o Jwo NB Entry Lanes

North roundabout

0 NB entry includes a Yield Right Lane

Four-Leg Roundabout - Single NB Lane Double Roundabouts - Single NB Lane

Four-Leg Roundabout - Two NB Entry Lanes Double Roundabouts — Two NB Entry Lanes
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C. Rodel Operational Output

2019: 4 Leg Roundabout - Single NB Entry Lane

2019 Single Lane Roundabout AM

| I

2019 AM Sensitivity Testing 85% CL (~10% Reduced Capacity)

Peak 15min Bypass Flow Rate {veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max @ (veh) Wax Q95% (veh) LOS A-F
Results Type Entry | Bypass | Entry | Bypass | Entry ‘ Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Enty | Bypass |Entry| Byp | Leg
| 1|sB Mone 401 930 478 0.8387 28.93 2893 3.80 6.29 o] o]
| 2 |EB Yield 337 488 435 435 720 G671 0.4678 07158 §.36 15.09 12.27 0.83 216 215 5.36 A C B
| 3 |NB Mone 876 368 868 1.0097 43.07 43.07 14.37 29.69 E E
| 4 |wB Mone G55 701 617 1.0621 G5.86 68.86 15.22 36.84 F F
All | Intersection 38.13 E
4 Results 60 4 Results 15 ‘*} Int / Slope - 60 j 4 Int / Slope - 15] 4 Economics | @ Global Results
.
2019 Single Lane Roundabout PM
Peak 15min Bypass Flow Rate (veh/hr)| Opp Rate {veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secieh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass |Eniry| Byp | Leg
|1|sB None 164 929 G78 0.2426 6.31 6.31 0.31 0.81 A A
|2 |EB Yield 520 561 300 300 985 940 | 05278 0.6070 6.77 8.51 7.67 1.06 1.44 271 366 A A A
|3 |NB None 81 532 911 0.5906 20.39 20.39 5.68 13.05 c c
i wB None 512 638 248 0.6040 8.99 8.99 1.42 360 A A
All | Intersection 11.86 B
<4 Results 60 <4 Results 15 |¢- Int / Slope - Sl]] < Int / Slope - 15| $ Ecnnnmics] @ Global Results
-
2019 PM 85% CL (~10% Reduced Capacity)
Peak15min | Bypass | Flow Rate (ven/hr) | Opp Rate (veh/hr) | Capacity (venvhr) Ave VCR Ave Del (seciveh) MaxQ(veh) | MaxQ95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry ‘ Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
L 3B Mone 164 906 490 0.3356 971 971 0.49 127 A A
2 |EB Yield 520 561 299 209 787 738 | 06608 0.7846 11.09 16.50 13.90 1.78 2.93 4,46 714 B c B
|3 |NB Mone 811 531 782 1.0370 49.79 49.79 16.58 33.79 E E
14 |wB Mone 512 612 G52 07736 17.42 17.42 291 7.09 c C
All | Intersection 25.66 D

<4 Results 60 < Results 15 |¢- Int / Slope - 60 ] < Int / Slope - 15] $ Emnomics] @ Global Reaults]

Notes: Critical Hr is AM, NB LOS E, WB LOS F, SB LOS D as single lanes, to provide more capacity an aux.

NB LT lane can be added, LEFT ONLY, THRU-RIGHT.
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2019: 4 Leg Roundabout - Two NB Entry Lanes

2019

AM

L]

2019 AM 85% CL (~10% Reduced Capacity)

Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate {veh/hr) | Capacity {veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) ax Q85% (veh) LOSAF
Results Type Entry | Bypass | Entry ‘ Bypass Entry | Bypass Entry | Bypass Entry | Bypass Leg Entry | Bypass Entry | Bypass Enlry| Byp | Leg
1|5B Mone 401 975 457 0.8785 33.59 33.59 477 11.14 D D
i EB Yield 337 466 441 441 717 669 | 04696 07189 841 15.22 12.36 0.84 219 217 544 A C B
| 3 |NB Mone 876 368 1463 0.5989 9.34 9.34 246 6.06 A A
| 4 |wB MNone 655 725 707 0.9266 3047 3047 6.97 15.64 D ]
All | Infersection 18.85 C
-4 Results 60 <= Results 15 |+ Int / Slope - 50] 4 Int / Slope - 15 I 4% Economics | @ Global Results
2019 PM 85% CL (~10% Reduced Capacity)
Peak 15min Bypass | Flow Rate (vehinr) | Opp Rate (vehinr) | Capaciy (vehinr) Ave VCR Ave Del (secieh) Max Q (veh) Max Q95% (veh) LOSA-F
Results Type Entry | Bypass | Eniry | Bypass Entry ‘ Bypass | Entry | Bypass | Eniry | Bypass Leg Entry | Bypass Entry | Bypass [Entry| Byp | Leg
|1|sB None 164 932 477 0.2445 10.02 10.02 0.50 1.31 B B
i EB Yield 520 561 300 300 Tev T38| 06611 0.7850 11.10 16.53 13.92 178 294 4.48 7.15 B C B
i NB Mone 81 53 1307 0.6205 11.23 11.23 282 6.88 B B
iWEI Mone 512 643 [T 0.6947 1272 1272 2.04 5.09 B B
All| Intersection 12.58 B

4 Results 60 4 Results 15 |+ Int / Slope - 50] - Int / Slope - 15] % Economics | @ Global Results
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2019 Double Roundabout with Single NB Entry Lane
North Roundabout AM

Peak 15min Bypass Flow Rate {veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q95% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
11]sB Mone 410 618 786 0.5214 g.24 8.24 1.03 2.64 A A
12 |NB Mone 806 33 01 0.7317 9.79 9.79 244 6.01 A A
13 |wB Mone 670 352 929 0.7208 11.02 11.02 2.3 571 B B
All | Intersection 9.89 )
4 Results 60 < Results 15 |+ Int / Slope - 50] 4 Int / Slope - 15] $ Economics | @ Global Results
2019 AM 85% CL
Peak 15min Bypass Flow Rate {veh/hr} | Opp Rate {veh'/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q85% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
| 1|8 Mone 410 608 593 0.6915 15.28 15.29 2.01 5.00 c c
i NB Mone 2086 33 a0z 0.8931 21.36 21.36 579 13.26 C C
3 |wB Mone 670 348 732 0.9148 27.37 27.37 6.46 1462 D D
All | Intersection 2218 C
4 Results 60 <4 Results 15 |+ Int / Slope - 60 I < Int / Slope - 15] $ Econom\csl @ Global Results
Notes: AM Peak WB entry shows some sensitivity.
North Roundabout PM
2019 PM 85% CL
Peak 15min Bypass Flow Rate {veh/hr) | Opp Rate {vehthr) | Capacity (vehihr) Ave VCR Ave Del (secheh) Max Q (veh) Max 095% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
1|58 Mone 164 502 606 0.2715 7.09 7.09 0.35 0.90 A A
| 2 |NB Mone 909 13 861 1.0556 46.43 46.43| 16.52 3368 E E
3 |we Mone 512 215 786 06777 1.21 1.21 176 4.41 B B
All | Intersection 30.97 D
<% Results 60 4 Results 15 |+ Int / Slope - 60 I <4 Int / Slope - 15] $ Ecunomics] @ Global Results]

Notes: Pm peak NB entry is critical entry. This connection leg to south roundabout has Q storage
available of ~3 veh. Analysis shows more capacity necessary for this entry to reduce Queueing.
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South Roundabout AM

2019 AM

2019 AM 85% CL

Peak 15min Bypass | Flow Rate (vehihr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secieh) Max Q (veh) Max Q95% (veh) LOS A-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Eniry | Bypass| Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
|1|sB Yield 429 569 320 320 649 707 | 0.6610 08372 1354 20.45 17.48 178 2.68 443 a.80 B c c
2 |EB Yield 344 477 427 427 631 655 | 0.4984 0.7506 9.01 16.51 13.37 0.94 249 241 6.13 A C B
| 3 |NB Naone 896 343 736 1.2170 144.95 144.95 5453 106.37 F F
All | Intersection 58.20 F
< Results 60 4 Results 15 |+ Int / Slope - GUJ 4 Int / Slope - 15] 4% Economics | @ Global Results
South Roundabout PM
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity {veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q95% (veh) LOS AF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass [ Entry | Bypass |Entry| Byp | Leg
| 1|3B Yield 288 367 412 412 848 807 | 0.3395 04094 5.58 618 501 0.47 0.67 1.24 174 A A A
| 2 |EB Yield 520 561 287 287 906 802 | 05738 06337 7.55 9.37 2.49 118 1.60 .02 403 A A A
| 3 INB MNone 819 519 786 1.0420 4234 4234 1381 28.64 E E
All| Intersection 18.68 C
<% Results 60 < Results 15 |¢' Int / Slope - 60] < Int / Slope - 15J % Economics | € Global Results
2019 PM 85% CL
Peak 15min | Bypass | Flow Rate (veh/nr) | Opp Rate (vehvhr) | Capacity (veh/nr) Ave VCR Ave Del (seciveh) MaxQ (veh) | MaxQa5% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Enty | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
1|58 Yield 288 367 317 317 709 763 | 04057 04894 7.38 843 797 0.62 0.91 1.61 234 A A A
2 |EB Yield 520 561 287 287 700 G687 | 0.7432 08503 14.08 2145 17.89 229 RN 5.67 9.30 B C C
3 |NB Mone 819 517 599 1.3666 226.54 226.54 75.44 14710 F F
All | Intersection 62.24 F
< Results 60 <4 Results 15 |+ Int / Slope - 60 J 4 Int / Slope - 15] .5 Economlcs] @ Global Results]

Notes: Critical analysis and Entry is the NB morning am peak... To provide more capacity an aux. LT lane
can be added, LEFT ONLY, THRU-RIGHT. See Alt C1
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2019 Double Roundabout with Two NB Entry Lanes
South Roundabout

Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity {veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max ©95% (veh) LOSAF
Results Type Entry | Bypass | Enitry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Lea
| 1|3B Yield 429 569 389 389 917 953 | 0.4679 0.6071 G.52 8.38 7.58 0.84 145 216 367 A A A
| 2 |EB Yield 344 477 428 423 289 258 | 0.3873 05654 593 8.50 742 0.61 1.22 157 a1z A A A
i NB Naone 896 344 1597 0.5609 7.84 T.84 212 527 A A
All | Intersection 762 A
% Results 60 < Results 15 |+ Int / Slope - 50] < Int / Slope - 15 J % Economics | @ Global Results
2019 AM 85% CL
South Roundabout
2019 PM 85% CL
Peak 15min Bypass | Flow Rate (vehihr) | Opp Rate (veh/hr) | Capaciy (veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q95% (veh) LOS A-F
Results Type Entry | Bypass | Entry | Bypass| Entry | Bypass | Entry | Bypass | Entry | Bypass| Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
| 1(sB Yield 288 367 430 430 650 700 | 0.4427 05343 g.32 9.70 9.09 072 1.08 1.86 278 A A A
2 |EB Yield 520 561 287 287 700 687 | 0.7430 0.8501 14.05 2142 17.88 229 X:0 5.67 9.30 B c C
| 3 |NB Mone 219 517 1140 0.7183 14.94 14.94 a8 923 B B
All| Intersection 14.68 B

4 Results 60 <4 Results 15 |+ Int / Slope - 50] <4 Int / Slope - 15] $ Economics | @ Global Results
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North Roundabout

Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (vehi/hr) | Capacity (veh/hr) AveVCR Ave Del (secheh) Max @ (veh) Wax Q85% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Enty | Bypass |Entry| Byp | Leg
11|58 Maone 410 620 786 0.5219 8.26 8.26 1.03 2.64 A A
2 |NB Yield 354 452 33 34 1101 1069 | 03220 04279 442 5.45 5.00 0.46 073 1.20 1.88 A A A
|3 |wB Mone 670 353 929 07213 11.04 11.04 2.3 572 B B
All | Intersection 7.85 A
4 Results 60 <4 Results 15 |+ Int / Slope - EU] 4 Int / Slope - 15] $ Economics | @ Global Results
2019 AM 85% CL
Peak 15min Bypass Flow Rate (vehihr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max @ (veh) Max ©195% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Enty | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Lea
| 1|sB Maone 410 610 592 0.6926 15.35 15.35 2.02 5.03 c c
i MB Yield 354 452 33 34 902 866 | 0.3929 05307 5.95 T7.97 7.08 0.62 1.07 1.61 278 A A A
|3 |wB Mone 670 353 T4G 0.8978 2498 2495 5.78 13.24 c c
All [ Intersection 1524 c
< Results 60 <4 Results 15 |¢- Int / Slope - S[]] < Int / Slope - 15] $ Economics | € Global Results
North Roundabout
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate {(veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secieh) Max Q (veh) Max ©95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
|1|sB Maone 164 503 793 0.2074 5.08 5.06 0.24 0.64 A )
|2 |NB Yield 227 682 13 13 1049 1049 | 02161 06617 392 8.74 7.54 0.26 1.81 0.68 453 A A A
i WB Mone 512 227 954 0.5371 6.73 6.73 1.03 2.64 A )
All | Intersection 7.02 A

4 Results 60 < Results 15 |¢ Int / Slope - EU] <4 Int / Slope - 15] $ Economics | € Global Results

2019 PM 85% CL

Flagstaff, AZ — Fourth & Cedar/Lockett

10




D. Analysis Results Summary

4-Leg Roundabout:
e Sensitivity testing with 2019 flows shows both the NB and WB entries LOS degrade more rapidly
as single-lane entries.
e NB entry sensitivity is addressed with the addition of a NB LT Only Lane, resulting in a two-lane
NB entry. This will conform to the existing two-lane NB lanes.

0 The directional distribution for NB movements is close to 50/50 for LT and THRU-Rights;
therefore, adding the LT Only lane substantially improves capacity for this entry as both
lanes are equally utilized.

e WB Entry:

0 With the addition of the NB LT Only Lane the WB entry capacity is also increased due to
the addition of two circulating lanes past the WB entry.

0 While additional capacity for the WB entry could be achieved with application of a Flared
Two-Lane Entry (THRU-RIGHT and THRU-LEFT), this addls substantial complexity to the
design which would require additional design space to address.

Double Roundabouts:

¢ NB entry shows sensitivity as a single-lane entry, which is addressed with inclusion of two NB
entry lanes (LEFT ONLY, THRU).

e WB entry sensitivity is reduced with the two-roundabout application as the NB left turn flows
(circulating/opposing) are removed from the WB entry of north roundabout; therefore, increasing
capacity for the WB entry.

e Available queue storage between the two closely spaced roundabouts is ~3 vehicles. Providing
the YRTLs for the connecting entries provides satisfactory queue storage.

TRAFFIC GROWTH SENSITIVITY ANALYSIS SUMMARY

To ascertain the potential for available traffic growth for each roundabout application, we have analyzed
both layout scenarios with two NB entry lanes. With this laneage layout we have grown traffic by 5%
increments to understand at what point the roundabouts begin to break down.

Analysis shows each design layout begins to degrade for critical entries with 25% growth for the SB &
WB movement and 30% traffic growth for the EB and NB movements. Analysis output with this growth
scenario is shown below for each layout (4-Leg, Double). The Double Roundabout provides slightly
improved LOS as compared to the 4-Leg layout. However, it is noted that queue storage between the
two closely spaced roundabouts will need closer evaluation.
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4-Leg Roundabout
25% Growth SB and WB, 30% Growth EB and NB

Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) o
Leg Name S Truck Factor | | U-Turn | Exit-3 \ Exit-2 | Exit-1 | Bypass Ratio1 | Ratio2 | Ratio3 | Time1 | Time2 | Time3
| 1]sB 20 125 0 30 230 108 0 0.920
i EB 20 1.30 0 66 244 o 429 0.920
| 3 |NB 20 1.30 0 351 252 203 0 0.920
|4 |WB 20 125 ] 156 403 44 0 0.920
D Calibration | D Accidents | D Economics | D Bypass | 1 message Run
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate {(veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q195% (veh) LOS A-F
Resuits Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Eniry | Bypass | Eniry | Bypass Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
1 1|sB Mone 501 1226 533 0.9415 3812 3812 719 16.07 E E
i EB Yield 438 606 545 545 866 820 | 0.5081 0.7597 7.45 14.16 11.35 0.97 2.67 250 6.55 A B B
| 3 |NB Mone 1139 476 1558 0.7309 1211 1211 4.27 10.08 B B
| 4 |wB Mone g18 941 828 0.9898 3801 38.01 1.79 24.88 E E
All | Intersection 21.66 C
I I I I I
Yolume Modifiers Turning Yolumes {veh/hr) Arrival Velume Ratios Arrival Volume Times {min) o
Leg Mame 9% Truck Factor | | U-Turn | Exit-2 | Exit-2 \ Exit-1 | Bypass Ratio1 \ Ratio2 | Ratio? | Time1 | Time2 | Time3
1]sB 2.0 125 0 12 105 )| 0 0.900
| 2 |EB 2.0 1.30 0 67 401 ] 505 0.900
| 3 |NB 2.0 1.30 0 390 124 216 0 0.900
4 |wB 20 125 0 154 299 8 0 0.900
D Calibration | D Accidents | D Economics | D Bupass | 2 messages Run
Peak 15min Bypass Flow Rate (vehihr) | Opp Rate (veh/hr) | Capacity {veh/hr) Ave VCR Ave Del (secieh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1(sB Mone 208 1184 553 0.3715 8.97 8.97 0.57 148 A A
|2 |[EB Yield 676 729 375 375 948 604 | 07124 0.8317 10.56 16.11 13.44 223 3.80 552 9.06 B C B
| 3 [NB Mone 1054 690 1355 0.7783 16.16 16.16 557 12.80 c c
14 |wB Mone G40 832 867 0.7382 12.23 12.23 2.49 G.14 B B
All| Intersection 13.80 B
Double Roundabout
25% Growth SB and WB, 30% Growth EB and NB
North Roundabout AM
Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) o
Leg Mame % Truck Factor | | | utum | Edit2 | Exdit1 |Bypass Ratio1 | Ratio2 | Ratiod | Time1 | Time2 [ Time3
| 1|sB 2.0 1.25 0 30 338 0 0.900
| 2 [NB 20 1.30 0 318 1 407 0.900
(3 |ws 2.0 125 0 559 44 o} 0.900
D Calibration | D Accidents | D Economics | D Bypass | Bun
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (vehihr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) ax Q195% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass| Leg Entry | Bypass | Entry | Bypass [Entry| Byp | Leg
|1(sB Mone 513 755 713 0.7189 13.78 1378 228 5.65 B B
| 2 |NB Yield 461 588 41 43 1097 1064 | 0.4202 0.5602 51 6.91 G.12 0.59 1.21 1.80 3.09 A A A
i WB Maone 838 459 872 0.9604 3013 3013 9.34 2025 D D
All| Intersection 16.14 C

Flagstaff, AZ — Fourth & Cedar/Lockett

12




North Roundabout PM

Volume Modifiers Turnlng Volumes (venmr} Arrival Volume Ratios Arrival Volume Times (mln)
Leg Name 9% Truck Factor | | | utum | Ext2 | Edt1 [Bypass | | Rato1 | Ratio2 | Ratio3 | Timet | Time2 [ Time3 PHE
1]sB 20 125 0 12 136 0 0.900
B 20 130 0 204 o| 614 0.900
(3 |we 20 125 0 453 8 0 0.900

D Calibration | D Accidents | D E conamics | D Bypass |

Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate {veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secieh) Max Q (veh) Max Q95% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1|3B MNone 208 628 a1 0.2632 5.67 5.67 0.34 0.90 A A
i NB Yield 295 887 17 17 1110 1079 | 0.2655 0.8458 4.08 14.80 1213 0.35 420 0.92 9.94 A B B
i WB Mone 640 285 960 06667 930 930 183 458 A A
All| Intersection 10.58 B

South Roundabout AM
Volume Maodifiers Turning Volumes (vehihr) Arrival Volume Ratios Arrival Volume Times (min) PLE
Leg Name %% Truck Factar | | \ U-Turn | Exit-2 | Exit1 | Bypass Ratia1 | Ratia2 | Ratio3 | Time1 \ Time2 | Time3
L 5B 20 125 0 386 ] 512 0.920
i EB 20 1.30 0 310 ] 429 0.920
i MB 20 1.30 v] 351 455 ] 0.920
D Calibration | D Accidents | D Economics | D Bypass | 2 messages
Peak 15min Bypass Flow Rate {(veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q95% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Enty | Bypass | Entry | Bypass Entry| Byp | Leg
L SB Yield 524 GO6 493 493 784 836 | 0.6690 0.8625 11.45 19.33 15.84 184 435 4.61 10.26 B C C
i EB Yield 438 GO6 522 522 839 807 | 05221 07731 7.88 14.89 11.95 1.03 282 2.64 G.89 A B B
i MB Mone 1139 437 1503 0.7578 13.85 13.55 483 11.26 B B
All| Intersection 13.92 B
South Roundabout PM
Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) s
Leg Name % Truck Factor | | | U-Turn | Exit-2 | Exit1 | Bypass Ratio1 | Ratio2 | Ratio3 | Time1 | Time2 | Time3
| 1]s8B 2.0 125 0 259 0 330 0.900
2 |EB 20 1.30 0 48 0 505 0.900
| 3 |NB 20 1.30 0 390 347 0 0.900
D Calibration | D Accidents | D E conomics | D Bupass | 3 meszages Run
Peak 15min Bypass Flow Rate (vehihr) | Opp Rate (veh/hr) | Capacity {vehihr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry ‘ Bypass Entry| Byp | Leg
|1|sB Yield 360 458 555 555 846 876 | 0.4250 05313 6.55 7T 7.23 071 1.08 1.83 277 A A A
i EB Yield 676 728 elate] 359 927 805 | 07296 084N 11.33 1677 14.15 240 397 5.92 9.43 B C B
i MB Mone 1065 672 1265 0.8413 21.35 21.35 7.72 17.11 c c
All| Intersection 14.76 B
I I I I I
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4-Leg Roundabout:

2019 + 25% Growth SB and WB, 30% Growth EB and NB

Leg Del sec LOS (am/pm)
(am/pm)
SB (N Fourth St) \ 38/9 E/A
EB (E Cedar Ave) \ 11/13 B/B
NB (N Fourth St) \ 12 /16 B/C
WB (E Lockett Rd) \ 38/12 E/B

Double Roundabout:
2019 + 25% Growth SB and WB, 30% Growth EB and NB

North 3-Leg Roundabout

Leg Del sec LOS (am/pm)
(amy/pm)
SB (N Fourth St) \ 14/6 B/A
NB (N Fourth St) 6/12 A/B
WB (E Lockett Rd) 30/9 D/A

South 3-Leg Roundabout

Leg Del sec LOS (am/pm)
(amypm)
SB (N FourthSt) | 16/7 C/A
NB (N Fourth St) | 12/ 14 B/B
WB (E Lockett Ra) | 14/ 21 B/C

Analysis Summary
The operational analysis shows that two NB lanes are necessary to meet operational objectives for either
the 4-Leg or Double Roundabout alternatives.

