apl orridor

C-470 Express Lanes Feasibility Study
Final Report

June 2005

Submitted To: E

CDOT Region 6
2000 S. Holly
Denver, CO 80222

i . WILSON
Submitted By: O (AN
PBS&]
4601 DTC Boulevard, Suite 700
Denver, CO 80237







C-470 Express Lanes Feasibility Study Table of Contents

TABLE OF CONTENTS

ES.0 EXECUTIVE SUMMARY .....coiiiiinininininneinsinessessessissssssisesisesssssssssssessesss ES-1
ES1 BACKGROUND......cciiiiiicee et ES-1
ES.2  STUDY PROCESS .......ccoeiiiiiiiiiiiiiiiiiiciicicisicieeee e ES-1
ES.3 SCREENING PROCESS .........ccccoiiiiiiiiiiiiiciiicccc s ES-2
ES4  CONCLUSION. ..ottt ES-4
1.0 INTRODUCTION.....iiiritieninnnsesenisssescsssssssssesssssssssssssssssssssssssssssssssssssssssssseses 1-1
1.1 C-470 CORRIDOR HISTORY .....ccoiiiiiiiiiiiiiiiiiiiciiiceccr s 1-1
1.2 C-470 CORRIDOR NEEDS .......c.ccociiiiiiiirieciireeeeee et 1-3
2.0  METHODOLOGY ...uuoivisirisisisisssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 2-1
21 C-470 STUDY AREA......oooiiiiiisiriest ettt 2-1
22 STUDY GOALS AND OBJECTIVES. ........ccccoviriiiiiriiiieeeeeee 2-1
23 STUDY APPROACH ......ccooiiiiiiiciic e 2-1
231 C-470 Corridor Environmental Assessment ............ccccccveuiuciinniccicnennnes 2-3
232 Value Engineering (VE) Study ........ccccccviiiniiiiiniiiiiiiiiiicce 2-4

3.0 BACKGROUND ....teteteennisistenessnssssssssssssssssesssssssssssssssssssssssssssssssssssssssssssssses 3-1
31  COLORADO TOLLING ENTERPRISE ........cccccoovnininninininiiniiiniiiccncccnene 3-1
3.2 MANAGED LANES ..ot 3-2
3.21 Value Pricing Lanes ..........cccoeviviiinieiniiiniicinciecieteceeeeeeeeeveeenene 3-2
3.2.2  Value Pricing Pilot Program (VPPP).......cccccooiiiiiniiiiiiccicce, 3-3
3.2.3 Value Pricing Corridors Currently in Operation around the Country .....3-4

3.3  PUBLIC PRIVATE INITIATIVE......ccocooiiiiiieciee e 3-6
4.0  EXISTING CONDITIONS.......coouirirrnenerinennnennnnnenesnsesessssssssssssssssssssssssssssssssssssses 4-1
41  HIGHWAY GEOMETRIC FEATURES........cccccceoviiiiiiiininiiiiiciciicceceeeeee, 4-1
411 Typical SECHION. .....ccvcuiiiiiiiciiciictccee e 4-1
41.2  Horizontal ALgNMeNt ...........ccccooiiiiiiiiiiiiicceccceea 4-1
413 Vertical AlIgNment...........cooiiiiiiiiiiiiccrc e 4-1
414 Interchange and Ramp Configurations .............cccoeceeevinnirccicnnncccnennnns 4-2
41.5 Pavement Conditions ..........cccceviiuiiiiiiiniiiiiiiiic e 4-2
41.6 Structure CoNditions ... 4-3
41.7 Santa Fe Drive over C-470.........cccocooviiiiiiiiiicccce 4-3
4138 C-470 over the Platte River..........ccccocoiiiiiniiiiiicce, 4-3
419 Planned Transportation Improvements ............cccoecceeveinecnncniniccnncennen 4-3

