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1. Introduction/Background 

In March 2008, working with the Colorado Department of Transportation (CDOT) and Federal Highway 
Administration (FHWA), the City and County of Denver (CCD) completed the South Broadway Environmental 
Assessment (EA) and Section 4(f) Evaluation. The accompanying Finding of No Significant Impact (FONSI) was 
approved in November 2008. The proposed improvements included improvements to Mississippi Avenue 
between the Consolidated Main Line (CML) Railway tracks and Logan Street, and South Broadway between 
Arizona and Exposition Avenues.  

A reconfigured interchange at I-25/Broadway was included in the overall federal action analyzed in the South 
Broadway EA and Section 4(f) Evaluation and FONSI. The purpose of the project is the same as that 
documented therein. A combined System Level Study (SLS) and Interstate Access Request (IAR) was completed 
in January 2008. 

The CCD, in cooperation with CDOT and FHWA, is implementing the I-25/Broadway interchange 
reconstruction. Interagency discussions determined that an update to the original IAR would be required due to 
the time elapsed and refinements to design since the original approvals. 

The I-25/Broadway interchange is located along Interstate 25 (I-25) at approximately milepost 207, and the 
reconstructed interchange would remain at this location. Figure 1 illustrates the interchange study area, which 
includes mainline I-25 between Santa Fe Drive and Washington Street. This section includes all I-25/Broadway 
interchange ramp junctions and the adjacent ramp junctions associated with the south Santa Fe Drive and 
Washington Street interchange connections.   



Figure 1. Vicinity Map
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2. Update Forecasting Approach 

A planning horizon year of 2030 was applied to the 2008 combined SLS and IAR. The update for the 
I-25/Broadway interchange uses a Year 2050 planning horizon. The travel demand model results from the 
Denver Regional Council of Governments (DRCOG) Focus 2.3 activity-based travel demand model were used 
to prepare Year 2050 forecasts. The model meets federal and state planning process requirements and was 
calibrated and validated by DRCOG.  

The Denver Design District—a site bounded by Alameda Avenue, Broadway, Exposition Avenue, and the CML 
Railway – is anticipated to redevelop in the future. The potential traffic volumes generated by this 
redevelopment are not fully captured in the forecasts from Focus 2.3. To understand the potential impacts of 
the proposed redevelopment on the study area roadway network as well as to ensure the viability of the 
Current Design, the project team conducted a sensitivity analysis of the travel demand forecast. The results of 
the sensitivity analysis are provided in a memorandum at the end of Appendix A.   
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3. Definit ion of Alternatives 

3.1  2050 No Action Scenario 
The No Action scenario considers the current roadway network and all committed improvement projects with 
respect to anticipated travel demand growth by Year 2050. No improvements are planned for Broadway or 
Lincoln Street or any cross streets within the area. Similarly, no committed improvements are planned for 
portions of the I-25 mainline and its interchanges within the study area. 

3.2  2050 Design 
The interchange design documented in and approved via the 2008 IAR would: 

 Realign Kentucky to the north to combine with the I-25/South Broadway Interchange movements, 
eliminating one signalized intersection and improving overall operations of South Broadway. 

 Provide a new ramp, referred to as the wedge ramp, with grade separation for heavy southbound South 
Broadway to southbound I-25 demand. Southbound South Broadway access to the ramp would be 
controlled as part of the signal at South Broadway and Ohio Avenue. 

 Make improvements to the intersection of Ohio Avenue and the northbound I-25 ramps, including: 

 Signal at the intersection to provide pedestrian crossing time and to prioritize the higher demand 
movements 

 Close segments of Lincoln Street that access the houses inside the ramp. The existing five-legged 
intersection is a more standard 4-legged intersection in the build scenario. 

 Improved design speed for northbound I-25 hook ramp. While not part of the No Action 
Alternative, the existing northbound I-25 on-ramp includes a ramp with substandard design speed. 
The Design incorporates a new ramp in roughly the same location as the existing ramp but with 
significantly improved design speed (24 miles per hour [MPH]). 

 Channelized right turn lane added to provide positive guidance to on-ramp traffic eastbound on 
Ohio Avenue. All ramp traffic should be in this lane. Overhead signage will reinforce lane 
assignments and further inform drivers not to turn the wrong way on the off-ramp. 

 Channelized westbound Ohio Avenue prevents access from the neighborhood street. Access to the 
interstate is from the arterials only. The island barrier provides an opportunity for ground level signs 
reinforcing the turn restriction. 

 The approved design will provide pedestrian and bicycle enhancements as follows: 

 Minimum 13.5-foot sidewalks (including an amenity zone) along all roadways constructed as a part of 
the Design 

 A multiuse trail of a minimum of 15 feet (including an amenity zone): 

 From the intersection of Ohio Avenue and the northbound I-25 off ramp on the south side of 
Ohio Avenue, continuing on the east side of South Broadway to the South Broadway/Kentucky 
Avenue/I-25 southbound off-ramp intersection. 

 On the west side of South Broadway from the intersection with the new southbound I-25 
on-ramp to the South Broadway/Kentucky Avenue/I-25 southbound off-ramp intersection 
continuing to the transit station on the north side of Kentucky Avenue 
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Figure 2 depicts the Approved Design as documented in the 2008 IAR. 

Figure 3 depicts the Current Design, incorporating refinements that have occurred over time in coordination 
with CCD, CDOT and FHWA. As shown, the basic configuration and features are consistent with the 2008 IAR 
design, with refinements described as follows: 

 The South Broadway/Kentucky/I-25 SB off-ramp Intersection is modified to:

o Add an additional approach lane to the I-25 SB off-ramp intersection approach to provide
additional vehicular storage

o Align the Kentucky Avenue approach to intersect with Broadway at a 90-degree angle rather
than a 45-degree angle

o Provide an exclusive right turn lane along the Kentucky Avenue approach.

 The NB ramp approach to the I-25 NB off-ramp intersection with Ohio Avenue is modified to provide a
flared exclusive right turn lane instead of a parallel exclusive right turn lane

 The Exposition Avenue alignment is perpendicular to the Bannock Street connection to the Broadway
Station rather than curving south toward the station traveling WB.

As shown on Figure 3, Phase 1 improvements complementary to the interchange reconstruction have been 
completed along Exposition Avenue and a segment of Broadway north of the interchange. The interchange 
reconstruction would occur with Phase 2 except for the I-25 NB on ramp loop modifications to be ultimately 
completed. 



Figure 2. 2008 IAR Approved Design
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Figure 3. Current Design
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4. FHWA Policy Consideration #1

FHWA Policy Consideration #1: An operational and safety analysis has concluded that the proposed change in access 
does not have a significant adverse impact on the safety and operation of the Interstate facility (which includes mainline 
lanes, existing, new, or modified ramps, ramp intersections with crossroad) or on the local street network based on both the 
current and the planned future traffic projections. The analysis should, particularly in urbanized areas, include at least the 
first adjacent existing or proposed interchange on either side of the proposed change in access (23 CFR 625.2(a), 
655.603(d) and 771.111(f)). The crossroads and the local street network, to at least the first major intersection on either 
side of the proposed change in access, should be included in this analysis to the extent necessary to fully evaluate the safety 
and operational impacts that the proposed change in access and other transportation improvements may have on the local 
street network (23 CFR 625.2(a) and 655.603(d)). Requests for a proposed change in access should include a description 
and assessment of the impacts and ability of the proposed changes to safely and efficiently collect, distribute, and 
accommodate traffic on the Interstate facility, ramps, intersection of ramps with crossroad, and local street network (23 CFR 
625.2(a) and 655.603(d)). Each request should also include a conceptual plan of the type and location of the signs 
proposed to support each design alternative (23 U.S.C. 109(d) and 23 CFR 655.603(d)). 

4.1  Operational Analysis – No Action and Current Design 
Traffic operations were analyzed for the 2050 No Action and Current Design to address whether significant 
adverse operational impact would occur with the implementation of the Current Design. Appendix A includes 
the I-25/Broadway SLS Update, which provides additional operational detail. The following three operational 
analyses were performed to address Policy Consideration #1: 

1. Surface Street Intersection Level of Service (LOS): The 2050 LOS at ramp terminal and
surrounding intersections is compared to identify whether the Current Design would adversely impact or
introduce any adverse operational condition in comparison with that of the No Action.

2. Queue lengths along interchange off-ramps: The results of 2050 surface street intersection analyses
were used to evaluate the Current Design and No Action to determine whether either would introduce
the potential for northbound or southbound off-ramp queues to extend up the ramps to impede mainline
traffic flow.

3. Freeway mainline, merge and diverge section LOS: The sections of I-25 throughout the interchange
area were evaluated for both alternatives to identify any significant differences.

Operational findings are described in the following subsections. 

4.1.1  Surface Street  Intersect ion Leve l  of  Serv ice (LOS) 
Eight surface street intersections within and surrounding the interchange were included in operational analyses 
of the 2050 No Action and Current Design. Figure 4 and Figure 5 depict the analyzed intersections for both 
alternatives.  
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F i g u r e  4 .  2 0 5 0  N o  A c t i o n  S u r f a c e  S t r e e t  
I n t e r s e c t i o n s  

F i g u r e  5 .  2 0 5 0  C u r r e n t  D e s i g n  S u r f a c e  
S t r e e t  I n t e r s e c t i o n s  

Table 1 compares surface street LOS between the No Action and the Current Design using the baseline traffic 
volume forecasts. Compared to the No Action scenario, several signalized intersections would experience 
improved operations under the Current Design.  

All intersections are projected to operate at LOS D or better in the Current Design, while some intersections 
would experience LOS E or worse conditions in the No Action. No adverse operational impacts associated with 
the Current Design are observed with these results. 

Table  1 .  2050 Intersect ion  LOS Compar i son  

Intersection 
No Action Current Design 

AM Peak PM Peak AM Peak PM Peak 

1 Broadway & Exposition Ave B B B B 

2 Lincoln St & Exposition Ave B B C B 

3 Lincoln St & Walsh Pl B B C B 

4 Broadway & Ohio Ave A E B C 

5 Broadway/Walsh Pl & Ohio Ave B B B C 

6 Lincoln St/I-25 Northbound Ramps & Ohio Ave F/F† F/F† B A 

7 Broadway & I-25 Southbound Ramps D E D D 

8 Broadway & Kentucky Ave D E N/A N/A 

† Unsignalized eastbound/westbound approach LOS. 
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4.1.2  Queue Lengths a long Interchange Off-Ramps 

Off-ramp 95th percentile queues were examined at the ramp terminal intersections for the I-25/Broadway 
interchange to evaluate whether queued vehicles would interfere with mainline I-25 traffic for the 2050 No 
Action and Current Design. The initial 95th percentile queue length calculations were performed using the 
Synchro analysis tool. This tool does not account for the spillback that would occur when a queue exceeds the 
available storage length. To account for these effects, an approximate queue length upstream along the ramp 
was calculated (Upstream Ramp Queue).  