The Double Roundabout layout requires a Yield RT Lane between each roundabout to address queuing
between the closely spaced double roundabouts.

2. CONCEPT DESIGN SUMMARY - Primary Roundabout Layout Options Evaluated (see Fig. 3
below)

Design Layouts:

To ascertain viable layout alternatives that minimize adverse impacts to surrounding parcels we have
developed several iterations for both the 4-Leg and the Double layout alternatives and these are
summarized below, shown in Figure 3, and attached in the appendix B as full exhibits.
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4-LEG ALTERNATIVES
e Alt A-170’ Circular ICD:
o0 Single-Lane Entries for all entries with Yield RT Lane (YRTL) for west leg (EB entry)
o Description:
= Impacts two residential properties along E. Lockett Rd.
e AItB-190" x 160’ Non Circular ICD: Auxiliary NB Left Turn Lane
0 Single-Lane Entries for all entries with Yield RT Lane for west leg (EB entry).
o Description:
» Impacts one residential property along E. Lockett Rd.
= Reduces impacts to the S-W quadrant
e AItB1l-180" x 160’ Non Circular ICD: Auxiliary NB Yield Right Lane
o0 Single-Lane Entries for all entries with Yield RT Lane for west leg (EB entry)
o Description:
= Alt Cis similar to Alt B but it is shifted east
= Reduces impacts to both NW and the SW quadrant
= Impacts one residential property along E. Lockett Rd.
e AItB4-176" x 138’ No Residential Structure Impacts
0 Yield RT Lane for west leg (EB entry).
0 Two-Lane NB Entry

o Description:
= Alt B-1 strives to minimize adverse impacts to residential property along E. Lockett Rd.

DOUBLE ROUNDABOUT ALTERNATIVES

e Alt C-Two Closely Spaced ‘Compact’ Roundabouts:
0 South roundabout
= EB entry includes a Yield Right Lane (YRTL)
= SB entry includes a Yield Right Lane to accommodate the higher flows for that entry in
this layout configuration
o Description:
» Impacts residential property along North Leg of N. Fourth St.
= Reduced overall impacts
e Alt C-4 - Two Closely Spaced ‘Compact’ Roundabouts:
0 South roundabout
= EB entry includes a Yield Right Turn Lane (YRTL)
= SB entry includes YRTL
= NB entry includes two entry lanes
o North roundabout
= Includes a fully mountable central island (aka mini-roundabout)
= NB entry includes a Yield Right Turn Lane

0 Description:
= Strives to minimize adverse impacts to residential properties
= Reduces impacts to west side of northern roundabout
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Fig. 3

Alternatives B3 and C4 both strive to avoid impacts to residential structures and are shown below.

Alt A: 170’ Circular ICD 2 Residential Impacts

Alt B: 190" x 160" Non-Circular ICD 1 Residential Impact

Alt B-3 Two NB Lanes: No Residential Impacts
178’ x 140" Non-Circular ICD

Alt. B-4 Two NB Lanes: 1 Residential Impact
178’ x 140’ Non-Circular ICD

Alt C Double Roundabout: 1 Residential Impacts
South 100’ x 90’ Non-Circular ICD, North 90’ ICD

Alt C-4: Double Roundabout - No Residential Impacts
South 100’ x 90’ ICD, North 100’ x 80° ICD

Flagstaff, AZ — Fourth & Cedar/Lockett
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Additional Alternatives Developed:

AltD

Alt D leaves N. Fourth Street as a Side Street stop-controlled condition. This configuration will require
operational analysis to determine its feasibility. The % access configuration at N. Fourth St. requires the
minor SB Left from N. Fourth St. to make a RT and utilize the U-Turn capability at the roundabout to go
east on E. Lockett Rd.

Alt E

Alt E is a variation of the previous Double roundabout layout but T's N. Fourth Street into E. Lockett.
This layout creates challenges to meet safety design principles such as speed control for one or more
movements. This may be mitigated with other design features such as raised pedestrian crossings.
Therefore, the benefits of this layout do not appear favorable as a viable alternative. If City desires to
pursue this further for feasibility, this layout will require additional design work.

AltD Alt E

Please see attached 11 x 17 exhibits for Alts A, B, C, D, E.
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3. Summary
Operational Analysis

Traffic Flows: To ascertain a conservative 2019 condition we combined the highest flows for each
movement from both sets of provided 2019 traffic data (Streetlight and FMPO adjusted).

The operational analysis results indicate that two NB lanes are necessary to meet operational objectives for
both the Double and 4-leg layouts. Two NB lanes utilize the existing 2-lane approach lanes of the south leg
Fourth St., with the NB lane #1 assigned as a LEFT ONLY lane, and lane #2 as a Thru-Right lane for both
layouts.

The updated analysis with highest flows from each set of traffic also indicates that the Double Roundabout
layout requires Yield Right Turn Lane for each direction of the connecting leg to ensure minimal queuing
between the two roundabouts. This is a key consideration for closely spaced roundabouts. This updated
analysis with highest flows from each set of data shows that initial Alternative layouts with single NB entry
lane do not meet operational objectives.

Future Traffic Growth

To ascertain the potential for available traffic growth accommodation for each viable roundabout
application (4 Leg and Double) we conducted sensitivity testing for each scenario. We utilized 5% traffic
growth increments to understand at what growth rate the roundabouts begin to break down.

Sensitivity testing analysis shows each design layout begins to degrade for critical entries at 25% growth
for the SB & WB movements and 30% growth for the EB & NB movements. It noted that once growth
rates are developed (by others) based on regional modeling this future analysis can be updated to
reflect differing future growth rates as deemed necessary.

Concept Designs

The existing roadway alignments, cross sections, existing constraints and operational analysis inform the
design layouts we've developed. Based on the context of this application we have developed two primary
layout alternatives: 4-Leg and Double Roundabout. Both of these layouts are developed for evaluation to
ascertain viable alternatives that strive to minimize adverse impacts to surrounding parcels, meet
operational objectives, and adhere to foundational safety principles for all modes.

For both of the primary 4-Leg and Double layouts we developed a number of concept iterations aimed at
exploring for best fit and adherence to design safety principles, including large truck accommodations.
Both layouts accommodate WB-62 for all movements.

The three most viable alternatives are shown below with a brief summary of each. All Alternatives
developed are included in the appendices.
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Alt B-3:
The residential structure in the east quadrant is a
significant design constraint for the 4-Leg layout.

This constraint makes achieving all design
principles more challenging with the geometrics of
the east leg necessary to avoid the residential
structure impact. In particular, the safety principle
of striving to achieve as close to 90 degree angles
as possible between legs and design
accommodations for large trucks (WB-62) is
somewhat diminished.

Alt B-4:

This concept is similar to B3 but realigns the east
leg and impacts the residential structure in the east
quadrant. By opening up this design space for the
east leg the east leg alignment improves the angle
between legs and improves large truck
accommodations as compared to B3.

Alt C-4:

C4 builds on earlier versions of the Double
Roundabout concept and has been further
developed to a higher level of design refinement to
understand its potential for best fit for the
intersection and to avoid adverse impacts.

C4 avoids impacts to residential structures and
strives to minimize other adverse impacts. The
north roundabout has been shifted south and west
to minimize impacts adjacent to the middle school.

Alt B-3 Two NB Lanes: No Residential Impacts
178’ x 140’ Non Circular ICD

Alt. B-4 Two NB Lanes: 1 Residential Impact
178’ x 140’ Non Circular ICD

Alt C-4: Double Roundabout - No Residential Impacts
South 100’ x 90’ ICD, North 100’ x 80" ICD

Flagstaff, AZ — Fourth & Cedar/Lockett
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Comparison:

Based on the alternatives analysis, Alts B4 and C4
are the most viable alternatives. Colorized versions
of Alt B4 and C4 are shown to the right with brief
summary of each describing primary differences
between each. 11x17 colorized exhibits of each
are attached in Appendix C.

Alt B-4:

The 4 leg roundabout and associated size and
shape allows for large central island landscaping
plan.

Alt C-4:

The closely spaced compact double roundabout
layout utilizes a full mountable central island for
the north roundabout to accommodate the WB 62
design vehicle, thus precluding the ability to
landscape the central island.

The southern compact roundabout allows for a
small area of the central island to be landscaped
while still accommodating the WB-62 design
vehicles movements.

Alt. B-4: Residential Structure Impacts
178’ x 140’ Non Circular ICD

Alt C-4: Double Roundabout -
No Residential Structure Impacts

Number # of # of *Bike Speed Central Island
or veh/veh  pedestrian Accommodations  Control/ Landscaping
Residential conflict  crossing
Alternative Impacts points lanes
4leg (B4) | 1 7 10 Implements bike Higher Much larger area
ramps circulating for landscaping
speeds
Double | 0 10 10 Implements bike Slower Small
(C4) ramps circulating landscaping area
speeds - south
roundabout only

*Both alternatives incorporate bike ramps on approach and exits to allow cyclists the choice to exit the
roadway to the 8'-10" shared-use pathway, or stay on the roadway and take a lane as a vehicle.

Flagstaff, AZ — Fourth & Cedar/Lockett
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I look forward to discussing this analysis and the associated concept sketch level designs with the project
team.

Sincerely,

Mark T. Johnson, PE (AZ)
MTJ Roundabout Engineering

Attachments:
Appendix A: Rodel Output and overview of Rodel
Appendix B: Black & White Concept Design Exhibits Alts A-E
Appendix C: Colorized Concept Design Exhibits Alts A, B-C
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APPENDIX A -

Rodel Output
& Summary of Program
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A. RODEL OPERATIONAL ANALYSIS

Four Leg Roundabout - Single NB Lane Double Roundabouts - Single NB Lane

Four Leg Roundabout - Two NB Entry Lanes Double Roundabouts - Two NB Entry Lanes
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Rodel Roundabout Analysis Software

Rodel provides an excellent foundation from which to understand expected operations, allowing
for confidence in the design decisions with respect to acceptable delay, queuing and ultimately
feasibility for an associated geometric layout.

Rodel is fully compliant with HCM methodologies and provides the following features:

e Accurate Operational Analysis for All Types of Roundabouts

(0]

0]
0]
0]

(0]

Seamless integration of HCM model & lane-based geometric model
Facilitates sound decision-making for Intersection Control Evaluations (ICE)
Validated by U.S. capacity data (see p. 2)
Facilitates selection of safe geometrics for all modes

e Flared entries

e Exclusive right turn modeling
Safety/economic analysis

e Compliant with HCM procedures for roundabout analysis

0]
0
0

15-min. analysis, PHF, Right Hand Drive, standard units

Time Dependent Queuing Theory

High Definition Queuing Theory Equations provide accurate prediction at higher
v/c ratios to avoid over-design (see p. 2)

e Support

0
0
0

Online Tutorial Modules: http://rodel-interactive.com/support/tutorials.html
Simple-to-follow case studies to accelerate learning
On-site training available

www.rodel-interactive.com 1 info@rodel-interactive.com
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Highlighted Features of Rodel

High Definition Queuing Theory

Rodel is fully compliant with HCM methodologies and implements ‘Time Dependent Queuing
Theory’ (developed by U.S. researcher P.M. Morse). Delay is derived from queuing theory
equations, so nothing in this respect is different from HCM methodology to Rodel. However,
Rodel uniquely incorporates ‘High Definition’ queuing theory equations vs. low definition
equation. ‘High definition” queuing theory equations allow for accurate and stable predictions for
Queue and Delay at high v/c ratio conditions up to and exceeding 1.0. This allows for a thorough
understanding of expected operations at end of traffic horizons, upon which lane and geometric
decisions are typically based.