42  EXISTING TRAFFIC CONDITIONS........ccccoiiiiiiiiiiiniiccccee s 4-5
421 Existing Average Daily Traffic Volumes...........c..cccccoecniiiiinnncicncnnnes 4-5
422 Hourly Distribution...........cccooiiiiiiiiiiniiiiiiicce 4-9
423 Vehicle Classification............cccccovviiiiiiiiiniiiiiicccce 4-9
424 Travel Time Observations............cccccviiiviniiiiiiiiiii e 4-10
4.2.5 Levels of Service/DenSiti€s .........cccueeievuieciieieniieieeieieeeeeeese e eeeens 4-11
4.2.6 Congestion/Queue Observations.............ccccveirerevinicineenineineeieeseenenes 4-12
427 Speed Profiles ........c.ccvieuiriiiiiniiiieiicccececee e 4-12
4238 SALELY ... 4-14

‘Warridor



Table of Contents C-470 Express Lanes Feasibility Study

5.0 PUBLIC INVOLVEMENT.......crinrnteeinninsnteennnssesessssssssssssssssssssssssssssssssssses 5-1
51  OVERVIEW. ..o 5-1
511 Project Management Team ...........ccccooviiiiiiniiiiiiic 5-1
51.2  Techncial Working Group ..........cccccevicuiinininiiiiiiicccsecccceseeeee, 5-1
513 Executive Working Group..........ccccceeiviiiiiiiniiinicicccccccccccees 5-2
514 Open Houses/ WorKShops........c.ccoveiriinncneinncnececeneeseeceeeeeee 5-2
515 INEWSIEOTS ... 5-2
5.1.6 Small Group Meetings..........ccccccouvuiiviiiiiniiiniiiiiiicceeee e 5-2
51.7 Project WEDSIte ........c.coviuiirieiiiiiiciiccctc e 5-3
51.8 Agency Coordination/Project Stakeholders............cccocccveiineinninncnnnee. 5-3
519 PUDLiC ACCEPLANCE ...ttt 5-4
52  C-470 FOCUS GROUPS ........ccooiiiiiiiiiiiiicii e 5-4
53  STATED PREFERENCE SURVEY ......cccoooiiiiiiiiiiiincccrreceeeeeeeeeseenes 5-5
531 Toll Sensitivity CUIVES .......ccccoeiiriiiiiiiiciccccee e 5-6
53.2 Value of Time Calculations.............ccccccvviviiiiiiiiiiiiicces 5-8
6.0 FUTURE TRAFFIC CONDITIONS.......ccvrniririeiinrinesnnssssssesensnssesssessssssseseseses 6-1
6.1.1 Average Annual Daily Traffic..........cccccooiiiiiiiiiiiiicccce, 6-1
6.1.2 Peak HOUTS ... 6-2
6.1.3 Travel Time ObSservations...........ccocceeirririeeiniriricicceeeeeee e 6-2
6.1.4 Levels of Service/DenSities .........cceevuieieerieiieeieireeeieeeeere et 6-2
6.2 TRAFFIC MODELING .......ccccioiiiiiiiiiiiiccccss s 6-10
6.2.1 Initial Toll Diversion Forecasts Using Travel Demand Model................. 6-10
6.2.2  Forecasts and Traffic Operations Using Micro-simulation Model .......... 6-10
6.2.3 Calibration of AIMSUN Model..........cccooiiiiinniiiiiiiiiiicccia, 6-12
7.0  PROJECT ELEMENTS .......oiiiiiinnenneneninnsinienesessessessssssssssssssssssessesessssssases 7-1
7.1  DESIGN CONSIDERATIONS.......cocooiiiiiiiiccinee et 7-1
711 Design Criteria........cccooiviiiiiiniiiiiiiiciii 7-1
71.2 Key Design ISSUES ..o 7-5
71.3 Methods of Separation ............cccceeeeeinieinineninieinecceeeeee e 7-5
714 Buffer Separation............ccoeveeiiiinieiniiiniiincce e 7-7
7.1.5 Tubular Marker Posts...........cccocoiiiiiiiiiiiciccccre s 7-7
7.1.6 Curb and Marker ... 7-7
717 Concrete Barrier ... 7-8
7.18 Selection of Final Typical Section ..........ccccccocceeiririicininniccinrecccceeenes 7-8
7.1.9 ACCESS TYPES ..ottt 7-11
7.1.10  Toll Collection Scheme.............cccoiuiiiiiiiiiiiiiie 7-12
70111 SIGNENG ...eiiviiiiiiiiiiiiiiiciccee e 7-16
7112 Intelligent Transportation Systems (ITS).........cccccoooivniiiiiiniiiiiicne. 7-18
7.2 COST ESTIMATES........coiiiiiiiiiccce e 7-19
7.21 Roadway Capital COStS........cceuiriririiiiiiirieieceirc e 7-19
722 Toll Equipment Capital COStS .....c.covveuireririnieinieiniricieecreceeeeeneeeceeeene 7-20
723 OPperations COSES ......cceviririririeieieecteeeee e 7-21
724 Maintenance COStS..........covvviiiiiiiiii 7-22