In evaluating the potential for Upstream Ramp Queue interference with mainline I-25, stopping sight distance 
(SSD) along the I-25 Southbound Off-Ramp was considered. Off-ramps should provide sufficient distance to 
accommodate the physical queue of stopped vehicles, plus adequate SSD for exiting vehicles to slow to a stop 
before reaching the back of the physical queue.  

SSD was determined using methods identified in A Policy on Geometric Design of Highways and Streets (The 
Green Book).

1 A Policy on Geometric Design of Highways and Streets, 7th Edition. American Association of State Highway Transportation 
Officials. Washington, DC. 2018. 

1 The design speed for the off-ramp used to calculate SSD is based on the adjacent highway design 
speed. The design speed of mainline I-25 is 60 MPH, which corresponds to a ramp design speed range of 
30 MPH to 50 MPH. Using these design speeds, the range of SSD for the I-25 Southbound Off-Ramp was 
determined to be: 

 Upper Range (50 MPH): 474 feet 

 Middle Range (45 MPH): 415 feet 

 Lower Range (30 MPH): 215 feet 

Based on these measurements, the range of maximum upstream ramp queue lengths on the I-25 Southbound 
Off-Ramp that would not infringe on the SSD was determined to be: 

 Upper Range (50 MPH): 586 feet 

 Middle Range (45 MPH): 645 feet 

 Lower Range (30 MPH): 845 feet 

Table 2 provides Upstream Ramp Queue results for the 2050 No Action and Current Design. 

Table  2 .  No Act ion and Current  Des ign (2050)  Ramp Termina l  
Veh ic le  Queues  

Ramp Terminal 
Off Ramp Lane 

Length (ft) † 

95th Percentile Upstream Ramp Queue Length (ft) 

No Action Alternative Current Design 

AM PM AM PM 

I-25 Southbound 1,060 750 850 675 625 

I-25 Northbound‡ 3,430 650 350 650 325 

† The Off-Ramp Lane Length is measured from the ramp terminal intersection stop bar to the I-25 gore point. 
‡ The upstream ramp queue for the I-25 northbound off-ramp is measured from the Ohio Avenue intersection. 
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As shown, by 2050, the I-25 Southbound Off-Ramp queue would extend between 750 and 850 feet up the ramp. 
This distance would infringe on SSD from the gore point on mainline I-25 using the lower range of ramp design 
speeds. The I-25 Northbound Off-Ramp queue would extend between 350 and 650 feet up the ramp. This is 
short of the gore point from mainline I-25. 

In the Current Design, the I-25 Southbound Off-Ramp queue would extend between 625 and 675 feet up the 
ramp. This queue is substantially shorter than the queue estimated in the No Action scenario and would 
accommodate an SSD between 385 and 435 feet, near the middle range of ramp design speeds. The I-25 
Northbound Off-Ramp queue would extend between 325 and 650 feet up the ramp. This distance is short of the 
gore point from mainline I-25. 

Based on these analyses, off-ramp queue lengths associated with the 2050 Current Design would improve 
conditions in comparison with the 2050 No Action and would provide adequate stopping sight distance for a 
design speed of approximately 45 MPH along the Southbound Off-Ramp. 

4.1.3  Freeway Mainl ine ,  Merge and Diverge Sect ion LOS 
Figure 6 displays peak hour freeway LOS for I-25 within the study area for the 2050 No Action scenario. 
Mainline I-25 and the location of all interchange ramp gores would remain unchanged as part of the Current 
Design. As a result, freeway operations are not expected to change compared to the No Action scenario and 
these findings are applicable also to the Current Design.  

As shown, most freeway segments would operate at LOS D or better during AM and PM peak hours, with 
several exceptions. On northbound I-25, the basic freeway segments south of the study area, south of the 
Broadway/Lincoln Street on-ramp, and north of the study area would operate at LOS F during the AM peak 
hour. Additionally, the northbound basic freeway segment south of the study area would operate at LOS E 
during the PM peak hour, as would the segment between the Broadway/Lincoln Street and Santa Fe Drive ramps 
during AM and PM peak hours. 

No adverse operational impacts to freeway traffic operations are associated with the implementation of the 
Current Design.  

4.1.4  Traff ic  Operat ions Sensit iv ity Analys is  F indings 

The project team prepared traffic operations sensitivity analyses to understand the potential impacts of 
proposed redevelopment on the study area roadway network and to test the operational findings for the 
I-25/Broadway interchange. These sensitivity analyses accounted for traffic volumes generated by redevelopment
potential within the Denver Design District-volumes not fully reflected in the DRCOG Focus 2.3 activity-based
travel demand model. The 2050 No Action and Current Design were both analyzed. The full sensitivity analysis
results are described in Appendix A (memo included as an appendix to the SLS Update).

The sensitivity analysis findings uphold the outcomes of the traffic operations analyses performed using the base 
DRCOG model: 

 Additional north-south through traffic along Broadway and Lincoln Street results in some degradation of
surface street intersection LOS.

 Upstream Ramp Queues are longer in the No Action Alternative but similar to the base analyses for the
Current Design.

 There are minimal changes to freeway LOS.



Figure 6. 2050 Freeway Traffic Operations - No Action and
Current Design
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4.2  Safety – No Action and Current Design 
Additional analyses of the Current Design were performed to confirm traffic safety performance upon 
implementation.  

The consolidated intersection of Broadway with the I-25 Southbound Off-Ramp and Kentucky Avenue 
represents a unique confluence of multiple approach and exit legs, as does the wedge ramp intersection of 
Broadway. To better understand the potential implications of this complexity toward traffic safety, the project 
team analyzed conflict points at the consolidated and wedge ramp intersections, comparing the number and type 
of intersection conflict points between the No Action and Current Design. As shown in Table 3, the total 
number of conflict points would decrease with the Current Design, from 81 to 74. The number of diverging 
conflict points would increase slightly in the Current Design, while the number of merging conflict points would 
not change. The number of crossing conflict points would be reduced by about 14 percent (from 56 to 48). 

Different types of conflict points often correspond to specific crash types that could be expected at an 
intersection. For example, diverging and merging conflict points are likely to result in Rear End or Sideswipe 
crashes, while crossing conflict points are likely to result in Broadside or Approach Turn crashes. As discussed 
in Appendix A, these crashes currently represent 38 percent of all crashes at the intersections impacted by the 
Current Design (shown in Table 3) and 43 percent of injury crashes. Because of the reduction in crossing 
conflict points in the Current Design, a reduction in Broadside or Approach Turn crashes could be expected 
compared to existing conditions. 

Table  3 .  Conf l i ct  Po int  Summary –  I -25  & Broadway  Intersect ions  

Intersection 
No Action Current Design 

Diverge Merge Crossing Total Diverge Merge Crossing Total 

I-25 Southbound Off-Ramp
& Kentucky Ave

7 8 31 46 6 8 19 33 

I-25 Southbound On-Ramp
& Ohio Ave

1 3 11 15 5 4 18 27 

Northbound Broadway & 
Ohio Ave 

3 3 14 20 1 2 11 14 

Total 11 14 56 81 12 13 48 74 

4 .3  Conceptual Guide Signing Plan 
Appendix B provides the conceptual layout of interstate signage. 
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5. FHWA Policy Consideration #2 

FHWA Policy Consideration #2: The proposed access connects to a public road only and will provide for all traffic 
movements. Less than “full interchanges” may be considered on a case-by-case basis for applications requiring special 
access, such as managed lanes (e.g., transit, HOVs, HOT lanes) or park and ride lots. The proposed access will be 
designed to meet or exceed current standards (23 CFR 625.2(a), 625.4(a)(2), and 655.603(d)). In rare instances where 
all basic movements are not provided by the proposed design, the report should include a full-interchange option with a 
comparison of the operational and safety analyses to the partial-interchange option. The report should also include the 
mitigation proposed to compensate for the missing movements, including wayfinding signage, impacts on local 
intersections, mitigation of driver expectation leading to wrong-way movements on ramps, etc. The report should describe 
whether future provision of a full interchange is precluded by the proposed design. 

As illustrated on Figure 3, the Current Design interchange at I-25/Broadway comprises on- and off-ramps for 
northbound and southbound I-25. The proposed interstate access connects to Broadway (a public road) only 
and will provide all traffic movements; therefore, no mitigation is required to compensate for missing 
movements.
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APPENDIX A. I-25/BROADWAY INTERCHANGE 
SYSTEM LEVEL STUDY UPDATE 
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M E M O R A N D U M

TO: CDOT Chief Engineer 

FROM: City and County of Denver, via Jessica Myklebust, CDOT Region 1 Transportation Director 

DATE: October 20, 2022 

SUBJECT: Approval Request for Interchange Modification at I-25 / Broadway-1601 UPDATE Type 2 
interchange Application (FHU Ref. No. 116006-01) 

This memorandum summarizes information contained in and is a companion document to the System Level Study 
Update (SLS Update) completed for the I-25/ Broadway Interchange reconstruction effort. The below signature 
constitutes CDOT Approval of 1601 System Level Study Update-I-25/Broadway Interchange: 

1 . Pro ject  Descr ipt ion
The interchange is a regionally significant connection, linking 
Interstate 25 to Broadway, a north-south arterial roadway that 
extends through and beyond the City and County of Denver (CCD). 
Access to the interstate at this interchange is being modified to 
create a South Broadway corridor that provides safe and efficient 
mobility for all modes (pedestrian, bicycle, transit, and automobile) 
which accommodates the transportation needs of area 
neighborhoods, existing businesses, planned development, and the I-
25 and Broadway Station area; and also promotes the development 
and use of transit-oriented, civic, and neighborhood places. 

Major needs to be addressed by this project that have been 
identified through traffic and engineering analysis, public  
involvement and agency scoping include: 

 South Broadway is currently experiencing peak hour
congestion that is expected to worsen.

 Projected local and regional growth will result in increased
traffic congestion and increase the likelihood of traffic
cutting through adjacent neighborhoods F igu re  1 .  V i c in i ty  Map . 

 Currently there is a lack of connectivity and inadequate width of bicycle and pedestrian facilities in the
study area.

 Other transportation projects in the area have been completed or are currently being planned in order
to address transportation issues on a regional scale.
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2 .  Al ternat ives  Cons idered  
In 2008, CCD completed the South Broadway Finding of No Significant Impact, the South Broadway Environmental 
Assessment and Section 4(f) Evaluation and System Level Study and Interstate Access Request (EA) under the 
provisions of NEPA, the Colorado Department of Transportation’s (CDOT) Policy Directive 1601.0 and 
FHWA’s Interchange Access Request (IAR) process. Within these documents, alternatives for addressing the 
purpose and need included complete closure of the interchange, introduction of alternative intersection types 
through the interchange, restriction of ramp access or provision of additional ramp access for particular 
movements, and various potential alterations to the southbound South Broadway ramp connection to 
southbound I-25, including loop ramp, flyover, tunnel and wedge ramp options.   