Rodel’s high definition models use seven “time-dependent” equations to predict queue lengths
and delays. Each equation is selected depending on whether the v/c ratio is less than or greater
than 1.0, and if the queues are growing, reducing, or stable (TRL Report 909).

Gap-based methodologies utilize a “low definition” model that incorporates a single average v/c
ratio in a single queuing equation. The simplified time-dependent model gives good queue and
delay predictions at lower v/c ratios. But as v/c ratios exceed 0.9, equations become more
pessimistic in capacity estimation and predicted queue and delay can become unstable.

This often results in a call for additional laneage, which may reduce safety and/or feasibility.

Validated Accuracy

Rodel’s accurate predictive capabilities have been field-verified on recent FHWA (US) capacity
data. Rodel’s capacity prediction output allows for a direct comparison to U.S. capacity data,
providing a level of understanding and confidence not found in other analysis methods and/or
programs. Rodel includes both a Lane-Based Geometric model (Kimber’s) and the HCM 2010
and HCM 6 Capacity Models. Please see the paper recently published by Transportation Research
Record (TRR) which validates Rodel’s geometric model for U.S. conditions: Impact of Geometric
Factors-Johnson, Lin-TRR Publication.

Sensitivity Analysis

Rodel’s sensitivity testing tools include: flow factor adjustments (to allow for annual percentage
increases), confidence level (CL), and capacity adjustments. These tools improve understanding of
the expected operational performance based on the geometric design, to include: LOS, Delay, and
Quevuing.

www.rodel-interactive.com 2 info@rodel-interactive.com
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RODEL OPERATIONAL ANALYSIS

2019: 4 Leg Roundabout - Single NB Entry Lane

2019 Single Lane Roundabout AM
Project [dth Cedar Flagstaff A7 Date [27Mov-2020 Model [Rodel 2017 «| | Timeslice [15 | | [FulGeometry ~| Peak[sM +| |[Fet ~| RHD
Mame |Single Lane wYRTL: Flows |2EI3EI j Delay |Gueu\ng j Results |Veh j ‘PeakEUﬂEm j |PHF Flow Profile j Conf a0 Light = a0
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-]|Bearing [G| v [n E |[n r | R | @ D c [n Ex n vi  |n —+Cap (vh) | XwalkFact
1|58 Y 0| 0)1200 A1 13.00 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 ] 1.000
LEB Y 90| 01200 1 1300 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 12.00 1 o 1.000
ERL:! Y 180 0] 1200 1 XN 1| s000 6000 2000| 17000| 2000 1 1400 1 1200 1 0 1.000
i‘.’\"E T 20| 01200 1 1300 1 50.00 50.00 20.00 170.00 2000 1 14.00 1 12.00 1 0 1.000
Volume Modifiers Turning Volumes {veh/hr) Arrival Volume Ratios Arrival Violume Times (min) o
Leg Mame %Truck Factor | | utum | Eita | Edit2 | edt1 | Bypass Ratiol | Ratio2 | Ratio3 | Timet [ Time2 | Time3
1_ SB 20 1.00 o 30 230 109 0 0.920
| 2 |EB 2.0 1.00 0 G 244 0 429 0.920
| 3 |NB 20 1.00 0 381 252 203 0 0.920
| 4 |WB 20 1.00 0 156 403 44 0 0.920
[D Calibration | D Accidents | D Econarmics | ED Bypass |
Peak 15min Bypass | Flow Rate (vehir) | Opp Rate (venihr) | Capacity (veh/nr) Ave VCR Ave Del (seciveh) Max Q (veh) Max 095% (veh) LOS AF
Resuilts Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Enty | Bypass Entry| Byp | Leg
| 1|sB MNone 401 982 652 0.6151 11.87 11.87 1.48 374 B B
i EB Yield 337 466 449 449 912 867 | 0.3694 05468 570 8.22 7.6 0.56 1.14 1.46 292 A A A
| 3 |NB Mone 876 368 1066 0.8216 1373 1373 382 911 B B
| 4 |WB MNone 655 723 805 0.8143 16.94 16.94 3.61 8.64 C C
All| Intersection 12.30 B
4 Results 60 < Results 15 |¢- Int / Slope - 60 I <4 Int / Slope - 15] $ Ecunum\ch @ Global Results]
egs o . .
2019 AM Sensitivity Testing 85% CL (~10% Reduced Capacity)
Project [#th Cedar Flagstaff 42 Date |27-Hov-2020 Model [Rodel 2017 ~| | Timeslice [15 | | [Full Geometry ~| | Peak|aM ~| |Fet ~| RHD
Mame [Single Lane w'fRTLs Flows | 2030 ~|| Delay|Quesing  ~| | Results [veh »| [PeakB0/15m ]| | |PHF Flow Frofle ~| | conf 85 | |Lgt | 81
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegMame |+| Bearing |G| v | n E | n it \ R | © D c | n Ex n Vi | n _+Cap (wh) | Xwalk Fact
1|58 Y o 0]1200 A1 1300 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 0 1.000
| 2 |EB Y 9o | 0| 1200 1 13.00 1 50.00 40.00 25.00 170.00 20000 1 14.00 1 1200 1 0 1.000
3|nB ¥ 180 | o 1200 1 14 o] 50.00 6000 2000| 17000 2000 1 1400 1 1200 1 0 1.000
|4 |WB Y 270 01200 1 13.00 1 50.00 50.00 20.00 170.00 20000 1 14.00 1 1200 1 0 1.000
Volume Modifiers Turning Yolumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) s
Leg Name S Truck Factor | | UTum | Exit3 | Ext2 | Exit1 |Bypass | | Ratio | Ratio2 | Ratio3 | Timet | Time2 | Time3
| 1]sB 20 1.00 ] 30 230 109 ] 0.920
i EB 20 1.00 o 66 244 0 429 0.920
| 3 |NB 20 1.00 ] 351 252 203 ] 0.920
i‘.’\"B 20 1.00 0 156 403 44 0 0.920
[ Calibration | [ Accidents | [ Economics | [ Bypass |
Flow Rate (veh/hr) | Opp Rate {veh/hr} [ Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q95% (veh) LOSAF
Peak 15min Bypass
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1|3B MNone 401 930 478 0.8387 28.93 28.93 3.90 9.29 ] ]
i EB Yield 337 48R 435 435 720 671 04678 07158 8.36 15.09 1227 0.83 216 215 536 A C B
3 |NB MNaone 876 368 868 1.0097 43.07 43.07 1437 2969 E E
| 4 |wB Mone 655 701 617 1.0621 68.86 68.86 18.22 36.84 F F
All | Intersection 3813 E
% Results 60 < Results 15 H’ Int / Slope - 60 J < Int / Slope - 15] % Economics | € Global Results
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.
2019 Single Lane Roundabout PM
Project [#h Cedar Flagstaff 4Z Date [27Mov-2020 Model |[Radel 217 | | Timeslice [15 | | |Full Geomety ~| | Peak|PM ~| | [Fet ~| RHD
MName |Single Lane wYRTLz Flows |2EI3EI j Delay |Queulng j Results |Veh j |Peak5[l.-"|5m ﬂ |F'HF Flow Profile j Conf B0 Light 75
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-[Bearing [6[ v [n E [n L | R [ o D c [n Ex n v [n —+Cap (wh) | XwalkFact
‘I_SB K 0 01200 1 13.00 1 50.00 40.00 2500 170.00 2000 1 1400 1 12.00 1 o 1.000
|2 |EB Y g0 01200 1 1300 1 50.00 40.00 25.00 170.00 20000 1 1400 1 1200 1 ] 1.000
iNEl Y 180 | 0] 1200 1 1300 1 50.00 60.00 20.00 170.00 2000 1 14.00 1 12.00 1 0 1.000
| 4 |wB Y 270 01200 1 1300 1 50.00 50.00 20.00 170.00 20000 1 1400 1 1200 1 ] 1.000
WVolume Modifiers Turning Yolumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) —
Leg Mame 9% Truck Factor | | utum | Exit3 | Exit2 [ Edt1 | Bypass Ratiol | Ratio2 | Ratio3 | Timet [ Time2 | Time3
| 1(SB 2.0 1.00 0 12 105 31 ] 0.900
| 2 |EB 2.0 1.00 0 67 401 0 505 0.900
| 3 |NB 2.0 1.00 0 390 124 216 ] 0.900
| 4 |WB 2.0 1.00 0 154 299 g ] 0.900
D Calibration | D Accidents ‘ D Economics | D Bypass | Run
Peak 15min Bypass Flow Rate (veh/hr)| Opp Rate {veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secieh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Emry‘ Byp | Leg
|1|sB None 164 929 G78 0.2426 6.31 6.31 0.31 0.81 A A
|2 |EB Yield 520 561 300 300 985 940 | 05278 0.6070 6.77 8.51 7.67 1.06 1.44 271 366 A A A
|3 |NB None i1 532 a1 0.5906 20.39 20.39 5.68 13.05 c c
|4 |wB None 512 638 848 0.6040 8.09 5.99 1.42 3.60 A A
All | Intersection 11.86 B
4 Results 60 4 Results 15 |+ Int / Slope - 50] < Int / Slope - 15| .5 Economics] @ Global Resultsl
0, 0, H
2019 PM 85% CL (~10% Reduced Capacity)
Project [4th Cedar Flagstaff 42 Date |27-Nov-2020 Model |[Rodel 2017 ~| | Timeslice [15 | | [Full Geometry ~| Peak|PM x| |[Feet ~| RHD
Name [Single Lane wRTLs Flows | 2030 ~|| Delay|Queuina  +| | Results |veh ~v| [Peaki0/15m | | |PHF Flow Profie ~| | conf 65 | |Lght ~| |82
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-|Bearing [6[ v [n E |[n r | R [ @ D c [n Ex n we  [n —Cap (wh) | Xwalk Fact
1|58 Y 0| 0)1z200 A1 13.00 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 0 1.000
| 2 |EB i 90| 01200 1 13.00 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 ] 1.000
(3 |nB ¥ 180 | 0| 1200 1 140011 50.00 §0.00  2000| 47000| 2000 1 1400 1 1200 1 0 1.000
|4 |WB i 270 01200 1 13.00 1 50.00 50.00 20.00 170.00 2000 1 14.00 1 12.00 1 ] 1.000
Volume Modifiers Turning Yolumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) —
Leg Mame % Truck Factor | | UTum | Exit3 | Edt2 | Edit1 | Bypass Ratio1 | Ratio2 | Ratio3 | Timet | Time2 [ Time3
‘I_SB 20 1.00 0 12 105 Eal 0 0.900
| 2 |EB 2.0 1.00 0 67 401 0 505 0.900
| 3 |NB 20 1.00 0 390 124 216 0 0.900
| 4 |WB 2.0 1.00 0 154 299 g 0 0.900
D Calibration | D Accidents | D Economics | D Bypass |
Peak 15min | Bypass | Flow Rate (venmr) | Opp Rate (veh/nr) | Capacity (veh/nr) Ave VCR Ave Del (secheh) MaxQ (veh) | MaxQ95% (ven) LOSAF
Results Type Entry | Bypass | Entry ‘ Bypass | Entry | Bypass| Enty | Bypass | Enty | Bypass | Leg Enty | Bypass | Enty | Bypass Emry| Byp | Lea
|1 (sB Maone 164 908 490 0.3356 9.7 8.71 0.49 1.27 A A
| 2 |EB Yield 520 561 299 299 787 738 | 0.6608 (0.7846 11.09 16.50 13.90 178 293 4.46 714 B c B
i NB Mone an 531 782 1.0370 49.79 4979 16.58 3379 E E
| 4 |wB Maone 512 612 6E2 0.7736 17.42 17.42 291 7.09 c c
All | Intersection 25.66 O
4 Results 60 4 Results 15 |+ Int / Slope - 60] <4 Int / Slope - 15] .5 Economics] @ Global ResultsJ

Notes: Critical Hr is AM, NB LOS E, WB LOS F, SB LOS D as single lanes, to provide more capacity an aux.