ii

‘Warridor



C-470 Express Lanes Feasibility Study Table of Contents

7.3 FINANCIAL FEASIBILITY ANALYSIS ......cccooiiiiiiiiiiiiicccccaen, 7-23
7.3.1 Debt Financing Considerations...............ccoeeveecineinieininenineenecieeenen, 7-23
7.3.2 Determination of Toll Structure............ccccccociiivniiiiiniiiiiiic, 7-24
7.33 Revenue and Feasibility Calculations............cccoccociiniiciiiinniciiiines 7-25

8.0 ALTERNATIVES SCREENING.......cuiiitintintininininisnisisessessissssssssessessessens 8-1

81  STEP 1. CORRIDOR CAPACITY ANALYSIS.......ccccomiiiiniicciereccerienes 8-1
8.1.1 Existing Conditions ANalysis ........c.ccccceeiviiviiininiiiiniiiicicccecseeeeene 8-5
8.1.2 2025 Conditions ANAlYSIS .......c.ccceeiviiiriiiiinieiniccceeeee 8-5
8.1.3 Cursory Feasibility Assessment of I-70 to Morrison Road ............ccc......... 8-6
8.1.4 Four-lane Barrier Separated Concept.......ccocecuveuivirccineinieininciniccnicnen 8-6
8.1.5 Reversible Express Lane COoncept........cccoeevvueinieininieninicenieeninrceniceneeneenne 8-7
8.1.6 Single Express Lane Concept ...........cccccoviiiiiininiiiiiiniccccescccceeas 8-8
8.1.7  Conclusions of the I-70 to Kipling Parkway Analysis........c.ccccccoeevrurununnnee. 8-8
8.1.8 Phasing Plan for Kipling Parkway to I-70...........ccccccceviiiniinniiniiiine. 8-8

8.2  STEP 2. PRELIMINARY SCREENING OF ACCESS LOCATIONS................... 8-8

8.3  STEP 3. QUALITATIVE SCREENING OF ACCESS LOCATIONS................... 8-9

84  STEP 4. QUANTITATIVE SCREENING OF ACCESS LOCATIONS.............. 8-10
8.4.1 Access AIternatives............cccciiiiiiiiiiiiiinicicic e 8-11
8.4.2 DIrect ACCESS.......cviiiiiiiiiiiiiicc s 8-15
8.4.3 Fourth Level Screening Criteria...........cccccviiviiiiiniiniiiniciiciicce, 8-15
8.44  Projected Traffic VOIUMES..........ccceuiiiiniiiiiiiiiccccee e 8-15
8.4.5 Interchange Reserve Capacity.......ccccccveiviniiniiiniiiniiiiniciececeeeee 8-16
8.4.6 Geometric CONStraints.........coeiviiiiiiiiicc e 8-16
8.4.7 Express Lane and General Purpose Lane Operations............ccccccceveueunne 8-17
8.4.8 ACCESS SPACING.....ovviiiiiiiiiiiiiiicc e 8-17
8.49  Financial Feasibility ...........ccccooiiiiiiiiiiiiicccce 8-17
8.4.10  Selection of Final Access Configuration .............cccccevueciinniniiicininecnenn. 8-18

9.0 OPTIMIZATION OF FINAL ALTERNATIVE ......iinrninrnrnnnnessnssssssesesesesenes 9-1

91  ACCESS LOCATION REFINEMENT ........cocooviiiiiiiiiiiiiiccccce 9-1
911 [-25 INterChange.......c.coveueieieiiiciiiciccc e 9-1
9.1.2 (@ DT oTTall 5 <] AR 9-3
913 Colorado Boulevard.............cociiiiiiiiiiiiciiiccccece e 9-3
914 Lucent Boulevard. ... 9-4
915 Wadsworth Boulevard ... 9-4
9.1.6 Final Access Alternative...........cccovuiiiiinniiciiniinccceeeee e 9-5