These documents (and the processes supporting their development) determined that the proposed I-
25/Broadway Interchange project would: 

 Address the intent of the 1601.0 Policy Directive and FHWA IAR 

 Be the most reasonable and feasible option for connecting Broadway to the State Highway System 

 Meet the Purpose and Need for the project 

As documented in the EA Figure 2-13, the Preferred Alternative performed best overall relative to other 
alternatives across a range of criteria; addressing peak traffic demand and access/connectivity, minimizing 
neighborhood impacts, enhancing bike/ped access and mobility, minimizing impacts to environmental resources, 
economic impacts, constructability and traffic safety performance.  

In this SLS Update, the Preferred Alternative has been tested to ensure that the configuration remains 
appropriate. The analyses included in the SLS Update have upheld the selection of the Preferred Alternative, 
creating the Updated Preferred Alternative which incorporates refinements while remaining consistent with the 
basic configuration of the Preferred Alternative.  

3 .  Summary  o f  Tra f f i c  Ana lys i s  
In coordination with CDOT and FHWA staff, it was determined that updated traffic analyses would be 
appropriate as a test of the continued viability of the previously advanced alternative rather than a fresh 
comprehensive look at all possible options. Because this is an update to prior analyses, analytical efforts were 
focused on quantifying any design differences between the Updated Preferred Alternative and the 2008 
Preferred Alternative and potential changes to traffic volumes and forecasts due to the passage of approximately 
12 years since the original effort. Operational analyses address whether traffic volumes/forecasts have changed 
since 2008 to a degree that shows the Preferred Alternative would no longer provide acceptable operational 
and safety conditions.  

The traffic analysis developed for the update were specifically performed to update the 2008 SLS/IAR and 
supporting operational and safety analyses in the following ways: 

 Verification/fine-tuning of prior alternative recommendations to inform final design 

 Support for the environmental process/documentation 

 Update base and future year traffic volumes from 2007/2030 to 2021/2050 

As detailed in the SLS Update, the traffic analyses found: 

 Operational analyses based on year 2021 (base year) and 2050 (future) indicate that the Updated 
Preferred Alternative would operate acceptably; preventing peak hour off-ramp vehicle queues from 
extending onto mainline I-25, providing Year 2050 intersection operations at Level of Service (LOS) D 
or better (and improved relative to the No Action alternative), and maintaining freeway operations at a 
LOS equivalent to the No Action alternative.     
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 Analysis of crash history from 2017 through 2019 continues to support needs identified in prior analyses 

and the Updated Preferred Alternative would reduce vehicle conflict points and provide protected 
pedestrian crossings; thereby improving safety conditions.  

 Existing conditions at the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue intersection meet 
signalization Warrant 2 (Four-Hour Volume) and Warrant 7 (Crash Experience). 

4 .  Summary  o f  pub l i c / l oca l / FHWA and r esource  agency  out reach/concerns  
and cons i s tency  wi th  loca l  l and use  p lans  

Agency involvement has supported the project team throughout development of the Type 2 1601 interchange 
approval process. The CCD convened CDOT and FHWA staff early in the traffic analysis scoping process, 
reaching agreement on scope/purpose of traffic analyses and the Methods and Assumptions to be followed. 
Regular coordination meetings were held to address questions and concerns as the work evolved. Through 
these meetings and interim tasks, the project team addressed agency questions regarding signalization of the 
Lincoln Street/I-25 Northbound Ramps & Ohio Avenue intersection, pedestrian crossings at the consolidated 
Broadway/Kentucky Avenue/Southbound off-ramp intersection, surface street intersection conflict points and 
the potential for off-ramp vehicle queues to interfere with mainline I-25 traffic. 

Public outreach occurred in support of the EA and FONSI and has continued through the present effort. The 
project team has actively engaged the West Washington Park Neighborhood Association (WWPNA) to gather 
feedback and respond to questions. Area neighbors have expressed concerns about pedestrian access through 
the interchange area and the project team has responded by refining intersection and trail design to maximize 
pedestrian safety and efficiency. The CCD maintains a webpage devoted to South Broadway & I-25 Improvement 
projects to provide ongoing information to the general public. Within the past two years and as recently as April 
of 2022, multiple public meetings were held at which information was shared about the project and attendees 
were provided with an opportunity for questions and answers.  

Also of note, both the WWPNA and Lincoln Street Community (L/BCRNO) were consulting parties related to 
the findings for: Section 106 Area of Potential Effects and Determinations of Eligibility, I-25 and Broadway Interchange 
Reconstruction – Segment 3, Phase 2 – Broadway, Ohio, and Wedge Ramp Reevaluation Project, Denver - Environmental 
Assessment Reevaluation No. 3. 

The project is consistent with regional and local land use plans. It is documented in the April 2016 I-25 and 
Broadway Station Area Plan, a planning document developed by CCD to maximize effectiveness of the Transit 
Oriented Development (TOD) opportunities surrounding the interchange. The most recent Blueprint Denver 
update (2019) addresses the potential future land use surrounding the interchange. 

5 .  Acces s  management  I s sues  
An interchange management plan is used to define control of access in the vicinity of an interchange. The 
presence of an access control line (A-line) extending along an interchange cross road defines the distance from 
the interchange ramp terminal within which vehicular access to the cross road is restricted. There is an existing 
A-line south of the interchange along the west edge of Broadway. This A-line extends from the southwest 
corner of the I-25 SB off-ramp/Broadway intersection south to the existing Kentucky Avenue intersection.  
The Updated Preferred Alternative would introduce a consolidated Kentucky Avenue/Broadway/I-25 SB off 
ramp intersection. This consolidation shifts the Kentucky Avenue connection to Broadway north from its 
current location, requiring an adjustment to the existing A-line. The proposed adjustments to the A-line are 
described in the SLS Update and will be detailed in the plans developed for the project. 

6 .  Recommended Reasonable  A l t ernat i ves  for  Deta i l ed  Ana lys i s  
The selection of the Preferred Alternative is documented in the South Broadway Environmental Assessment and 
Section 4(f) Evaluation, and the update has confirmed this selection as meeting the Purpose and Need. The NEPA  
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 process is advancing the Preferred Alternative through an Environmental Assessment Reevaluation. The 
Updated Preferred Alternative will provide several improvements to the study area that can be categorized into 
roadway Improvements, traffic control changes, and pedestrian and bicycle accommodations: 

Roadway Improvements 

 Kentucky Avenue would be realigned to the north and combined with movements at the Broadway & 
I-25 Southbound Off-Ramp intersection. To accommodate forecasted traffic volumes at this intersection, 
additional turn lanes would be provided along the I-25 Southbound Off-Ramp, Eastbound Kentucky 
Avenue, and Northbound Broadway intersection approaches. 

 The existing I-25 Southbound On-Ramp would be reconstructed with a wedge ramp that provides grade 
separation for traffic from Southbound Broadway. Access to the wedge ramp would be provided from 
the Broadway & Ohio Avenue intersection. 

 Northbound Broadway/Walsh Place would be realigned between the I-25 Southbound Off-Ramp 
intersection and Lincoln Street to improve horizontal curvature and sight distance. 

 The Lincoln Street cul-de-sac south of Ohio Avenue would be removed, eliminating one approach leg 
from the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue intersection. 

 The I-25 Northbound Ramps would be reconfigured in roughly the same location as the existing ramps 
but with standard geometry and improved design speed along the on-ramp. Westbound left-turns from 
Ohio Avenue onto the I-25 Northbound On-Ramp would be prohibited. Eastbound right-turns from 
Ohio Avenue onto the I-25 Northbound On-Ramp would operate as a cloverleaf ramp without any 
traffic control. 

Traffic Control Changes 

 The consolidated intersection of Broadway & I-25 Southbound Off-Ramp & Kentucky Avenue would 
operate with one traffic signal controller, eliminating the existing signalized intersection at Broadway & 
Kentucky Avenue. 

 A new traffic signal would be installed at the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue 
intersection to prioritize higher demand movements. 

 Northbound left-turns would be permitted at the Broadway & Ohio Avenue intersection, allowing 
northbound Broadway traffic to access the proposed wedge ramp. This movement would be 
signal-controlled. 

Pedestrian and Bicycle Accommodations 

 Pedestrian crossings of Broadway at the consolidated Broadway & I-25 Southbound Off-Ramp & 
Kentucky Avenue would be concentrated across the southernmost intersection approach. This 
configuration will allow single-stage crossings while maximizing vehicular throughput at the intersection. 

 The new traffic signal at the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue intersection would 
provide dedicated crossing time for pedestrians seeking to travel east or west across Lincoln Street. 

 New sidewalks would be constructed along all roadways constructed as part of the Updated Preferred 
Alternative. 

 A new multiuse trail (10-feet-wide plus 5-foot amenity zone) would be constructed along the south side 
of Ohio Avenue from Lincoln Street to Broadway and along the east side of Broadway from Ohio 
Avenue to the realigned Kentucky Avenue intersection. An additional multiuse trail would be 
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constructed on the west side of Broadway from Ohio Avenue to the realigned Kentucky Avenue and on 
the north side of Kentucky Avenue into the I-25/Broadway transit station. 

7 .  Cons i s t ency  w i th  Reg ional  Transpor tat ion  P lan ,  T IP ,  ST IP  
The project is consistent with regional and local transportation plans. It is included in DRCOG’s 2050  Metro 
Vision Regional Transportation Plan as a Fiscally Constrained project to be implemented between 2020 and 
2029. 

8 .  Env i ronmenta l  proces s  update  
An Environmental Assessment (EA) reevaluation is underway and is anticipated to be completed in August of 
2022. 

9 .  Imp lementat ion  P lan  
It is currently estimated that the Updated Preferred Alternative (excluding the northbound I-25 on ramp 
changes to increase design speed) will require $80 Million to implement, including Right-of-Way acquisition. It is 
anticipated that this cost will be covered by CCD self-funding and Federal funding, as shown in the following 
table: 

Funding Source Updated Preferred Alternative Cost1 

Federal Funds $49.5 Million 

City and County of Denver   $30.5 Million 

Total $80 Million 
1Cost does not include completion of Segment 4 of the Updated Preferred Alternative, 
which will complete the northbound I-25 on ramp to increase design speed 

The project is being implemented through a Construction Manager/General Contractor (CMGC) delivery 
method. It is anticipated that CDOT will maintain and operate the interchange Right-of-Way. The CCD through 
its franchising agreement with Xcel Energy, will maintain the lighting. The CCD will operate the surface street 
traffic signals.   

10 .  F ina l  IGA 
The final IGA will be completed between December of 2022 and July of 2023. 