NB LT lane can be added, LEFT ONLY, THRU-RIGHT.
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2019: 4 Leg Roundabout - Two NB Entry Lanes

1 - r
D-w=Ff¢d&kOa + - 2l il
Project |4th Cedar Flagstalf A2 Date [27-Nov-2020 Model |F|Ude| 207 j Timeslice |15 j |FuIIEienmetr_l,l j Peak |AM ﬂ |FEEI j RHD
Mame [Single Lane wYRTLs Flows |2030 ~| | Delay|Quevna | | Results |Weh v| [Peak60/18m  ~| | |PHF Flow Profile ~| | conf 50 | |Lght -] f57
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-| Bearing [G[ v [n E |n L | R | @ D c [n Ex n v« |n -+Cap (vih) | XwalkFact
| 1]3B ki 0| 01200 1 13.00 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 ] 1.000
| 2 |EB Y 90| 01200 1 13.00 1 50.00 40.00 25.00 170.00 2000 1 1400 1 1200 1 0 1.000
|3 |NB Y 180 | 02200 2 2200 2 50.00 50.00 20.00 170.00 2000 1 1400 1 1200 1 0 1.000
| 4 |WB Y 270 01200 1 13.00 1 50.00 50.00 20.00 170.00 30.00 Ei 1400 1 1200 1 0 1.000
Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) e
Leg Name 56 Truck Factor | | U-Turn | Exit-3 | Exit-2 | Exit-1 | Bypass Ratio1 | Ratio2 | Ratio3 | Time1 | Time2 | Time3
‘I_ 5B 20 1.00 0 30 230 109 0 0.920
i EB 20 1.00 0 66 244 0 429 0.920
| 3 |MNB 20 1.00 0 351 252 203 0 0.920
| 4 |WB 20 1.00 0 156 403 44 0 0.920
D Calibration | D Accidents | [D Econamics | [D Bypass | 1 message
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q {veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Enty | Bypass | Leg Entry | Bypass | Entry ‘ Bypass Entry‘ Byp | Leg
11|58 Mone 401 986 G50 0.6170 11.96 11.96 1.48 3.75 B B
|2 |EB Yield 337 466 450 450 912 867 | 03695 0.5470 5.70 8.23 747 0.56 114 1.46 292 A A A
| 3 |NB Mone 876 369 1661 0.5275 718 718 1.87 467 A A
| 4 |wB Mone 655 726 906 07234 11.52 11.52 233 577 B B
All | Intersection 8.92 A
<4 Results 60 <4 Results 15 ‘¢- Int / Slope - SD] < Int / Slope - 15] $ Ecnnnmics] @ Global ResultsJ
o, o, H
2019 AM 85% CL (~10% Reduced Capacity)
Project |4th Cedar Flagstaff &2 Date [2FNov2020 | Model [Fladel2017 x| | Timeslice [15 =] | [FullGeomelry | | Peak[aM ~| |[Feet ~| RHD
Name [Single Lane wYRTLs Flows [2030 ~| | Delay oueuing | | Results [veh v| [Feakensi5m ] | [FHF Flow Frofie ~| | conf & |[Lgnt =] %6
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName |+| Bearng |G| W | n E | n i | R | © D c \ n Ex n W | n —+Cap (wh) | XwalkFact
L SB Y o 0f1200 1 1300 1 50.00 40.00 25.00 170.00 2000 1 1400 1 1200 1 0 1.000
| 2 |EB Y 90| 0] 1200 A1 1300 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 0 1.000
3 [NB Y 180 | 0] 2200 2 2200 2 50.00 60.00 20.00 170.00 2000 1 1400 1 1200 1 0 1.000
|4 |wB Y 270 01200 1 1300 1 50.00 50.00 20.00 170.00 000 2 14.00 1 1200 1 0 1.000
Volume Modifiers Turning Valumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) PHE
Leg Name %Truck Factor | | uTum [ Eait3 | Ext2 [ Edt1 | Bypass Ratiol | Ratio2 | Ratiod | Time1 [ Time2 | Time3
| 1[sB 2.0 1.00 0 30 230 109 ] 0.920
i EB 20 1.00 0 66 244 0 429 0.920
3 [nNB 2.0 1.00 0 351 252 203 0 0.920
| 4 [WB 2.0 1.00 0 156 403 44 ] 0.920
D Calibration | D Accidents | D E conomics | D Bypasz | 1 message Bun
Peak 15min Bypass Flow Rate (vehihr) | Opp Rate (vehihr) [ Capacity (vehihr) Ave VCR Ave Del (seciveh) Max C (veh) Max Q95% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass| Enty | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1|sB MNone 401 975 457 0.8785 33.58 33.59 477 114 o o
| 2 |EB Yield 337 466 441 441 717 669 [ 0.4698 0.7189 8.41 15.22 12.36 0.84 218 217 5.44 A c B
| 3 |NB Mone 876 368 1463 0.5089 9.34 9.34 246 6.06 A A
i wB Mone 655 725 707 0.9266 3047 30.47 6.97 15.64 D D
All| Intersection 18.85 C
4 Results 60 <4 Results 15 |<> Int / Slope - 60] 4 Int / Slope - 15J 4% Economics | € Global Results
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OD-w=fd Sk + - 22 il
Project |4th Cedar Flagstaff A2 Date | 27-MNov-2020 Model ‘HUdEI am7y ﬂ Timeslice |15 j |Fu|| Geometry j Peak |F'M j |Feel j RHD
Mame [Single Lane wYRTLs Flows | 2030 ~|| Delay|dueiins  ¥| | Results |veh v| |PeakBdsiSm | | |PHF Flow Profie | | conf 50 | |Light | |25
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName |+| Bearing [ G| V | n E | n i | R | @ D C | n Ex n Vx \ n _+Cap (wh) | Xwalk Fact
1]sB Y o) of1200 1 13.00 1 50.00 40.00 25.00 170.00 20000 1 14.00 1 12.00 1 ] 1.000
| 2 |EB Y 90| 01200 1 13.00 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 12.00 1 0 1.000
| 3 |NB Y 180 0| 2200 2 2200 2 50.00 G0.00 20.00 170.00 2000 1 14.00 1 12.00 1 0 1.000
4 |we Y 270 01200 1 13.00 1 50.00 50.00 20.00 170.00 3000 2 14.00 1 12.00 1 0 1.000
Volume Modifiers Turning Volumes {veh/hr) Arrival Volume Ratios Arrival Volume Times (min) uE
Leg Name 9% Truck Factor | | U-Turn | Exit-3 | Exit-2 \ Exit-1 | Bypass Ratio1 | Ratio? | Ratio3 | Time1 | Tima? | Time3
| 1]sB 2.0 1.00 0 12 105 H 0 0.900
| 2 |EB 2.0 1.00 0 67 401 0 505 0.900
| 3 |NB 2.0 1.00 0 390 124 216 0 0.900
14 |WB 2.0 1.00 0 154 299 g 0 0.900
D Calibration | D Accidents | D E conomics | D Bypass ‘ 2 messages Fun
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry ‘ Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass| Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
1|58 Mone 164 932 477 0.3445 10.02 10.02 0.50 1.31 B B
i EB Yield 520 561 300 300 787 738 | 06611 0.7850 11.10 16.53 13.92 178 294 4 46 715 B C B
| 3 |NB Mone 811 531 1307 0.6205 11.23 11.23 282 5.88 B B
i W8 Mone 512 G643 737 0.6947 12.72 1272 204 5.09 B B
All | Intersection 12.58 B
4 Results 60 < Results 15 |+ Int / Slope - 60 J < Int / Slope - 15] $ Ecunumics] @ Global Results
0, 0, H
2019 PM 85% CL (~10% Reduced Capacity)
T = =
O-@xfkdE&BE +— 2 il .
Project |#h Cedar Flagstaff 42 Date [27MNov-2020 Mode! |Rodel 2017 =| | Timeslice [15 | | [Ful Geomety ~| |Peak [Pt ~| | [Fest ~| RHD
Mame [Single Lane wYRTLs Flows |2030 ~|| Delay|[oueuna  +| | Results |ven v| [Feske0s15m v | [PHF Flow Profile | | cont g5 || | o8
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-| Bearing [6[ v [n E [n r [ rR | @ D c [n Ex n v |n —Cap (vh) | XwalkFact
e EE N 0] of1200 1 1300 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 0 1.000
| 2 |EB Y 90| 0] 1200 1 1300 1 50.00 40.00 25.00 170.00 2000 1 14.00 1 1200 1 ] 1.000
| 3 |NB Y 180 0| 2200 2 2200 2 50.00 60.00 20.00 170.00 2000 1 14.00 1 1200 1 ] 1.000
| 4|WwB Y 270 01200 1 13.00 1 50.00 50.00 20.00 170.00 30.00 51 14.00 1 1200 1 ] 1.000
Volume Modifiers Turning Volumes (vehihr) Arrival Volume Ratios Arrival Volume Times (min) e
Leg Name %Truck Factor | [ utum [ Eata | Edit2 [ Edt1 [ Bypass Ratiol | Ratio2 | Ratio3 | Time1 [ Time2 [ Time3
1|58 20 1.00 ] 12 105 k)| 0 0.900
|2 |EB 20 1.00 ] 67 401 ] 505 0.900
| 3 |NB 20 1.00 0 390 124 216 0 0.900
|4 |wB 20 1.00 0 154 299 8 0 0.900
D Calibration ‘ D Accidentz | D Economics | D Bppass | 2 messages Fun
Peak 15min Bypass Flow Rate {veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q {veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass| Leg Enty | Bypass | Entry ‘ Bypass Emry| Byp | Leg
|1]|3B MNone 164 932 477 0.3445 10.02 10.02 0.50 131 B B
|2 |EB Yield 520 561 300 300 787 738 | 06611 07850 11.10 16.53 13.92 178 294 4.46 7.15 B c B
13| NB MNone a1 51 1307 0.6205 11.23 11.23 282 5.68 B B
1 4|wB MNone 512 643 737 0.5947 12.72 1272 204 5.08 B B
All| Intersection 12.58 B
% Results 60 4 Results 15 |+ Int / Slope - EU] - Int / Slope - 15| 4 Economics | @ Global Results
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2019 Double Roundabout with Single NB Entry Lane
North Roundabout AM