9.2 FINANCIAL FEASIBILITY OF FINAL CONFIGURATION.........ccccoevviiurunee. 9-8
9.21 Toll Rate Optimization .......c.coecererieirinirieinencencereee e 9-8
922 Roadway Design Capital Cost Estimates ..........ccccccecuveinieenincciniccninicnnee 9-9
923 Toll Collection Fees............ccccooiiiiiiiiiiniiiiiiicccccas 9-10
9.24  Financial Feasibility of Final Configuration............c.ccccccccoivviiiiiinnnnnne. 9-10

93  TRAFFIC OPERATIONS OF LOCAL ARTERIAL NETWORK...........cccccc..... 9-17

94  ROW REQUIREMENTS........ccocoiiiiiiiiniiiinireeet et 9-18

9.5 HIGH-OCCUPANCY VECHICLE COMPONENT .......cccccovvinininiiniiiiinn. 9-19

i
gl orridor



Table of Contents C-470 Express Lanes Feasibility Study

9.6 TRANSIT COMPONENT ......cocoooiiiiiiiii e 9-20
10.0 FUNDING PLAN .....uuiirieieteininnsissssssssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 10-1
10.1 STRATEGIES TO LEVERAGE TOLL REVENUES. ..........ccooiiiiiiiicnn, 10-1
10.2  SUPPLEMENTAL FUNDING.......ccccooiiiiiiiiiiii e 10-2
10.2.1  Metropolitan Planning Organization Process.............ccccccoceviiiiiininicnnne. 10-3
10.2.2 TABOR.....oooic s 10-3

11.0  CONCLUSIONS .....coieieirirrrrnsnssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 11-1
11.1  PHASING PLAN. ...t 11-1
11.2  IMPLEMENTATION STEPS ........ccocooiiiiiiiiiiiicecicceeeeeeeeeeeeeanee 11-4
11.21  Carry Express Lanes Alternative Forward into EA ... 11-4
11.2.2  Complete Funding Package...........cccccceoiviniiiiiinniiiiinccceeeeeceeees 11-4
11.2.3  Amend RTP to Include Express Lanes Alternative.........c.cccocccevveeneueennee 11-5
11.24  Issue Design Build Contract..........cccccocueiiniiiniiiiiniiiicicicccccce 11-5
11.2.5  Traffic & Revenue Study ..........cccccviiiiiiiiniiiniiiiiciccccccceee 11-5
11.2.6 BONAING ..ottt 11-5
11.2.7  COonSrUCtiON .....coviiiiiiiiiiic s 11-5

LIST OF FIGURES

Figure ES.1 Proposed/Access Configuration .............ccccccoeeiveriiiciininiiciiniiiccccens ES-4
Figure ES.2 Proposed/Phasing Plan ..o ES-7
Figure 1.1 VIicinity Map ..o 1-2
Figure 2.1 Study ATea.......cccoouvuiiiiiiiiiiiiiiiiciic e 2-2
Figure 4.1 Existing Freeway Volume (View 1) .......ccccoceviviiiniiniiiniiicicicciece 4-6
Figure 4.2 Existing Freeway Volume (View 2) ........cccoccoviiiiniiiniiiiniinicicicceeee 4-7
Figure 5.1 Time Saved Per Mile as Function of Cost Per Mile ...........cccccccevvreciniinninnee 5-7
Figure 5.2 Cost Per Mile as Function of Time Saved Per Mile ...........ccccccccevvieiniinncnnne. 5-8
Figure 6.1 Projected AM Peak Hour Volumes..............cccccciiiiiiiiiniiiiiiiiiiicccene, 6-3
Figure 6.2 Projected PM Peak Hour Volumes ..............ccccccoviiiiiiniiiiiiiiicccncccne, 6-4
Figure 6.3 PM Peak Hour Travel Times..........ccccocccciirininiiinnnicccineeceereee e 6-5
Figure 7.1 Methods of Separation.............ccccccuveiiiiiiniiiniiiiicicciceeeece e 7-6
Figure 7.2 Typical SeCtiON .......ccccocuiiiiiiiiiiiiiiiciicccccc e 7-10
Figure 7.3 ACCeSS TYPES .....oouiiiiiiiiiiiiiiiiiiiccc s 7-11
Figure 7.4 Typical Toll Collection Zone.............cceueerieuiinieinieinieieinieiieeeeeeereeseeeeenene 7-14
Figure 7.5 Toll Collection Scheme .............cccccooiiiiiiiiiiiiiicccccee e 7-15
Figure 7.6 Conceptual Signing Plan ............cccccciiiiiiiiiiiicnececnecccees 7-17
Figure 7.7 Example Dynamic Message Sign Sequence..............ccccccovvniniiiinininiccncinnnnes 7-19
Figure 8.1 C-470 Corridor Map ......ccccoeuiiiiririiecirecccreee e 8-2
Figure 8.2 V/C Comparison - Existing (2003).........ccccceceviriiniininiiiniiiicinccneceecens 8-3
Figure 8.3 V/C Comparison - Projected (2025)........cccceoeviriiniininiiiniiiiiiciiccieceen, 8-4
Figure 8.4 Access Configuration for Alternatives 1 through 10............ccccccceiiiiinin, 8-13
Figure 9.1 I-25/C-470 Interchange............cccocccuveuirinieiinieiniiciniciccecteeeeeeeee e 9-3
Figure 9.2 Projected AM Peak Hour Volumes Final Configuration............c.ccccccccevennnnes 9-6