11 .  Other  In format ion  
CDOT’s 1601 Directives outline a Travel Demand Management (TDM) requirement for new and modified 
interchanges seeking CDOT approval. Because the I-25/Broadway interchange area is a significant TDM asset 
located within an active regional multimodal hub, the project team is seeking a waiver of the required TDM 
strategies citing the criteria identified in the 01601.1 Procedural Directive, which states that interchanges “being 
installed in an area that already has functioning TDM strategies, capable of sufficiently reducing future traffic 
demand at the interchange location” may be considered for a waiver. 

Current functioning TDM strategies at the Regional Transportation District (RTD) I-25/Broadway interchange 
location include: 

 Mixed-Use/Development: The interchange is located within an existing mixed use, Transit Oriented 
Development (TOD) site, the focal point of which is the Broadway Station located within the immediate 
southwest quadrant of the interchange. Approximately 6500 single and multi-family homes and 1 Million 
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Square Feet of office and diverse retail space exist or are planned within a ½ mile distance of the 
interchange. This TOD environment reduces interchange traffic by facilitating proximate local access to 
needed services and functions-reducing the need to depart the area by private vehicle. Studies of 
vehicle-trip reductions associated with existing TOD sites estimate 30-50+% reductions in vehicle-trips 
relative to typical suburban standard (Ewing, 2016)1 The TOD significance of this area is emphasized in 
the 2016 Broadway Station Area Plan– a document outlining the strategy for and investments in TOD 
growth and vitality well into the future. 

 Broadway Station: The Broadway Station provides a regional multimodal hub, where Light Rail usage 
levels are second only to the Colfax Auraria station within the RTD network. The station provides the 
following TDM functions/influence: 

 park-n-Ride parking: 1,035 parking spaces are provided at the station. Data from 2019 indicate 
average daily usage of 1,004 occupied spaces, a 97% occupancy rate. Existing traffic counts  
indicate that approximately 500 vehicles per hour access these spaces during peak hours. This  
usage reduces peak hour interchange ramp traffic by an estimated 10-15%. 

 Transit connections: the station provides Light Rail connections to lines D, E, and H and bus  
routes 0, 11 and 14. In 2022, these transit connections served an average of 2,000 passenger 
boardings each weekday. Person-trips by transit further reduce interchange ramp traffic by  
serving some trips that would otherwise be single-occupant vehicle trips on interchange ramps.  

 Bike and Pedestrian Supporting Infrastructure: 14 bike lockers and rack space for approximately  
8 bikes are provided at the I-25/Broadway Station. An estimated 3 of the 14 bike lockers are 
currently occupied. The availability of bike parking further reduces ramp traffic demand.  

 Bus Only Lanes: Bus only lanes along both Broadway and Lincoln Avenue serve RTD bus routes 0 and 
0L, which connect to the Broadway Station and serve approximately 500 boardings each weekday.   

 Bicycle and Pedestrian Facilities: Bicycle and pedestrian connections are provided throughout the area 
surrounding the interchange, including sidewalks, pedestrian crossings, bicycle routes and bicycle-friendly 
streets. The presence of these connections advances the area’s TDM functionality.   

With completion of the I-25/Broadway interchange project, these functioning TDM strategies will continue to 
operate into the future and provide excellent TDM functionality to reduce current and future traffic volumes at 
the interchange. When viewed in light of CDOT’s 1601 TDM scorecard, the presence of these strategies would 
translate to a score well over the threshold value for Type 2 interchanges of 70-50 points.  

 
1 Trip and parking generation at transit-oriented developments: Five US case studies, Ewing, et.al, Landscape and Urban 
Planning, December 2016, pp. 69-78 
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1. Introduction/Background 

1.1  Project History and Location 
In March 2008, the City and County of Denver (CCD), working with the Colorado Department of 
Transportation (CDOT) and Federal Highway Administration (FHWA), completed the South Broadway 
Environmental Assessment (EA) and Section 4(f) Evaluation. The accompanying Finding of No Significant Impact 
(FONSI) was approved in November 2008. The proposed improvements included improvements to Mississippi 
Avenue between the Consolidated Main Line (CML) Railway and Logan Street, and South Broadway between 
Arizona and Exposition Avenues.  

The improvements included reconfiguration of the existing I-25/Broadway Interchange. In support of this 
reconfiguration, a combined System Level Study (SLS) and Interstate Access Request (IAR) was completed in 
January 2008. The CCD, in cooperation with CDOT and FHWA, is implementing the I-25/Broadway 
Interchange reconfiguration. Figure 1 illustrates the interchange study area.  

1.2  Purpose and Need for Project 
A reconfigured interchange at I-25/Broadway was included in the overall federal action analyzed in the South 
Broadway EA and Section 4(f) Evaluation and FONSI. The purpose of the project is the same as that 
documented therein – to create a South Broadway corridor that provides safe and efficient mobility for all 
modes (pedestrian, bicycle, transit and automobile), which: 

 Accommodates the transportation needs of the area neighborhoods, existing businesses, planned 
developments, and the I-25 and Broadway Station area. 

 Promotes the development and use of transit-oriented, civic and neighborhood places. 

The following major needs were identified for the project: 

 South Broadway is currently experiencing peak hour congestion, which is expected to worsen. 

 Projected regional growth, as well as local growth, in traffic due to redevelopment of the rezoned Gates 
property will result in increased congestion and increase the likelihood of traffic cutting through adjacent 
neighborhood streets. 

 Current lack of connectivity and inadequate width of bicycle and pedestrian facilities is focused on the 
South Broadway corridor, bus stops, and I-25 Broadway Station.  

1.3  Definition of Proposed Action 
A screening process was conducted and is documented within the South Broadway EA. Alternatives for 
addressing the purpose and need included complete closure of the interchange, introduction of alternative 
intersection types through the interchange, restriction of ramp access or provision of additional ramp access for 
particular movements, and various potential alterations to the southbound South Broadway ramp connection to 
southbound I-25, including loop ramp, flyover, tunnel and wedge ramp options.  
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The screening identified a Preferred Alternative that, as described in the EA, would: 

 Realign Kentucky to the north to combine with the I-25/South Broadway Interchange movements, 
eliminating one signalized intersection and improving overall operations of South Broadway. 

 Provide a new ramp, referred to as the wedge ramp, with grade separation for heavy southbound South 
Broadway to southbound I-25 demand. Southbound South Broadway access to the ramp would be 
controlled as part of the signal at South Broadway and Ohio Avenue. 

 Make improvements to the intersection of Ohio Avenue and the northbound I-25 ramps, including: 

 Signal at the intersection to provide pedestrian crossing time and prioritize the higher demand 
movements. 

 Close segments of Lincoln Street that access the houses inside the ramp. The existing five-legged 
intersection is a more standard 4-legged intersection in the build scenario. 

 Improved design speed for northbound I-25 hook ramp. While not part of the No Action 
Alternative, the existing northbound I-25 on-ramp includes a ramp with substandard design speed. 
The Preferred Alternative incorporates a new ramp in roughly the same location as the existing 
ramp but with significantly improved design speed (24 miles per hour [MPH]). 

 Channelized right turn lane added to provide positive guidance to on-ramp traffic eastbound on 
Ohio Avenue. All ramp traffic should be in this lane. Overhead signage will reinforce lane 
assignments and further inform drivers not to turn the wrong way on the off-ramp. 

 Channelized westbound Ohio Avenue prevents access from the neighborhood street. Access to the 
interstate is from the arterials only. The island barrier provides an opportunity for ground level signs 
reinforcing the turn restriction. 

 The Preferred Alternative will provide pedestrian and bicycle enhancements as follows: 

 Minimum 13.5-foot sidewalks (including an amenity zone) along all roadways constructed as a part of 
the Preferred Alternative 

 A multiuse trail of a minimum of 15 feet (including an amenity zone): 

 From the intersection of Ohio Avenue and the northbound I-25 off ramp on the south side of 
Ohio Avenue, continuing on the east side of South Broadway to the South Broadway/Kentucky 
Avenue/I-25 southbound off-ramp intersection. 

 On the west side of South Broadway from the intersection with the new southbound I-25 
on-ramp to the South Broadway/Kentucky Avenue/I-25 southbound off-ramp intersection 
continuing to the transit station on the north side of Kentucky Avenue 

Figure 2 depicts the Preferred Alternative as documented in the EA. Figure 3 depicts the Updated Preferred 
Alternative, incorporating refinements that have occurred over time in coordination with CCD, CDOT and 
FHWA. As shown, the basic configuration is consistent with the EA Preferred Alternative.  



Figure 2. EA Preferred Alternative
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Figure 3. Updated Preferred Alternative 
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1 .4  Study Process and Objectives 
To preserve the integrity of the state highway system, CDOT has implemented Policy Directive 1601. The 
policy provides consistent guidelines for reviewing and evaluating requests for new interchanges and major 
improvements to existing interchanges on state highways.  

The 1601 process requires the preparation of the SLS and associated National Environmental Policy Act (NEPA) 
documentation to evaluate project impacts on the surrounding environment, and an intergovernmental 
agreement for funding and maintenance of this interchange. SLS and NEPA decision documents were previously 
completed and approved for this project, in 2008, documenting the selection and operational performance of 
the Preferred Alternative.  

These documents fulfilled the requirements of the 1601 process with a future planning year time horizon of 
2030. Because this is an update to previous decision documents, analytical efforts focus on quantifying any design 
differences between the Preferred Alternative as currently constituted and the 2008 Preferred Alternative and 
potential changes to traffic volumes and forecasts due to the passage of approximately 14 years since the original 
effort. Operational analyses address whether traffic volumes/patterns have changed since 2008 to a degree that 
shows the Preferred Alternative would no longer provide acceptable operational and safety conditions. 
Operational analyses also identify any appropriate design adjustments.  

Early in the process, the project team developed the methods and assumptions to be used in completing the SLS 
Update. A memo dated December 17, 2020 (approved by agencies in January 2021) documenting these methods 
and assumptions is provided in Appendix A. Highlights of the document are provided as follows: 

1. Documentation: The SLS and IAR were joined in a single document in the 2008 report. Updates to these 
documents will now be developed as separate reports and will be titled as Updates. The documents will 
address the following: 

 Verification/fine-tuning of previous alternative recommendations to inform final design 

 Support for the environmental process/documentation 

 Update of the future analysis year from 2030 to 2050 (2040 originally in document, current travel 
demand model shifted to 2050 in April 2021, and all parties agreed to shift to 2050). 

2. Future Horizon: As noted in item 1, the future time horizon for traffic analysis (initially identified as 2040) 
was identified as the Year 2050 upon release of the Denver Regional Council of Governments (DRCOG) 
2050 model, Focus 2.3 after having initially identified 2040 as the future year.  

3. Traffic Analysis Tools: The Highway Capacity Software will be used to evaluate freeway operations, 
implementing Highway Capacity Manual methodologies. The Synchro software will be used to analyze 
surface street traffic flow. The potential impacts to I-25 operations at the interface of surface street and 
freeway networks will be evaluated using the Synchro queuing and delay metrics at the ramp terminal 
intersections. 