Project |Project-1 Date |27-Neov-2020 Model |R°d3| 2m7 j Timeslice |15 j ‘Ful\ Geametry ﬂ Peak |AM j |Feet j RHD
Name |Double - North mdbt &1 Flows | 2030 ~|| Delay|oueira  ~| | Results [veh ~| [PeakE0n1Em =] | [PHF Flow Profile ~| | conf g0 ught | ¥
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName |[-[Bearng [6[ v [n E [n i R [ o D c [n Ex n Vi [ n —+Cap (vh) | Xwalk Fact
| 1|s8B Y 0 0f Moo 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 12.00 1 0 1.000
| 2 |NB Y 180 O 1M.00 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 12.00 1 o 1.000
| 3 |wB Y 270 O 1M.00 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 o 1.000
Volume Modifiers Turning Volumes {veh/hr) Arrival Volume Ratios Arrival Volume Times {min) =
Leg Mame % Truck Factor | | | btum | Ext2 | Eat1 [ Bypass Ratiol | Ratio2 | Ratio3 | Time1 [ Time2 [ Time3
| 1[sB 20 1.00 ] a0 339 0 0.900
2 [NB 20 1.00 ] e 407 ] 0.900
3 (we 20 1.00 ] 550 44 0 0.900
D Calibration | D Accidents | D Economics ‘ D Bypass | Run
Peak 15min Bypass Flow Rate (vehi/hr) | Opp Rate (veh/hr) | Capacity (vehihr) Ave VCR Ave Del (seciveh) Max Q (veh) Max 095% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Eniry | Bypass [ Entry | Bypass Leg Entry | Bypass | Eniry | Bypass Emry| Byp | Leg
1 1]sB MNone 410 518 786 0.5214 .24 g.24 1.03 2.64 A A
12 |NB Mone 806 33 1101 0.7317 9.79 9.79 244 6.01 A A
13 |wB Mone 670 352 929 0.7208 11.02 11.02 2.3 571 B B
All| Intersection 9.89 A
4 Results 60 <4 Results 15 |+ Int / Slope - SUJ - Int / Slope - 15J $ Economics] @ Clobal Results]
2019 AM 85% CL
Project |Project-1 Date |27-MNov-2020 Model |F|ode\ 2007 ﬂ Timeslice |15 ﬂ |Fu\|Geometry j Peak |AM j |Feet ﬂ RHD
Name [Double - North mdbt &lt © Flows |2030 ~|| Delay|Gueurg | | Results [veh =| [Peaki0A15m  «| [PHF Flow Profile || conf 65 | |Light ~| |3
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-[ Bearing [G][ v [n E |n r | R | @ D c [n Ex n v |n —+Cap (vih) | XwalkFact
11]se Y o 0] 1100 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 0 1.000
|2 |NB Y 180 O] 11.00 1 13.00 1 33.00 45.00 25.00 80.00 16.00 1 13.00 1 1200 1 0 1.000
i‘.’\fEl Y 270 0| 1100 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 13.00 1 1200 1 0 1.000
Wolume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) e
Leg Name % Truck Factor | | | U-Turn | Exit-2 | Exit-1 Bypass Ratio1 ‘ Ratio2 | Ratio3 | Time1 | Time2 | Time3
L 5B 20 1.00 0 30 339 0 0.900
|2 |NB 20 1.00 ] a8 407 ] 0.900
|3 |WB 20 1.00 ] 559 44 0 0.900
E Calibration ‘ E Accidents ‘ D Econamics | D Bypass | Run
Peak 15min Bypass Flow Rate {veh/hr} | Opp Rate {veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Emry| Byp | Leg
| 1|sB Mone 410 608 593 0.5915 15.29 15.29 20 5.00 c c
| 2 |NB Mone 206 33 a02 0.8931 21.36 21.36 579 13.26 C C
L3 |WB Mone G70 348 732 0.9148 27.37 27.37 6.46 14.62 0] o]
All | Intersection 2218 c
% Results 60 < Results 15 |-¢ Int / Slope - GUJ 4 Int / Slope - 15] $ Economich @ Global Results

Notes: AM Peak WB entry shows some sensitivity.
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North Roundabout PM

Project [Project1 Date [27-Nov-2020 Model [Rodel 217 =] | Timeslice [15 | | [Full Geometry =] | Peak[Pt =] | [Fest -] RHD
Mame [Double - North indbt &1t C Flows | 2030 »|| Delay|Oueuina  ~| | Results |veh =| |Peaks0/15m  ~| | |PHF Flow Frofile ~| | conf 50 | |Light ~| |34
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName |-[Bearng [c| v [n E |n T R | o D c [n Ex n v |n —~Cap (vh) | XwalkFact
LSEI Kl 0| of 1100 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 o 1.000
LNEI i 180 | 0| 11.00 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 0 1.000
i‘.’\"EI i 270 0| 1100 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 0 1.000
Violume Modifiers Turning Volumes (vehthr) Arrival Volume Ratios Arrival Volume Times (min) o
Leg Name % Truck Factor | | Utum | edit2 | Exit1 |Bypass Ratio1 | Ratio2 | Ratiod | Time1 [ Time2 | Time3
| 1|sB 5.0 1.00 ] 12 136 0 0.900
| 2 |NB 5.0 1.00 ] 204 614 0 0.900
|3 |WB 5.0 1.00 ] 453 g 0 0.900
D Calibration | D Accidents | D E conamics | D Bppass ‘
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate {veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Enty | Bypass | Leg Entry | Bypass | Entry | Bypass Emry| Byp | Leg
L 5B Maone 164 503 793 0.2074 5.06 5.06 0.24 0.64 A )
i MB Maone 09 13 1049 0.8666 14.59 14.59 429 1012 B B
i WB Maone 512 226 938 0.5462 5.95 5.95 1.07 273 A )
All | Intersection 11.13 B
<4 Results 60 <4 Results 15 |+ Int / Slope - G[]] < Int / Slope - 15J % Ecnnomics] @ Global Resu\tsJ
2019 PM 85% CL
Project [Froject-1 Date |27-Nov-2020 Model [Rodel 2017 ~] | Timeslice [15 | | [Ful Geomety ~| | Peak|PM ~| | [Fet ~] RHD
Name [Double - Notth mdbt & C Flows |2030 >|| Delay|ouewing  =| | Results [veh v| |Peak60A15m  w| | |[PHF Flow Profile =| | Conf 8 | [ugn -] 32
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName |- [ Bearng [G]| v [n E [n r | R | @ D c [n Ex n Vi | n —+Cap (wh) | Xwalk Fact
1|38 Y of 0f Moo 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 13.00 1 1200 1 0 1.000
| 2 |NB Y 180 | 0| 100 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 13.00 1 1200 1 ] 1.000
3 |we Y 270 0| o0 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 13.00 1 1200 1 ] 1.000
Volume Maodifiers Turning Valumes (vehihr) Arrival Volume Ratios Arrival Valume Times (min) e
Leg Name 9% Truck Factor | \ | U-Turn | Exit-2 \ Exit1 | Bypass Ratio1 | Ratio2 | Ratio2 | Time1 \ Time2 | Time3
L 5B 5.0 1.00 0 12 136 0 0.900
i MB 5.0 1.00 0 204 614 0 0.900
i WB 5.0 1.00 0 453 g 0 0.900
[ Calbration | T Accidents ‘ A Economics | 3 Bvpass |
Peak 15min Bypass Flow Rate {veh/hr) | Opp Rate {veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max 095% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry |Bypass | Entry | Bypass | Entry |Bypass | Leg Entry | Bypass | Enty | Bypass Emry| Byp | Leg
EREG] Mone 164 02 ROF 02715 7.00 7.00 0235 nan A A
12 |nR Mone ana 13 af1 1055R 4F 43 4R 43| 1RED A1R8 F E
i WB Mone 512 215 756 06777 11.21 11.21 176 4.41 B B
All [ Intersection 30.97 D
<% Results 60 4 Results 15 |-¢- Int / Slope - 60 I < Int / Slope - 15] $ Ecunomics] @ Global Results]

Notes: Pm peak NB entry is critical entry. This connection leg to south roundabout has Q storage
available of ~3 veh. Analysis shows more capacity necessary for this entry to reduce Queueing.
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South Roundabout AM

Project |Project1 Date |27-Nov-2020 Model |H°d3| 2m7 ﬂ Timeslice ‘15 j |Fu|\ Geometiy j Peak |AM j |Feet ﬂ RHD
Mame [Deuble - South Rndbt &1t C Flows |2030 ~|  Delay|Quesing  ~| | Results |veh ~| |PeakB0/1Em =] |PHF Flow Picfile ~| | conf A R B EE
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [+]|Bearing [6[ v [n E |n L | R | @ D c [n Ex n FEE —+Cap (wh) | Xwalk Fact
' 1]sB Y o] of oo 1 1300 1 3300 5000 2500 100.00| 1600 1300 1 1200 1 0 1.000
2 |eB Y 90| of 1100 1 1300 1 3300 4500 2500 | 100.00| 1600 1 1300 1 1200 1 0 1.000
13 |nB Y 180 o 1100 1 1300 [{| 3300 4500 2500| 100.00| 1600 4 1300 1 1200 1 0 1.000
Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) um
Leg Name % Truck Factor | | | utum | Edit2 [ Eit1 [Bypass Ratiol | Ratio2 | Ratio3 | Timet [ Time2 | Time3
HE 20 1.00 0 386 0 512 0.900
2 |eB 20 100 0 30 0 429 0.900
(3 |nB 20 100 0 351 455 0 0.900

D Calibration | D Accidents | E Econarmics | E Bypass |

Fiun

Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Mazx Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Enty | Bypass | Entry | Bypass| Leg Entry | Bypass | Enty | Bypass Entry| Byp | Leg
L 5B Yield 429 569 381 381 921 957 | 04657 0.6042 6.47 8.28 .50 0.83 1.44 215 3.64 A A A
|2 |EB Yield 344 477 428 428 890 858 | 03872 0.5653 5.92 §.49 742 0.61 1.22 1.57 312 A A A
| 3 |NB Mone 896 344 935 0.9582 28.56 28.56 9.38 20.33 o] o]
All| Intersection 14.42 B

< Results 60 -4 Results 15 |¢ Int / Slope - 60 I < Int / Slope - 15] $ Economica] @ Global Results]

2019 AM 85% CL

Project |Project1 Date |27-Nov-2020 MUdeIlFlodBlZU‘l? j Timeslice|15 j |Fu||Gaometry j F‘eaklAMj |Feet j RHD
Mame [Double - South Andbt &1 C Flows | 2030 ~| | Delay|dueuing | Results |veh v| [PeakB0A15m <] | [PHF Flow Profie || conf 65 | Lot -] 2

Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegMame |+| Bearing [ G| Vv | n E \ n it | R \ © D B | n Ex n Vx | n _+Cap (wh) | Xwalk Fact
1_SB Y o 0| Moo 1 1300 1 33.00 5000 25.00 100.00 16.00 1 1300 1 12.00 1 V] 1.000
| 2 |EB Y g0 0 Moo A 1300 1 33.00 45.00 25.00 100.00 16.00 1 1300 1 1200 1 0 1.000
i MNB Y 180 O 100 1 13.00 | 33.00 45.00 25.00 100.00 16.00 1 13.00 1 12.00 1 0 1.000
Volume Modifiers Turning Volumes (vehihr) Artival Volume Ratios Arrival Volume Times (min) -
Leg Mame S Truck Factor | | | U-Turn | Exit-2 \ Exit1 | Bypass Ratio | Ratio2 | Ratio2 | Time1 | Time2 | Time3
| 1|sB 20 1.00 0 386 0 512 0.900
|2 |EB 20 1.00 0 310 ] 429 0.900
i MNB 20 1.00 V] 351 455 V] 0.900
D Calibration | D Aocidents ‘ D Economics | D Bppass | Fun
Peak 15min Bypass Flow Rate {veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max Qi (veh) Max Q95% (veh) LOS A-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Enty | Bypass | Entry | Bypass Entry| Byp | Leg
|1|sB Yield 429 BE9 320 320 649 707 | 0.66810 08372 13.54 2045 17.48 176 3.68 443 8.80 B c c
2 FR Yigld 344 477 427 437 A9 RES| N4084 NTEOR 901 1651 1337 nad 249 241 13 A c B
| 3 |NB Mone 896 343 736 1.2170 144.95 144.95 54.53 106.37 F F
All | Intersection 58.20 F