‘Warridor



C-470 Express Lanes Feasibility Study Table of Contents

Figure 9.3 Projected PM Peak Hour Volumes Final Configuration.............cccovvinnnnnne. 9-7
Figure 9.4 Proposed Typical SeCtion ........cccoccevirueinieuiniiiiiniciniciiciiccieceeeeeeveee 9-11
Figure 11.1 Proposed Final AIternative ..........cccccoeevieecinieinieinincinciccenccseeeeeenee 11-2
Figure 11.2 Potential Phasing Plamn .............cccccoiiiiiiiciicccccccccas 11-3
LIST OF TABLES
Table ES.1  Summary of Financial Feasibility Analysis...........ccccoeoeviiciniiniinncnnee. ES-5
Table 4.1 Existing Hourly Distribution ... 4-9
Table 4.2 Heavy Vehicle Volumes along C-4701...........ccccccciiniiiiiiinniiiinnicccceeeenes 4-9
Table 4.3 Summary of AM Travel Time Observations (S€c)..........ccccevueueeceriruruccvnnnnes 4-10
Table 4.4 Summary of PM Travel Time Observations (S€c)..........ccccceeueueueerrrucccnnnnas 4-11
Table 4.5 AM/PM Peak Hour C-470 Freeway Segment LOS/Density Summary ........ 4-12
Table 4.6 Summary of AM Average Speed (Mph) .......cccccccoviiiiiniiniiiiiiieee 4-13
Table 4.7 Summary of PM Average Speed (IMPh)......c.ccoeiviiiiiniiniiniiciciicceeeen, 4-13
Table 5.1 Value of Time Summary Table...........cccccoeoiviriiniiniiiiicicecccceeeee 5-9
Table 5.2 Value of Time Calculation for Corridor Users.............ccccccoviiiiiininicciinnnnes 5-11
Table 6.1 AM/PM Peak Hour Intersection Delay and Levels of Service.......................... 6-6
Table 6.2 AM Peak Hour Freeway Levels of Service/Density...........ccccccorecicinncccnne. 6-8
Table 6.3 PM Peak Hour Freeway Levels of Service/Density.........c..cccceeiviiniinncnnne 6-9
Table 7.1 Roadway Design Criteria..........cccoccoiviiiiiniiiniiiiiiiiciiccciececeeceeee 7-3
Table 7.2 Roadway Capital Cost Unit Prices.......c..cccoeeviveineininciiniciiicinccnccieecnene 7-20
Table 7.3 Toll Equipment Capital COStS ........cecevirieinieiiriciniciiicccceeeeeeeaee 7-21
Table 7.4 C-470 Express Lane Operations COStS.........ccccuveireininecineinieeneneeneeneeeeeenene 7-22
Table 7.5 C-470 Express Lane Maintenance COSsts..........cocccureirirrerineinieenincenieenieneeenene 7-23
Table 7.6 Toll Rate SrUCLUTE...........c.coiciiiiiiiiiiriec e 7-25
Table 8.1 Preliminary Access Location Screening.............cccoevvvvnnnnnnnnnninniienen, 8-9
Table 8.2 Qualitative Access Location SCreening ..............ccceeevvveinicinininincinecnineenen. 8-10
Table 8.3 Fourth Level Screening SUummary ...........ccccccceveinieiiniiincinniincecieenes 8-19
Table 9.1 Toll Schedule Final Configuration............cccoeevieecinieininiccinieiniecieccncceeenee 9-9
Table 9.2 Financial Feasibility Analysis with 5.5% Bond Rate and 1.75 Senior Lien/ 2.19
Subordinate Lien..........ccccoiiiiiiiiiii e 9-13
Table 9.3 Financial Feasibility Analysis with 6.0% Bonding Rate and 1.75 Senior Lien/
2.19 Subordinate Lien..........cccccoiiiiiiiiininiiiiiec e 9-14
Table 9.4 Financial Feasibility Analysis with 5.5% Bonding Rate and 1.75 Senior Lien/
2.99 Subordinate Lien ..........cccoiiiiiiiiiiiiiic e 9-15
Table 9.5 Financial Feasibility Analysis with 6.0% Bonding Rate and 1.75 Senior Lien/
2.99 Subordinate Lien ...........ccccoviiiiiiiiiiiiiiii e 9-16
Table 10.1 Toll Revenue Leveraging Techniques............c.ccccccoiviiiiiiinniiiiiniicicn, 10-2