4. Safety Analysis: Historic crash data will be evaluated for the most recent available three-year period to 
identify potential high crash intersections and safety concerns.  
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2. Existing Conditions – Base Year (2021) 

2.1  Roadway Network 
The existing roadway network within the project study area includes: 

 Interstate 25 (I-25), an eight-lane north-south freeway, provides regional access across the Denver 
metropolitan area. Within the study area, the posted speed limit is 60 MPH south of Logan Street. 
North of Logan Street, the posted speed limit is 65 MPH. The terrain of the freeway within the study 
area is generally characterized as rolling. 

The project study area includes several access ramps to/from I-25. A northbound off-ramp for 
Broadway/Lincoln Street is braided with the northbound on-ramp for Washington Street. The 
northbound on-ramp from Broadway/Lincoln Street is a loop ramp with a continuous acceleration/ 
deceleration lane up to the northbound off-ramp for Santa Fe Drive. The southbound on-ramp for Santa 
Fe Drive includes a continuous acceleration/deceleration lane up to the southbound off-ramp for 
Washington Street. A southbound off-ramp for Broadway is provided within this continuous 
acceleration/deceleration lane. The southbound off-ramp for Washington Street is combined with the 
southbound on-ramp from Broadway in a collector-distributor (C-D) road. 

 Broadway, a north-south arterial, provides regional access within the Denver metropolitan area. South 
of Ohio Avenue, Broadway includes three travel lanes in each direction and a posted speed limit of 
35 MPH. North of Ohio Avenue, Broadway becomes a one-way couplet with Lincoln Street, serving 
southbound traffic in four travel lanes and a dedicated bus/right-turn lane with a posted speed limit of 
30 MPH. 

 Lincoln Street is a north-south arterial within the study area. South of Ohio Avenue, Lincoln Street is 
a residential cul-de-sac that forms the fifth approach leg of the Ohio Avenue/Lincoln Street/I-25 
northbound off-ramp intersection. North of Ohio Avenue, Lincoln Street becomes a one-way couplet 
with Broadway, serving northbound traffic in three travel lanes and a dedicated bus/right-turn lane with 
a posted speed limit of 30 MPH. During nighttime hours, a travel lane along northbound Lincoln Street is 
converted into a parking lane. 

 Kentucky Avenue is an east-west street that intersects Broadway approximately 200 feet south of the 
I-25 southbound ramps intersection. West of Broadway, Kentucky Avenue serves as the primary access 
to the I-25 & Broadway Station for bus and light rail transit. East of Broadway, Kentucky Avenue 
becomes the I-25 southbound on-ramp for eastbound Kentucky Avenue and northbound Broadway 
movements. 

 Ohio Avenue is an east-west street that crosses the Broadway/Lincoln one-way couplet. East of the 
study area, Ohio Avenue serves a single-family residential neighborhood. West of the study area, Ohio 
Avenue serves as the secondary access to the I-25 & Broadway Station for bus and light rail transit. 

 Exposition Avenue is an east-west street that crosses the Broadway/Lincoln one-way couplet. East of 
the study area, Exposition Avenue serves a single-family residential neighborhood. West of the study 
area, Exposition Avenue serves commercial uses in the Denver Design District. 



Sy stem Leve l  S tudy  Upda te  Page  |  8  

2 .2  Traff ic Conditions 

2.2.1  Traff ic  Volumes 

Regional travel impacts resulting from the COVID-19 pandemic were not suitable for conducting volume counts. 
Instead, AM and PM peak hour traffic volumes collected in September 2018 were used as the basis for the 
existing conditions analysis. These volumes were adjusted to account for forecasted growth from 2018 to 2021 
to create a Base Year scenario (see Section 3.1 for more information on volume forecasts). Figure 4 and 
Figure 5 display Base Year peak hour traffic volumes for both intersections and freeway segments, respectively. 

Appendix B contains observed traffic count data from September 2018. 

As shown on Figure 4 and Figure 5, Broadway would serve about 3,375 vehicles during the AM peak hour 
(56 percent northbound, 44 percent southbound) and about 3,605 vehicles during the PM peak hour (35 percent 
northbound, 65 percent southbound) south of I-25. 

North of I-25, southbound Broadway would serve 1,460 vehicles during the AM peak hour and 2,850 vehicles 
during the PM peak hour, while northbound Lincoln Street would serve 2,645 vehicles during the AM peak hour 
and 2,040 vehicles during the PM peak hour. 

Mainline I-25 over Broadway would serve about 12,230 vehicles during the AM peak hour (59 percent 
northbound, 41 percent southbound) and about 10,605 vehicles during the PM peak hour (48 percent 
northbound, 52 percent southbound). 

2.2.2  Intersect ion Operat ions 

Figure 4 displays a summary of level of service (LOS) at all surface street intersections within the study area. As 
shown on the figure, most signalized intersections currently operate at LOS D or better during AM and PM peak 
hours. Two exceptions are Broadway & SB I-25 Ramps and Broadway & Kentucky Avenue, which operate at 
LOS E during the AM peak hour. 

The Lincoln Street/I-25 NB Ramps & Ohio Avenue intersection is unsignalized. Eastbound and westbound 
movements at this intersection operate at LOS F during AM and PM peak hours. 

Appendix D contains LOS worksheets for Existing Conditions. 

95th percentile queues were examined at the ramp terminal intersections for the I-25/Broadway interchange. 
Table 1 summarizes off-ramp queue lengths in the Base Year. The Synchro analysis tool used in this study does 
not account for the spillback that would occur when a queue exceeds the available storage length. To account 
for these effects, an approximate queue length upstream along the ramp was calculated (Upstream Ramp 
Queue). Table 1 demonstrates that currently the I-25 Southbound Off-Ramp queue extends between 275 and 
400 feet up the ramp, which is well short of the gore point from mainline I-25 (1,060 feet). Similarly, the I-25 
Northbound Off-Ramp queue is short of the gore point from mainline I-25 (3,430 feet), reaching between 75 
and 225 feet during peak hours. 



Figure 4. Base Year (2021) Peak Hour Intersection Traffic Volumes
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Figure 5. Base Year (2021) Freeway Traffic Volumes
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Table  1 .  Base Year  (2021)  Ramp Termina l  Veh ic le  Queues  

Ramp Terminal Lane / Movement 
Lane Length 

(ft) 
95th Percentile Queue Length (ft) 

AM PM 

I-25 Southbound 

SBL/SBT/SBR 300 #267 #388 

SBR 1,060 #233 #274 

Upstream Ramp Queue 1,060 275 300 

I-25 Northbound 

NBL/NBT† 150 269 189 

NBT† 3,430 269 189 

NBR 175 0 0 

Upstream Ramp Queue‡ 3,430 225 75 

Notes: †: The northbound queue length is measured from the signalized intersection of Lincoln Street with the 
Walsh Place connector roadway. 

 ‡: The upstream ramp queue for the I-25 northbound off-ramp is measured from the Ohio Avenue 
intersection. 

 #: The traffic volume of the identified movement is over capacity. The actual queue may be longer. 

Pound symbols (#) noted in Table 1 are outputs from Synchro that indicate the volume for the 95th percentile 
cycle exceeds the capacity. Guidance from Synchro’s developer (Trafficware) states, “This traffic was simulated 
for two complete cycles of 95th percentile traffic to account for the effects of spillover between cycles.” 
Additionally, Trafficware acknowledges that in practice, “95th percentile queues will rarely be exceeded and the 
queues shown with the # footnote are acceptable for the design of storage bays.” 

Queue interference with stopping sight distance (SSD) along the I-25 Southbound Off-Ramp was also 
considered. SSD was determined using methods identified in A Policy on Geometric Design of Highways and Streets 
(The Green Book).

1 A Policy on Geometric Design of Highways and Streets, 7th Edition. American Association of State Highway Transportation 
Officials. Washington, DC. 2018. 

1 The design speed for the off-ramp used to calculate SSD is based on the adjacent highway 
design speed. The design speed of mainline I-25 is 60 MPH, which corresponds to a ramp design speed range of 
30 MPH to 50 MPH. Using these design speeds, the range of SSD for the I-25 Southbound Off-Ramp was 
determined to be: 

 Upper Range (50 MPH):  474 feet 

 Middle Range (45 MPH):  415 feet 

 Lower Range (30 MPH):   215 feet 

Based on these measurements, the range of maximum upstream ramp queue lengths on the I-25 Southbound 
Off-Ramp that would not infringe on the SSD was determined to be: 

 Upper Range (50 MPH):  586 feet 

 Middle Range (45 MPH):  645 feet 

 Lower Range (30 MPH):   845 feet 
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The 95th percentile upstream queue lengths estimated for the Base Year scenario on the I-25 Southbound 
Off-Ramp are less than 400 feet, indicating that the queue would not interfere with the SSD at any of the 
accepted ramp design speeds. 

2.2.3  Freeway Operat ions 

Figure 6 displays peak hour LOS for segments on northbound and southbound I-25 within the study area. As 
shown on the figure, most freeway segments currently operate at LOS D or better during AM and PM peak 
hours. Two exceptions are on northbound I-25 south of the Broadway/Lincoln Street off-ramp and between the 
Broadway/Lincoln Street and Santa Fe Drive ramps. These segments operate at LOS E during the AM peak hour.  



Figure 6. Base Year (2021) Freeway Traffic Operations
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2 .3  Crash History Analysis 
Crashes within the study area were reviewed using information obtained from CCD and CDOT databases with 
the Vision Zero Suite software. Three years of crash history from January 1, 2017, through December 31, 2019, 
were evaluated in an effort to: 

 Understand the magnitude and nature of existing safety problems within the project limits 

 Relate crash causality to roadway geometrics, roadside features, traffic control devices, traffic 
operations, driver behavior, and vehicle type 

Crash history from 2020 was not evaluated due to widespread impacts to travel patterns and crash frequency 
stemming from the COVID-19 pandemic. The purpose of this crash review was to summarize existing 
conditions; potential safety mitigations were not provided. Detailed crash data can be found in Appendix C. 

2.3.1  Crash Data 
During the study period, 184 crashes were recorded, of which 151 were property damage only (PDO) and 33 
resulted in injuries (51 persons injured). No fatal crashes occurred during the study period. Table 2 
summarizes the annual crash history for the study area.  