4 Results 60 -4 Results 15 |+ Int / Slope - SUJ 4 Int / Slope - 15] $ Economics | @ Global Results

Flagstaff, AZ— Fourth& Cedar / Lockett 8



South Roundabout PM

Project |Project1 Date [27-How-2020 Model [Rod=l 2017 ~| | Timeslice [15 = | [Full Geamety ~| | Peak[PM =] [[Fee ~] RHD
Mame [Double - South Findot A1 C Flows |2030 || Delay|dueuiing  ~| | Results |veh v| [PeakB0/15m  ~| | [PHF Flow Profile ~| | conf T T . E
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-]Bearing [c] v [n E [n r [ R [ @ D c [n Ex n v [n _+Cap (vih) | XwalkFact
L sB Y o| 0| 100 1 1300 1 33.00 50.00 2500 100.00 16.00 1 1300 1 12.00 1 o 1.000
|2 |EB Y Qo | 0| Moo A 13.00 1 33.00 45.00 25.00 100.00 16.00 1 13.00 1 1200 1 ] 1.000
i MNB Y 180 0 MO0 1 13.00 | 33.00 45.00 25.00 100.00 16.00 1 13.00 1 12.00 1 0 1.000
Volume Modifiers Turning Volumes (vehihr) Arrival Volume Ratios Arrival Volume Times (min) PHE
Leg Mame % Truck Factor | | [ utum | Edi2 | Bdt1 [Bypass Ratiol | Ratio2 | Ratio3 | Time1 [ Time2 | Time3
L sB 50 1.00 o 259 0 330 0.900
|2 |EB 5.0 1.00 0 468 0 505 0.900
i MB 50 1.00 o 390 347 o 0.900
D Calibration | D Accidents | D Econamics | D Bypass | Bun
Peak 15min Bypass | Flow Rate (venihr) | Opp Rate (vehihr) | Capacity (veh/nr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry ‘ Bypass | Entry | Bypass | Enty | Bypass | Entry | Bypass | Leg Entry | Bypass | Enty | Bypass Emry‘ Byp | Leg
| 1|5B Yield 288 367 412 412 848 907 | 03395 0.4094 5.58 G6.18 5.91 0.47 0.67 124 174 A A A
| 2 |EB Yield 520 561 287 287 906 902 | 05738 0.6337 7.55 9.37 8.49 1.18 1.60 3.02 403 A A A
i MB Mane 819 519 786 1.0420 42.34 4234 13.81 28.64 E E
All [ Intersection 18.68 C
< Results 60 <4 Results 15 ‘¢- Int / Slope - G[]] < Int / Slope - 15] $ Ecnnnmics] @ Global Results]
2019 PM 85% CL
Project |Proiect-1 Date | 27-Hov-2020 Model |H°d9| 2017 ﬂ Timeslice |W5 j |Fu|| Geametry ﬂ Peak |F'M j |Feet j RHD
Mame [Double - South Rndbt Ak C Flows | 2030 ~|| Delay|Quesing  ~| Results [weh =| [PeakB0/15m  v| | |PHF Flow Profie ~| | conf & | |Liaht ~| [
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [+|Beaing [c| v [n E [n r [ rR [ @ D c [n Ex n v |n ~+Cap (wh) | Xwalk Fact
L 5B Y 0| 0| 1100 1 13.00 1 33.00 50.00 25.00 100.00 16.00 1 13.00 1 12.00 A 0 1.000
| 2 |EB i g0 0| 1100 1 1300 1 33.00 45.00 25.00 100.00 16.00 1 13.00 1 12.00 A 0 1.000
| 3 |NB i 180 0| .00 A1 13.00 | 33.00 45.00 25.00 100.00 16.00 1 13.00 1 12.00 A 0 1.000
Volume Modifiers Turning Volumes (vehihr) Arrival Volume Ratios Arrival Volume Times (min) PLE
Leg Mame % Truck Factor | | | utum | Edit2 | Eit1 |Bypass Ratio1 | Ratio2 | Ratio3 | Time1 | Time2 | Time3
L SB 5.0 1.00 ] 258 ] 330 0.900
|2 |EB 5.0 1.00 ] 488 ] 505 0.900
| 3 |NB 5.0 1.00 ] 390 347 0 0.900
D Calibration | D Aocidents | D Economics | D Eypass | Run
Peak 15min Bypass Flow Rate (vehihr)| Opp Rate (vehthr) | Capacity {veh/hr) Ave VCR Ave Del (seciveh) Max Q1 (veh) Max Q95% (veh) LOS A-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass |Entry| Byp | Leg
1 |sB Yield 288 367 317 "7 708 TE3| 04057 0.4894 7.38 §.43 7.97 0.62 0.91 1.61 234 A A A
2 |EB Yield 520 561 287 287 700 687 | 07432 08503 14.06 21.45 17.89 229 39 5.67 9.30 B C C
2 |NB Mone 818 517 508 1.3666 226.54 226.54 75.44 147.10 F F
All | Intersection 8224 F
< Results 60 <4 Results 15 |+ Int / Slope - 50] < Int / Slope - 15| 4 Economics] @ Global Resultsl

Notes: Critical analysis and Entry is the NB morning am peak... To provide more capacity an aux. LT lane

can be added, LEFT ONLY, THRU-RIGHT. See Alt C1
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2019 Double Roundabout with Two NB Entry Lanes
South Roundabout

D-w=fd&RE + 2 il .
Project |Project1 Date [27-Hov-2020 Model [Rocel 2017 ~| | Timeslice ‘15 j |FuIIGeometly j Peak |4 ~| [Feet ~|] RHD
Mame [Double - South mdbt Flows | 2030 ~|| Delay|Queing | | Results [veh v| |Peake0s15m  «| | [PHF Flow Profile | | conf 50 fLg w3
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-[Bearing [G| Vv [n E |[n r | R | o D c [n Ex n w_ [n —+Cap (wh) | Xwalk Fact
EEE ki ol o] Moo 1 E 1 33.00 50.00 2500 | 100.00 16.00 1 1300 1 12.00 1 0 1.000
LEB i 90| 0| 1100 1 1300 1 33.00 45.00 2500 100.00 16.00 1 13.00 1 12.00 1 0 1.000
| 3 |NB Y 180 0| 2200 2 2200 2 33.00 45.00 25.00 100.00 16.00 1 1300 1 12.00 1 0 1.000
Volume Modifiers Turning Yolumes {veh/hr) Arrival Volume Ratios Arrival Volume Times (min) —
Leg Name % Truck Factor | | | uUTum | Edt2 | Eit1 | Bypass Ratiol | Ratio2 | Rafio3 | Time1 [ Time2 [ Time3
| 1|sB 20 1.00 0 386 0 512 0.900
i EB 20 1.00 o 310 0 429 0.900
| 3 |NB 20 1.00 0 351 455 0 0.900
D Calibration | D Accidents ‘ D Econamics | D Bppasz | 2 messages Run
Peak 15min Bypass Flow Rate {veh/hr) | Opp Rate (veh'hr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q85% (veh) LOS A-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1|sB Yield 429 569 380 389 917 953 | 04679 0.6071 §.52 8.38 7.58 0.84 1.45 216 3.67 A A )
i EB Yield 344 477 423 428 889 858 | 03873 05654 593 8.50 T42 061 122 157 312 A A A
|3 |NB Mone 896 344 1597 (0.5609 7.84 7.84 212 5.27 A A
All | Intersection 7.62 A
% Results 60 < Results 15 |+ Int / Slope - 60 J < Int / Slope - 15] $ Ecunumics] @ Global ResullsJ
2019 AM 85% CL
Project [Froject-1 Date |27-MNov-2020 Model [Rodel 2017 ~| | Timeslice [15 ~| | [Full Geomety ~| | Peak|am ~| |[Fe ~| RHD
Name |Double - South mdbt Flows |2030 ~|| Delay [Queiing  +| | Results |veh v| |PeakBsiSm | | |PHF Fiow Profie | | conf 8 | |loht | 30
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
Leghame |+| Bearnng | G| Vv | n E | n T | R | @ D C | n Ex n Vx | n _+Cap (wh) | XwalkFact
| 1|58 Y of 0f 1100 1 13.00 1 33.00 50.00 25.00 100.00 16.00 1 1300 1 12.00 1 0 1.000
|2 |EB i 90 Of 11.00 1 13.00 1 33.00 45.00 25.00 100.00 16.00 1 13.00 1 12.00 1 ] 1.000
|3 |NB i 180 | 0| 2200 2 2200 2 33.00 45.00 25.00 100.00 16.00 1 13.00 1 12.00 1 ] 1.000
Yolume Modifiers Turning Volumes {veh/hr) Arrival Volume Ratios Arrival Volume Times (min) T
Leg Name 95 Truck Factor | | | U-Turn | Exit-2 \ Exit-1 | Bypass Ratio1 | Ratio2 | Ratio3 | Time1 | Time2 \ Time3
L 5B 20 1.00 0 386 0 512 0.900
|2 |EB 20 1.00 0 o 0 429 0.900
L3 |NB 20 1.00 0 351 455 0 0.900
[T Calbration ‘ [ Accidents | [ Economics | [ Bupass | 2 messages Run
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity {veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry ‘ Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass| Leg Entry | Bypass | Entry | Bypass Emry| Byp | Leg
| 1|58 Yield 429 568 388 388 614 670 | 0.6987 0.8874 15.27 24.61 20.60 2.06 467 513 1093 c c c
L EB Yield 344 477 426 426 692 656 | 0.4980 0.7500 9.00 16.47 13.33 094 249 241 612 A C B
i MB None 896 343 1399 0.6403 10.51 10.51 289 7.05 B B
All| Intersection 15.07 C
< Results 60 <4 Results 15 |¢- Int / Slope - 60 ] 4 Int / Slope - 15] % Economics | € Global Results

Flagstaff, AZ — Fourth& Cedar / Lockett
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South Roundabout

Project [Pioject1 Date [27Nov-2020 Model [Rodel 2017 | | Timeslice [15 | | [Full Geomety =] | Peak [Pt x| | [Feet ~] RHD
Mame |Double - South mabt Flows |2030 ~|| Delay[Queuing x| | Results |veh x| [PeakéD/15m = | |PHF Fiow Profile | | conf 50 | |Light | 28
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName || Bearing [6[ v [n E [n L | R | @ D c [n Ex n ve [n —+Cap (wh) | Xwalk Fact
1|58 T of 0f 1Moo 1 13.00 1 33.00 50.00 25.00 100.00 16.00 1 13.00 1 1200 1 0 1.000
i EB Y 9o | of M.00 A 13.00 1 33.00 45.00 25.00 100.00 16.00 1 13.00 1 12.00 A1 0 1.000
BILE Y 10| 02200 2 2200 2| 3300 4500  FEEN| +to0.00| 1600 1 1300 1 12,00 1 0 1.000
Volume Modifiers Turning Volumes {veh/hr) Arrival Volume Ratios Arrival Volume Times (min) e
Leg Name %Truck Faclor | | | utum | Edit2 | Edt1 [ Bypass | | Ratiot [ Ratio2 | Ratio3 | Time1 | Time2 | Time3
L SB 5.0 1.00 0 259 1] 330 0.900
i EB 5.0 1.00 0 468 0 505 0.900
| 3 |NB 5.0 1.00 0 390 347 0 0.900
[P Calibration | [ Accidents | [ Economics | [ Bupass | 3 messages Run
Peak 15min Bypass Flow Rate (veh/hr)| Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max Q95% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
1|sB Yield 288 367 432 432 837 896 | 0.3438 04745 5.67 6.28 6.01 0.48 0.68 1.28 177 A A A
|2 |EB Yield 520 561 287 287 906 902 | 05738 0.6337 7.55 9.37 .49 118 1.60 3.02 403 A A !
i NB Maone 819 518 1326 0.6176 10.41 10.41 2.62 5.43 B B
All | Intersection 5.47 A