warridor



Table of Contents C-470 Express Lanes Feasibility Study
APPENDICES

Appendix A CDOT Draft Traffic Safety Chapter

Appendix B C-470 Focus Groups Executive Summary

Appendix C Stated Preference Survey Executive Summary

Appendix D [-25/C-470 Conceptual Signing Layout

Appendix E [-25/C-470 Interchange Design Alternatives

Appendix F Colorado Boulevard Interchange Analysis

Appendix G Roadway Cost Estimate for Final Alternative

Appendix H  Operational Analysis of the C-470 Ramp Complex

vi

Wrridar



C-470 Express Lanes Feasibility Study Acronyms and Abbreviations

ACRONYMS AND ABBREVIATIONS

A

AADT Average Annual Daily Traffic
AASHTO  American Association of State Highway and Transportation Officials
ADT Average Daily Traffic

AVI Automated Vehicle Identification

C

CDOT Colorado Department of Transportation
CDOW Colorado Division of Wildlife

cIp Capital Improvement Plan

CTC Colorado Transportation Commission
CTE Colorado Tolling Enterprise

D

DMS Dynamic Message Sign

DOT Department of Transportation
DRCOG Denver Regional Council of Governments
DTC Denver Tech Center

E

EA Environmental Assessment

EIS Environmental Impact Statement

EL Express Lane

ELFS Express Lane Feasibility Study

EPA U.S. Environmental Protection Agency
ETL Express Toll Lane

EWG Executive Working Group

F

FHWA Federal Highway Administration
FONSI Finding of No Significant Impact

FTA Federal Transit Administration

G

GPL General Purpose Lane

H

HCM Highway Capacity Manual

HCS Highway Capacity Software

HOA Home Owners Association

I

ITS Intelligent Transportation System
LOS Level of Service

M

MPH Miles Per Hour

N

NEPA National Environmental Policy Act
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O&M
P
PMT
R
ROW
RTD
RTP

SH
STIP

T&R
TABOR
TAZ
TEA-21
TMC
TWG
TxDOT

USACE
USBOC
USFWS

V/C
VE

VMT
VPPP

Operation and Maintenance
Project Management Team

Right-of-Way
Regional Transportation District
Regional Transportation Plan

State Highway
Statewide Transportation Improvement Program

Traffic and Revenue

Tax Payers Bill Of Rights

Traffic Analysis Zone

Transportation Equity Act for the 21st Century
Traffic Management Center

Technical Working Group

Texas Department of Transportation

United States Army Corps of Engineers
U.S. Census Bureau
United States Fish and Wildlife Service

Volume to Capacity Ratio
Value Engineering

Vehicle Miles Traveled
Value Pricing Pilot Program
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