Table  2 .  Summary o f  Annua l  Crash History  

Year PDO Crashes Injury Crashes Persons Injured Total Crashes 

2017 57 11 14 68 

2018 46 11 23 57 

2019 45 11 14 56 

Total 148 33 51 181 

Average 49.3 11.0 17.0 60.3 

Rear End crashes were the most common crash type within the project area, constituting 33 percent of the 
total crash history. The next most common crash types were Sideswipe (23 percent) and Broadside 
(19 percent). Rear End crashes were also the most common crash type among recorded injury crashes 
(34 percent). Approach Turn (24 percent) and Fixed Object (18 percent) were the next most common injury 
crash types. Figure 7 displays a summary of total and injury crash types with the study area. 
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Total crash frequency within the study area was highest between 3:00 PM and 6:00 PM, which coincides with the 
PM peak hour of travel. Severe crash frequency was also highest between 3:00 PM and 6:00 PM but also showed 
elevated frequency between Midnight and 3:00 AM. Figure 8 displays the frequency of recorded crashes within 
the study area by time of day. 

Figure 7 .  Study Area Crash  Types  
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Figure 8 .  Study Area Crashes  by  T ime of  Day 
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2.3.2  Crash Analys is  
The project team analyzed crash magnitude using Safety Performance Functions (SPFs). SPFs reflect the 
relationship between traffic volume and crash frequency based on crash records of numerous intersections with 
similar characteristics. Development of SPFs lends itself to the conceptual formation of Level of Service of Safety 
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(LOSS), which uses quantitative measures (80th Percentile, Mean, 20th Percentile of the SPF) and qualitative 
descriptions to characterize the safety of roadway segments or intersections relative to expected values. 
Categories for LOSS are as follows: 

 LOSS I: Indicates low potential for crash reduction 

 LOSS II: Indicates low to moderate potential for crash reduction 

 LOSS III: Indicates moderate to high potential for crash reduction 

 LOSS IV: Indicates high potential for crash reduction 

LOSS reflects how the roadway segment is performing regarding its expected crash frequency and severity at a 
specific level of Average Daily Traffic (ADT). If a safety problem is present, LOSS describes its magnitude from 
only a frequency and severity standpoint. The nature of the problem is determined through diagnostic analysis 
using direct diagnostics and pattern recognition techniques. 

Table 3 summarizes crash frequency and LOSS by location within the study area. LOSS cannot be determined 
for interchange ramps since SPF models are not available for these facility types. Locations within the study area 
with at least one injury crash were evaluated in greater detail. The following subsections summarize evaluations 
of all intersections and interchange ramps with at least one injury crash during the study period. 

Table  3 .  Summary o f  Crash  Ana lyses  by  Locat ion 

Intersection 
Number of Crashes LOSS 

PDO  Injury Total Total Severe 

Broadway & Exposition Ave 5 1 6 II II 

Lincoln St & Exposition Ave 8 2 10 III II 

Lincoln St & Walsh Pl 7 0 7 I I 

Broadway & Ohio Ave 16 1 17 III II 

Broadway/Walsh Pl & Ohio Ave 11 4 15 IV III 

Lincoln St/I-25 Northbound Ramps & Ohio Ave 21 2 23 IV II 

Broadway & I-25 Southbound Ramps 37 15 52 II III 

Broadway & Kentucky Ave 17 3 20 II II 

Subtotal 122 28 150   

Interchange Ramp 
Number of Crashes   

PDO  Injury Total   

I-25 Northbound Off-Ramp 7 1 8   

I-25 Northbound On-Ramp 3 0 3   

I-25 Southbound Off-Ramp 10 4 14   

I-25 Southbound On-Ramp 6 0 6   

Subtotal 26 5 31   

Total 148 33 181   
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Broadway & Expos it ion  Avenue 
Rear End

50%

Broadside
16%

Overtaking 
Turn
17%

Pedestrian
17%Classification: 1-Way (Mainline) 2-Way (Side Road) Undivided 

  Unsignalized 4-Leg Intersection 
ADT:  Major Street (Broadway): 34,800 vehicles per day (vpd) 
 Minor Street (Exposition Avenue): 3,480 vpd 
Total Crashes: 6 (1 injury) 
LOSS: II (Total), II (Severe) 
Crash Patterns: None 

Total and severe crash frequencies at the Broadway & Exposition 
Avenue intersection are indicative of LOSS II conditions, suggesting 
there is a low to moderate potential for crash reduction. No discernable crash patterns were observed. Of the 
six recorded crashes, half were Rear Ends. One Broadside, one Overtaking Turn, and one Pedestrian crash were 
also recorded at the intersection. 

All six crashes occurred during the day between 9:00 AM and 6:00 PM. Five of the recorded crashes, including 
all Rear End crashes, the Overtaking Turn crash, and the Pedestrian crash, involved at-fault motorists traveling 
southbound on Broadway. The Broadside crash involved a westbound motorist on Exposition Avenue that failed 
to yield right-of-way to a southbound motorist. This crash resulted in injuries. 

Lincoln Street  & Expos it ion  Avenue Rear End
40%

Broadside
30%

Sideswipe
10%

Fixed Object
10%

Pedestrian
10%

Classification: 1-Way (Mainline) 2-Way (Side Road) Undivided 
  Unsignalized 4-Leg Intersection 
ADT:  Major Street (Lincoln Street): 22,900 vpd 
 Minor Street (Exposition Avenue): 2,290 vpd 
Total Crashes: 10 (2 injury) 
LOSS: III (Total), II (Severe) 
Crash Patterns: None 

Total crash frequency at the Lincoln Street & Exposition Avenue 
intersection is indicative of LOSS III conditions and severe crash 
frequency is indicative of LOSS II conditions, which suggest that there is a moderate potential for crash 
reduction. No discernable crash patterns were observed. Of the 10 recorded crashes, four were Rear Ends and 
three were Broadsides. One Sideswipe, one Fixed Object, and one Pedestrian crash were also recorded at the 
intersection. 

All Rear End, Sideswipe, and Fixed Object crashes involved northbound motorists on Lincoln Street. All three of 
the recorded Broadside crashes involved eastbound motorists on Exposition Avenue failing to yield right-of-way 
to northbound traffic, one of which involved a motorcyclist and resulted in injury. The Pedestrian crash involved 
a northbound pedestrian and an eastbound motorist and resulted in injury. 
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Broadway & Ohio Avenue 
Sideswipe

65%

Broadside
17%

Fixed Object
12%

Rear End
6%

Classification: 1-Way (Mainline) 2-Way (Side Road) Undivided 
  Signalized 4-Leg Intersection 
ADT:  Major Street (Broadway/Walsh Place): 34,800 vpd 
 Minor Street (Ohio Avenue): 8,500 vpd 
Total Crashes: 17 (1 injury) 
LOSS: III (Total), II (Severe) 
Crash Patterns: Sideswipe 

Total crash frequency at the Broadway & Ohio Avenue intersection is 
indicative of LOSS III conditions and severe crash frequency is 
indicative of LOSS II conditions, which suggest that there is a moderate potential for crash reduction. Sideswipe 
crashes, which represent 11 of the 17 recorded crashes, were a statistically observable pattern. Three 
Broadside, two Fixed Object, and one Rear End crash were also recorded at the intersection. 

Of Sideswipe crashes, eight involved southbound motorists and three involved westbound motorists. All of the 
westbound Sideswipe crashes occurred while motorists were making left-turns. Eight of the recorded Sideswipe 
crashes occurred between 3:00 PM and 6:00 PM, coinciding with the PM peak hour. None of the Sideswipe 
crashes resulted in injury. 

The recorded injury crash was a Rear End involving two southbound motorists on Broadway. The at-fault driver 
was traveling at 65 MPH before colliding with another motorist. 

Broadway/Walsh  P lace & Ohio Avenue Fixed Object
46%

Rear End
27%

Sideswipe
20%

Broadside
7%

Classification: 1-Way (Mainline) 2-Way (Side Road) Undivided 
  Signalized 4-Leg Intersection 
ADT:  Major Street (Broadway/Walsh Place): 13,200 vpd 
 Minor Street (Ohio Avenue): 8,500 vpd 
Total Crashes: 15 (4 injury) 
LOSS: IV (Total), III (Severe) 
Crash Patterns: Fixed Object, Dark-Lighted 

Total crash frequency at the Broadway/Walsh Place & Ohio Avenue 
intersection is indicative of LOSS IV conditions and severe crash 
frequency is indicative of LOSS III conditions, suggesting a high potential for crash reduction. Fixed Object 
crashes, which constitute 7 of the 15 recorded crashes, were a statistically observable pattern. Dark-Lighted 
conditions, which represent 6 of 15 crashes, were also identified as a pattern. 

All four of the recorded injury crashes were Fixed Objects. All seven of the recorded Fixed Object crashes 
involved northbound motorists on Broadway/Walsh Place. Driver impairment (due to alcohol, drugs, or illness) 
was cited as a causal factor in five of the seven crashes. In Fixed Object crashes where drivers were not 
impaired, the vehicles were estimated to be traveling between 50 and 55 MPH before the crash. The significant 
horizontal curve as northbound Broadway transitions to Walsh Place is likely an influencing factor for the 
frequency of Fixed Object crashes. 
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Three of the four recorded injury crashes occurred in Dark-Lighted conditions. All six of the Dark-Lighted 
crashes involved northbound motorists on Broadway/Walsh Place. Four of the six crashes in Dark-Lighted 
conditions were Fixed Objects, while the remaining two were a Rear End crash and a Sideswipe crash. 

Lincoln Street / I -25  Northbound Ramps & 
Ohio Avenue Broadside

39%

Sideswipe
31%

Rear End
22%

Head On
4%

Overtaking Turn
4%

Classification: 1-Way (Mainline) 2-Way (Side Road) Undivided  
  Unsignalized 4-Leg Intersection 
ADT:  Major Street (Lincoln Street/I-25 Northbound): 20,700 vpd 
 Minor Street (Ohio Avenue): 8,500 vpd 
Total Crashes: 23 (2 injury) 
LOSS: IV (Total), II (Severe) 
Crash Patterns: Sideswipe 

Total crash frequency at the Lincoln Street/I-25 Northbound Ramps & 
Ohio Avenue intersection is indicative of LOSS IV conditions and severe crash frequency is indicative of LOSS II 
conditions, thereby suggesting a moderate to high potential for crash reduction. Sideswipe crashes, which 
constitute 7 of the 23 recorded crashes, were a statistically observable pattern. Nine Broadside, five Rear End, 
one Head On, and one Overtaking Turn crash were also recorded at the intersection. 

Of the seven Sideswipe crashes, six involved southbound motorists, and one involved eastbound motorists. All 
recorded Sideswipe crashes occurred between 6:00 PM and 8:00 PM. None of the Sideswipe crashes resulted in 
injury. 

Of the nine Broadside crashes, eastbound motorists were found to be at-fault in six, while westbound motorists 
were at-fault in three crashes. Seven of nine Broadside crashes occurred between 6:00 AM and 9:00 AM or 
between 3:00 PM and 7:00 PM, coinciding with AM and PM peak hours. 

Two injury crashes were recorded during the study period. The first was a Rear End crash involving northbound 
motorists. The second was a Broadside crash involving an eastbound motorist who failed to yield right-of way to 
northbound traffic. Both injury crashes occurred during the AM peak hour. 