4 Results 60 <4 Results 15 |¢ Int / Slope - 5[]] < Int / Slope - 15] .3 Economics] @ Global Results]

2019 PM 85% CL

Project [Project-1 Date [27Nov-2020 Model |[Rodel 2017 ~| | Timeslice [15 | | [Ful Geomety ~| | Peak [P ~| | [Feet -] RHD
Mame [Double - South mabt Flows | 2030 ~|| Delay|dueuna | Results [veh v| |[Peaké0/15m  +| | |PHF Flow Profie ~| | conf % | |lgt | |23
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegMame |+| Bearing | G| V | n E | n i | R | © D C | n Ex n VK | n —+Cap (wh) | Xwalk Fact
' 1]sB Y of of 1100 4 1300 1 3300 5000 2500] 10000| 1600 A 1300 1 1200 1 0 1.000
HE Y 90| o 1100 1 1300 1 3300 4500 2500| 10000 1600 1 1300 1 1200 1 0 1.000
13 |nB Y 180 | 0| 2200 2 2200 2| 2300 4500  PEEKN| 10000| 1600 1 1200 1 1200 1 0 1.000
Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) o
Leg Name 9% Truck Factor | | | utum | Exit2 | Eit1 |Bypass Ratio1 | Ratio2 [ Ratio3 | Time1 | Time2 | Time3
' 1]s8 5.0 1.00 0 259 0 330 0.900
HE 5.0 1.00 0 468 0 505 0.900
(3 |nB 5.0 1.00 0 390 347 0 0.900

D Calibration | D Accidents | D E conamics | D Bypass ‘ 3 messages

Peak15min | Bypass | Flow Rate (vennr) | Opp Rate (vethr) | Capacity (vehnr) Ave VCR Ave Del (secheh) MaxQ (veh) | MaxQo5% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1(sB Yield 288 367 430 430 650 TO0| 04427 05343 8.32 9.70 9.09 0.72 1.08 1.86 276 A A A
2 |EB Yield 520 561 287 287 700 687 | 0.7430 0.8501 14.05 2142 17.88 229 391 5.67 9.30 B c c
i MB Mone 819 517 1140 07183 14.94 14.94 388 923 B B
All | Intersection 14.68 B

< Results 60 <4 Results 16 |¢- Int / Slope - 60] < Int / Slope - 15] $ Economics | @ Global Results

Flagstaff, AZ — Fourth& Cedar / Lockett 11



North Roundabout

[b-r-@=Pd &SRO + 2, i,
Project |Project-1 Date |27-Nov-2020 Model ‘Hodel 2m7 ﬂ Timeslice |15 j |Fu|| Geometry j Peak |AM j |Feet j RHD
Mame [Double - North bt Flows [z030 || Delay |gueung | | Results [veh »| |[Peakénssm ¥ | [FHF Flow Frofie ~| conf 50 | Jugn =] |7
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [+[Bearng [G| v [n E [n r [ rR [ o D c |n Ex n Vx [ n —+Cap (wh) | XwalkFact
EEE Ki of of 1Moo [EXL 33.00 45.00 25.00 90.00 16.00 1 13.00 1 1200 1 0 1.000
| 2 |NB i 180 O 1100 1 1300 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 0 1.000
|3 |WB Y 270 O 1100 1 1300 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 0 1.000
Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times {min) o
Leg Name % Truck Factor | ‘ | U-Turn | Exit-2 | Exit-1 Bypass Ratio1 | Ratio2 | Ratio3 | Time1 | Time2 | Time3
| 1|sB 2.0 1.00 0 a0 339 0 0.900
| 2 |NB 2.0 1.00 0 e 1 407 0.900
| 3 |wB 20 1.00 0 559 44 1] 0.900
D Calibration | D Accidents | [D Economics | D Bypass |
Peak 15min Bypass Flow Rate {veh/hr} | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q85% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1|sB None 410 G20 786 0.5219 8.26 8.26 1.03 2.64 A A
i NB Yield 354 452 33 34 1101 1069 | 0.3220 04279 442 545 5.00 0486 073 1.20 1.88 A A A
i WwB Nane 670 353 929 07213 11.04 11.04 23 572 B B
All | Intersection 7.85 A
<4 Results 60 <4 Results 15 |¢- Int / Slope - G[]] < Int / Slope - 15J 4% Economics | @ Global Results
2019 AM 85% CL
D-wfd&SkA|+ 2 b, il
Project |Project-1 Date |27-Nav-2020 Model |H°d3| amz j Timeslice |15 j |Fu||Geometry j Peak |AM j |Feet ﬂ RHD
Mame |Double - Notth ndbt Flows | 2020 || Delay|Quesing | Results [veh v| [Peakt0/15m =] | [PHF Flow Profile ~| | conf 8 | |Lgt ~| |28
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [-[Beaing[G[ v [n E [n r T R [ e D c [n Ex n v [n —+Cap (wh) | Xwalk Fact
L SB Y o 0] 1100 1 1300 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 12.00 1 0 1.000
|2 |NB Y 180 O 1100 1 1300 A1 33.00 45.00 25.00 90.00 16.00 1 13.00 1 12.00 1 0 1.000
3 |wB Y 270| o] 1Moo 1 1300 1| 3300 4500  ENNM| eo0o00| 1600 1 1200 1 1200 1 0 1.000
Volume Modifiers Turning Volumes (veh/hr) Arrival Volume Ratios Arrival Volume Times (min) —
Leg Mame %Truck Factor | | | utum | Edt2 | Eit1 | Bypass Ratio1 | Ratio2 | Rafio3 | Timed [ Time2 | Time3
|1]sB 20 1.00 ] 30 338 0 0.900
i MNB 20 1.00 0 318 1 407 0.900
L3 |we 2.0 1.00 ] 559 44 ] 0.900
D Calibration | D Accidents | E Econamics ‘ D Bypass ‘
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (vehi/hr) | Capacity (veh'hr) Ave VCR Ave Del (seciveh) Max Q (veh) Max ©185% (veh) LOSAF
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
| 1(sB Mone 410 610 592 0.6926 15.35 16.35 202 5.03 C C
i MNB Yield 354 452 33 34 902 866 | 03929 05307 5.95 T7.97 7.08 0.62 1.07 1.61 275 A A A
|3 |we MNone 670 353 746 0.8978 24.98 24.98 5.78 13.24 c c
All| Intersection 15.24 C
4 Results 60 < Results 15 |+ Int / Slope - 50] 4 Int / Slope - 15] % Economics | € Global Results

Flagstaff, AZ — Fourth& Cedar / Lockett
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North Roundabout
OD-w=fdasSlkal + 2 il
Project |Proiect-1 Date [27-Nov-2020 Model [Rodel 2017 =] | Timeslice [15 | | [Full Geametry =] Peak|PM ~| |[Feet ~| RHD
Name [Double - North mdbt Flows | 2030 ~|| Delay|dueuna | | Results [veh v| |Peak0/15m =] | |PHF Flow Frofile ~|  conf 50 | Lot | |2
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegMame |+| Bearing |G| V | n E | n it | R \ © D c | n Ex n Vi \ n —+Cap (wh) | XwalkFact
| 1|3B ki of of 1100 1 13.00 1 33.00 45.00 25.00 90.00 16.00 1 1300 1 1200 1 0 1.000
LNE T 180 O MO0 1 1300 1 33.00 45.00 2500 90.00 16.00 1 13.00 1 12.00 1 0 1.000
(3 |we Y a70| o 1100 1 1300 1| 2300 4500  [EON| 9000|1600 1 13.00 1 1200 1 0 1.000
Volume Modifiers Turning Yolumes (veh/hr) Arrival Yolume Ratios Arrival Yolume Times {min) —
Leg Mame STruck Factor ‘ ‘ ‘ U-Turn ‘ Exit-2 | Exit-1 Bypass Ratio1 | Ratio2 | Ratio3 | Time1 ‘ Time2 | Time3
‘I_SE 50 1.00 0 12 136 0 0.900
| 2 |NB 5.0 1.00 0 204 0 614 0.900
|3 |WwB 5.0 1.00 0 453 8 ] 0.900
D Calibration ‘ D Accidents | D Economics | E Bypass |
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity (veh/hr) Ave VCR Ave Del (secheh) Max Q (veh) Max Q95% (veh) LOSA-F
Results Type Entry | Bypass | Entry | Bypass | Entry | Bypass | Eniry | Bypass | Entry | Bypass | Leg Entry | Bypass | Entry | Bypass Entry| Byp | Leg
|1|sB MNone 164 503 793 0.2074 5.06 5.08 0.24 0.64 A A
|2 |NB Yield 227 682 13 13 1049 1049 | 0.2161 0.6617 382 8.74 7.54 0.26 1.81 0.68 453 A A A
L3 |we MNone 512 227 954 0.5371 6.73 6.73 1.03 264 A A
All [ Intersection 7.02 A
4 Results 60 < Results 15 ‘¢ Int / Slope - 60 I 4 Int / Slope - 15] $ Economicsl @ Global Results]
2019 PM 85% CL
Project [Project-1 Date [27-Nov-2020 Model [Rodel 2017 = | Timeslice [15 | | [Full Geomstry =| | Peak|PM »| | [Feet ~| RHD
Name [Double - North mabt Flows | 2030 ~|| Delay|Queura | | Results |veh v| |Peak0/15m  w| | |PHF Flow Frofie | | conf 8 | |Light «| |3
Approach Geometry Entry Geometry Circ Geom Exit Geometry Entry Capacity Mods
LegName [+| Beaing [G]| v [n E [n r [ R [ @ D c [n Ex n v |n ~+Cap (vih) | Xwalk Fact
| 1|58 Y o) 0] 1100 1 1300 1 33.00 45.00 25.00 90.00 16.00 1 13.00 1 12.00 1 ] 1.000
| 2 |NB Y 180 0| 1100 1 1300 1 33.00 45.00 25.00 90.00 16.00 1 13.00 1 1200 1 0 1.000
(3 |we ¥ 270| o 1100 1 1200 1| 3300 4500  ENQ| 90.00| 1600 A 13.00 1 1200 1 0 1.000
Volume Modifiers Turning Volumes (vehinr) Arrival Volume Ratios Arrival Volume Times (min) PLF
Leg Name sTruCk Factor | | | uum | Extz [ Ext1 [Bypass| | Ratio1 | Ratioz | Ratio3 | Time1 | Timez [ Time3
| 1|sB 5.0 1.00 0 12 136 0 0.900
| 2 |NB 5.0 1.00 0 204 0 614 0.900
i WB 5.0 1.00 0 453 g 0 0.900
D Calibration ‘ D Accidents | D Economics | D Bypass |
Peak 15min Bypass Flow Rate (veh/hr) | Opp Rate (veh/hr) | Capacity (vehihr) Ave VCR Ave Del (seciveh) Max Ct (veh) Max ©195% (veh) LOS A-F
Results Type Entry | Bypass | Entry | Bypass | Entry |Bypass| Entry |Bypass| Entry | Bypass| Leg Enty | Bypass | Enty | Bypass Entry| Byp | Leg
|1|sB Mone 164 502 606 0.2716 7.09 7.08 0.35 0.90 A A
|2 |NB Yield 227 682 13 13 848 848 | 0.2672 08317 513 17.22 14.20 0.34 373 0.89 8.91 A C B
L3 |we Mone 512 227 766 0.6687 10.60 10.80 1.69 4.28 B B
All | Intersection 12.37 B
< Results 60 < Results 15 |+ Int / Slope - 60] < Int / Slope - 15] $ Economics | @ Global Results
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APPENDIX B

11x17 Concept Design Layouts:
Alts A-E (Grey Scale)
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APPENDIX C

11x17 Concept Design Exhibits:
Alts A, B, Bl, B4, C, C4 (Colorized)
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