Broadway & I -25  Southbound Ramps 
Approach Turn

33%

Broadside
27%

Rear End
25%

Sideswipe
7%

Fixed Object
4%

Bicycle
4%

Classification: Signalized 6-Lane (Mainline) Ramp Intersection 
ADT:  Major Street (Broadway): 48,000 vpd 
 Minor Street (I-25 Southbound Ramps): 4,300 vpd 
Total Crashes: 52 (15 injury) 
LOSS: III (Total), III (Severe) 
Crash Patterns: Approach Turn, Broadside, Dark-Lighted, Impaired 
Driver 

Total crash frequency at the Broadway & I-25 Southbound Ramps 
intersection is indicative of LOSS II conditions and severe crash 
frequency is indicative of LOSS III conditions, thereby suggesting a moderate potential for crash reduction. 
Several statistically observable crash patterns were identified, including Approach Turns (17 of 52 crashes), 
Broadsides (14 of 52 crashes), Dark-Lighted conditions (21 of 52 crashes), and Impaired Driving (6 of 52 
crashes). 
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Of the 17 Approach Turn crashes, 8 resulted in injury. All the Approach Turn crashes involved southbound 
motorists making left-turns and northbound motorists. Northbound motorists on Broadway were at fault in 15 
of 17 crashes. Southbound left-turns operate with protected only phasing, so Approach Turn crashes are the 
result of one driver running the red light. Ten of the 17 Approach Turn crashes occurred overnight between 
10:00 PM and 5:00 AM. 

Of the 14 Broadside crashes, 1 resulted in injury. Eleven of the 14 Broadside crashes involved northbound 
motorists on Broadway and eastbound motorists coming off southbound I-25. Northbound motorists on 
Broadway were at fault in all 11 crashes. The remaining Broadside crashes involved southbound motorists on 
Broadway and eastbound motorists coming off southbound I-25. Nine of the 14 Broadside crashes occurred 
during midday hours between 10:00 AM and 1:00 PM, and all involved northbound motorists on Broadway. 

Rear End crashes were not a statistically significant pattern but constituted 13 of the 52 recorded crashes 
(25 percent). Of the 13 crashes, 3 resulted in injury. Nine Rear End crashes involved southbound motorists, 
while the remaining four involved northbound motorists. 

Three other injury crashes occurred at this intersection during the study period, all of which involved 
southbound motorists. Two were Fixed Object crashes involving impaired drivers. The third injury crash 
involved a bicyclist who was struck by a turning motorist. 

Of the 21 crashes that occurred in Dark-Lighted conditions, 6 resulted in injury. Ten of the 21 Dark-Lighted 
crashes were Approach Turns, 5 were Rear Ends, 2 were Broadsides, 2 were Fixed Object, 1 was a Sideswipe, 
and 1 involved a Bicycle. 

Driver impairment was a contributing factor in 6 of the 52 recorded crashes, all of which occurred between 
10:00 PM and 3:00 AM. In four of the crashes, southbound motorists were at fault, while northbound motorists 
were at fault in the remaining two crashes. 

Northbound motorists were found to be at fault in 31 of 52 (60 percent) recorded crashes at this intersection. 
The proximity of traffic signals between this intersection and Kentucky Avenue is likely an influencing factor for 
the frequency of northbound crashes. Drivers who pass through the Kentucky Avenue intersection may not be 
paying attention to the traffic signal immediately following at the I-25 Southbound Ramps intersection. 

Broadway & Kentucky Avenue 
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Classification: Urban 6-Lane Divided Signalized Intersection 
ADT:  Major Street (Broadway): 36,300 vpd 
 Minor Street (Kentucky Avenue): 3,630 vpd 
Total Crashes: 20 (3 injury) 
LOSS: II (Total), II (Severe) 
Crash Patterns: None 

Total and severe crash frequencies at the Broadway & Kentucky 
Avenue intersection are indicative of LOSS II conditions, suggesting a 
low to moderate potential for crash reduction. No discernable crash 
patterns were observed. Of the 20 recorded crashes, 9 were Rear Ends, 4 were Sideswipes, and 3 were 
Broadsides. Approach Turn, Fixed Object, Vehicle Cargo/Debris and Pedestrian crashes were also observed. 



Sy stem Leve l  S tudy  Upda te  Page  |  21  

Of the 20 recorded crashes, 11 occurred between 7:00 AM and 9:00 AM or between 3:00 PM and 7:00 PM, 
coinciding with AM and PM peak hours. Northbound motorists were found to be at-fault in 9 of 20 crashes, 
while southbound motorists were at-fault in 10 of 20 crashes. The remaining crash involved a westbound 
pedestrian crossing against the signal who was struck by a southbound motorist. 

Three injury crashes occurred at this intersection during the study period. Two were Rear End crashes involving 
northbound motorists. The third was a Broadside crash involving a northbound motorist who failed to stop at 
the signal, colliding with an eastbound motorist. 

The frequency of southbound motorists who were found to be at fault (10 of 20 crashes) suggests that the 
proximity of traffic signals between this intersection and the I-25 Southbound Ramps intersection is likely an 
influencing factor for the frequency of southbound crashes. Drivers who pass through the I-25 Southbound 
Ramps intersection may not be paying attention to the traffic signal immediately following at the Kentucky 
Avenue intersection. 

I -25 Northbound Off -Ramp 
Rear End

62%

Fixed Object
25%

Sideswipe
13%

Classification: Urban 1-Lane Interchange Off-Ramp 
ADT:  20,700 
Total Crashes: 8 (1 injury) 
LOSS: N/A 
Crash Patterns: None 

Eight crashes were recorded on the I-25 Northbound Off-Ramp during 
the study period. Rear End crashes were most common, representing 
5 of 8 crashes (62 percent), including one injury crash. Two Fixed 
Object crashes and one Sideswipe crash were also recorded. All eight 
crashes occurred during the day between 7:00 AM and 5:00 PM.  

I -25 Southbound Off -Ramp 
Rear End

64%
Fixed Object

22%

Sideswipe
14%

Classification: Urban 1-Lane Interchange Off-Ramp 
ADT:  4,300 
Total Crashes: 14 (4 injury) 
LOSS: N/A 
Crash Patterns: None 

Fourteen crashes were recorded on the I-25 Southbound Off-Ramp 
during the study period. Rear End crashes were most common, 
constituting 9 of 14 crashes (64 percent). Three Fixed Object crashes 
and two Sideswipe crashes were also recorded. 

Four injury crashes were recorded on the ramp during the study period, three were Rear End crashes and one 
was a Sideswipe crash. Twelve of 14 crashes occurred during the day between 8:00 AM and 7:00 PM. 
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2 .4  Traff ic Signal Warrant 
The project team completed a signal warrant analysis of existing conditions at the Lincoln Street/I-25 
Northbound Ramps & Ohio Avenue intersection. The warrant analysis report, provided in Appendix E, 
outlines all assumptions used to complete the analysis and the associated findings. The findings indicate that 
signalization Warrant 2 (Four-Hour Volume) and Warrant 7 (Crash Experience) are met based on existing 
conditions at the intersection. 
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3. No Action Conditions 
The No Action scenario considers the current roadway network and all committed improvement projects with 
respect to anticipated travel demand growth by Year 2050. No improvements are planned for Broadway or 
Lincoln Street or any cross streets within the area beyond those already evaluated in the Base Year (2021) 
scenario. Similarly, no committed improvements are planned for portions of the I-25 mainline and its 
interchanges within the study area. 

3.1  Travel Demand Forecasts 
Travel demand forecasts were conducted to understand the impact of redevelopment within the project study 
area, as well as increased regional travel on the operations of the roadway network. Travel forecasts were 
estimated using the DRCOG Focus 2.3 activity-based travel demand model. With this model, Average Annual 
Daily Traffic (AADT) volumes for Year 2050 were developed for the study area. Forecasted AADT values were 
then translated into peak hour intersection turning movements and freeway volumes using methodologies found 
in NCHRP Report 7652. Figure 9 and Figure 10 display No Action peak hour traffic volumes for both 
intersections and freeway segments, respectively. 

As shown on the figures, Broadway would serve about 4,490 vehicles during the AM peak hour (56 percent 
northbound, 44 percent southbound) and about 4,865 vehicles during the PM peak hour (35 percent 
northbound, 65 percent southbound) south of I-25. 

North of I-25, southbound Broadway would serve 1,835 vehicles during the AM peak hour and 3,490 vehicles 
during the PM peak hour, while northbound Lincoln Street would serve 3,205 vehicles during the AM peak hour 
and 2,440 vehicles during the PM peak hour. 

Mainline I-25 over Broadway would serve about 15,405 vehicles during the AM peak hour (59 percent 
northbound, 41 percent southbound) and about 13,355 vehicles during the PM peak hour (48 percent 
northbound, 52 percent southbound). 

 
2 Analytical Travel Forecasting Approaches for Project-Level Planning and Design. National Cooperative Highway Research 
Program (NCHRP) Report 765. Washington, DC. 2014. DOI: 10.17226/22366 



Figure 9. No Action (2050) Peak Hour Intersection Traffic Conditions
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Figure 10. No Action (2050) Freeway Traffic Volumes
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3 .2  Operational Analyses 

3.2.1  Intersect ion Operat ions 

Figure 9 displays a summary of LOS at all surface street intersections within the study area for the No Action 
scenario. As shown on the figure, most signalized intersections would continue to operate at LOS D or better 
during AM and PM peak hours. During the PM peak hour, the southbound Broadway & Ohio Avenue 
intersection would operate at LOS E, as well as the Broadway & SB I-25 Ramps and Broadway & Kentucky 
Avenue intersections. 

Eastbound and westbound movements at the Lincoln Street/I-25 NB Ramps & Ohio Avenue intersection would 
continue to operate at LOS F during AM and PM peak hours for the No Action scenario. Appendix F contains 
LOS worksheets for the No Action scenario. 

95th percentile queues were examined at the ramp terminal intersections for the I-25/Broadway interchange. 
Table 4 summarizes estimated off-ramp queue lengths in the No Action scenario. By 2050, the I-25 Southbound 
Off-Ramp queue would extend between 750 and 850 feet up the ramp. This distance would infringe on SSD 
from the gore point on mainline I-25 using the lower range of ramp design speeds (identified in Section 2.2.2). 
The I-25 Northbound Off-Ramp queue would extend between 350 and 650 feet up the ramp. This is short of 
the gore point from mainline I-25.  

Table  4 .  No Act ion (2050)  Ramp Termina l  Veh ic le  Queues  

Ramp Terminal Lane / Movement 
Lane Length 

(ft) 
95th Percentile Queue Length (ft) 

AM PM 

I-25 Southbound 

SBL/SBT/SBR 300 #557 #640 

SBR 1,060 #504 #493 

Upstream Ramp Queue 1,060 750 850 

I-25 Northbound 

NBL/NBT† 150 451 333 

NBT† 3,430 451 333 

NBR 175 0 0 

Upstream Ramp Queue‡ 3,430 650 350 

Notes: †: The northbound queue length is measured from the signalized intersection of Lincoln Street with the 
Walsh Place connector roadway. 

 ‡: The upstream ramp queue for the I-25 northbound off-ramp is measured from the Ohio Avenue 
intersection. 

 #: The traffic volume of the identified movement is over capacity. The actual queue may be longer. 

3.2.2  Freeway Operat ions 

Figure 11 displays peak hour freeway LOS for I-25 within the study area. As shown, most freeway segments 
would operate at LOS D or better during AM and PM peak hours, with several exceptions. On northbound I-25, 
the basic freeway segments south of the study area, south of the Broadway/Lincoln Street on-ramp, and north of 
the study area would operate at LOS F during the AM peak hour. Additionally, the northbound basic freeway 
segment south of the study area would operate at LOS E during the PM peak hour, as would the segment 
between the Broadway/Lincoln Street and Santa Fe Drive ramps during AM and PM peak hours.  



Figure 11. No Action (2050) Freeway Traffic Operations
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4. Updated Preferred Alternative 
As discussed in Section 1, the Updated Preferred Alternative aims to create a South Broadway corridor that 
provides safe and efficient mobility for all modes of traffic. The following subsections describe the proposed 
project and its anticipated impacts on traffic volumes, operations, and safety. As in the No Action scenario, 
evaluations of the Updated Preferred Alternative were conducted for Year 2050. 

4.1  Project Description 
As shown on Figure 3, the Updated Preferred Alternative will provide several improvements to the study area 
that can be categorized into 1) Roadway Improvements, 2) Traffic Control Changes, 3) Pedestrian and Bicycle 
Accommodations. 

4.1.1  Roadway Improvements 

 Kentucky Avenue would be realigned to the north and combined with movements at the Broadway & 
I-25 Southbound Off-Ramp intersection. To accommodate forecasted traffic volumes at this intersection, 
additional turn lanes would be provided along the I-25 Southbound Off-Ramp, Eastbound Kentucky 
Avenue, and Northbound Broadway intersection approaches. 

 The existing I-25 Southbound On-Ramp would be reconstructed with a wedge ramp that provides grade 
separation for traffic from Southbound Broadway. Access to the wedge ramp would be provided from 
the Broadway & Ohio Avenue intersection. 

 Northbound Broadway/Walsh Place would be realigned between the I-25 Southbound Off-Ramp 
intersection and Lincoln Street to improve horizontal curvature and sight distance. 

 The Lincoln Street cul-de-sac south of Ohio Avenue would be removed, eliminating one approach leg 
from the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue intersection. 

 The I-25 Northbound Ramps would be reconfigured in roughly the same location as the existing ramps 
but with standard geometry and improved design speed along the on-ramp. Westbound left-turns from 
Ohio Avenue onto the I-25 Northbound On-Ramp would be prohibited. Eastbound right-turns from 
Ohio Avenue onto the I-25 Northbound On-Ramp would operate as a cloverleaf ramp without any 
traffic control. 

4.1.2  Traff ic  Control  Changes 
 The consolidated intersection of Broadway & I-25 Southbound Off-Ramp & Kentucky Avenue would 

operate with one traffic signal controller, eliminating the existing signalized intersection at Broadway & 
Kentucky Avenue. 

 A new traffic signal would be installed at the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue 
intersection to prioritize higher demand movements. 

 Northbound left-turns would be permitted at the Broadway & Ohio Avenue intersection, allowing 
northbound Broadway traffic to access the proposed wedge ramp. This movement would be 
signal-controlled. 
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4.1.3  Pedestr ian and Bicycle Accommodat ions 
 Pedestrian crossings of Broadway at the consolidated Broadway & I-25 Southbound Off-Ramp & 

Kentucky Avenue would be concentrated across the southernmost intersection approach. This 
configuration will allow single-stage crossings while maximizing vehicular throughput at the intersection. 

 The new traffic signal at the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue intersection would 
provide dedicated crossing time for pedestrians seeking to travel east or west across Lincoln Street. 

 New sidewalks would be constructed along all roadways constructed as part of the Updated Preferred 
Alternative. 

 A new multiuse trail (10-feet-wide plus 5-foot amenity zone) would be constructed along the south side 
of Ohio Avenue from Lincoln Street to Broadway and along the east side of Broadway from Ohio 
Avenue to the realigned Kentucky Avenue intersection. An additional multiuse trail would be 
constructed on the west side of Broadway from Ohio Avenue to the realigned Kentucky Avenue and on 
the north side of Kentucky Avenue into the I-25/Broadway transit station. 

4.2  Traff ic Volumes 
Traffic volume forecasts from the No Action scenario were used to determine turning movement volumes 
associated with the Updated Preferred Alternative scenario. Several movements within the study area were 
rerouted to use the proposed interchange: 

 Southbound left-turns at the existing Broadway & I-25 Southbound Ramps intersection would be 
rerouted to make a southbound right-turn or westbound through movement at the Broadway & Ohio 
Avenue intersection to use the proposed I-25 Southbound On-Ramp. 

 Northbound right-turns and eastbound through movements at the I-25 & Kentucky Avenue intersection 
(which accesses I-25 Southbound) would be rerouted to make a northbound left-turn at the 
Broadway & Ohio Avenue intersection to use the proposed I-25 Southbound On-Ramp. 

 Most through movements from the I-25 Southbound Off-Ramp to the I-25 Southbound On-Ramp would 
be rerouted back to mainline I-25. A small portion would make left-turns onto northbound Broadway, 
followed by a northbound left-turn at Ohio Avenue to return to the freeway. 

 Trips to/from homes on Lincoln Street south of Ohio Avenue would be removed due to the removal of 
the cul-de-sac and reconstruction of the I-25 Northbound Off-Ramp. 

 Westbound left-turns from Ohio Avenue onto the I-25 Northbound On-Ramp would be rerouted to 
make an eastbound right-turn from Ohio Avenue. To accomplish this, motorists would need to use 
northbound Lincoln Street, westbound Exposition Avenue, southbound Broadway, and eastbound Ohio 
Avenue. 

 Trips to/from Ohio Avenue west of Broadway (accessing the I-25/Broadway RTD station) would be 
rerouted to either Exposition Avenue or Kentucky Avenue to accommodate the proposed I-25 
Southbound On-Ramp. 

Figure 12 and Figure 13 display peak hour traffic volumes for the Updated Preferred Alternative for both 
intersections and freeway segments, respectively. 



Figure 12. Preferred Alternative (2050) Peak Hour Intersection Traffic Conditions
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Figure 13. Preferred Alternative (2050) Freeway Traffic Volumes
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4 .3  Traff ic Operations 

4.3.1  Intersect ion Operat ions 

Figure 12 displays a summary of LOS at all surface street intersections within the study area for the Updated 
Preferred Alternative scenario. Compared to the No Action scenario, several signalized intersections would 
experience improved operations. Table 5 displays a comparison of LOS between the No Action scenario and 
the Updated Preferred Alternative scenario using the baseline traffic volume forecasts. 

Appendix G contains LOS worksheets for the Updated Preferred Alternative scenario. 

Table  5 .  2050 Intersect ion  LOS Compar i son  

Intersection 
No Action 

Updated Preferred 
Alternative 

AM Peak PM Peak AM Peak PM Peak 

1 Broadway & Exposition Ave B B B B 

2 Lincoln St & Exposition Ave B B C B 

3 Lincoln St & Walsh Pl B B C B 

4 Broadway & Ohio Ave A E B C 

5 Broadway/Walsh Pl & Ohio Ave B B B C 

6 Lincoln St/I-25 Northbound Ramps & Ohio Ave F/F† F/F† B A 

7 Broadway & I-25 Southbound Ramps D E D D 

8 Broadway & Kentucky Ave D E N/A N/A 

Notes: †: Unsignalized eastbound/westbound approach LOS. 

95th percentile queues were examined at the ramp terminal intersections for the I-25/Broadway interchange. 
Table 6 summarizes estimated off-ramp queue lengths in the Updated Preferred Alternative scenario. The I-25 
Southbound Off-Ramp queue would extend between 625 and 675 feet up the ramp. This queue is substantially 
shorter than the queue estimated in the No Action scenario and would accommodate an SSD between 385 and 
435 feet, near the middle range of ramp design speeds. The I-25 Northbound Off-Ramp queue would extend 
between 325 and 650 feet up the ramp. This distance is short of the gore point from mainline I-25. 
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Table  6 .  Pre ferred Alternat ive  (2050)  Ramp Terminal  Vehic le  
Queues  

Ramp Terminal Lane / Movement 
Lane Length 

(ft) 
95th Percentile Queue Length (ft) 

AM PM 

I-25 Southbound 

SBL 100 149 165 

SBR 1,060 
#456 #418 

SBR 300 

Upstream Ramp Queue 1,060 675 625 

I-25 Northbound 

NBL/NBT 150 394 232 

NBT 3,430 394 232 

NBR 175 10 15 

Upstream Ramp Queue 3,430 650 325 

Notes: #: The traffic volume of the identified movement is over capacity. The actual queue may be longer. 

4.3.2  Freeway Operat ions 

Figure 14 displays peak hour LOS for segments on northbound and southbound I-25 within the study area. 
Mainline I-25 and the location of all interchange ramp gores would remain unchanged as part of the Updated 
Preferred Alternative. As a result, freeway operations are not expected to change compared to the No Action 
Scenario.  



Figure 14. Preferred Alternative (2050) Freeway Traffic Operations
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4 .4  Traff ic Safety 
Additional analyses of the Updated Preferred Alternative were performed to confirm and enhance traffic safety 
performance upon implementation. The following sections describe these analyses. 

4.4.1  Conf l ict  Point  Analys i s  

The consolidated intersection of Broadway with the I-25 Southbound off-ramp and Kentucky Avenue represents 
a unique confluence of multiple approach and exit legs, as does the wedge ramp intersection of Broadway. To 
better understand the potential implications of this complexity toward traffic safety, the project team developed 
an analysis of conflict points at the consolidated and wedge ramp intersections, comparing the number and type 
of intersection conflict points between the No Action and Updated Preferred conditions. As shown in Table 7, 
the total number of conflict points would decrease with the Updated Preferred condition, from 81 to 74.  The 
number of diverging conflict points would increase slightly in the Updated Preferred condition, while the number 
of merging conflict points would not change. The number of crossing conflict points would be reduced by about 
14% (from 56 to 48). 

Different types of conflict points often correspond to specific crash types that could be expected at an 
intersection. For example, diverging and merging conflict points are likely to result in Rear End or Sideswipe 
crashes, while crossing conflict points are likely to result in Broadside or Approach Turn crashes. As discussed 
in Section 2.3.1, these crashes currently represent 38% of all crashes at the intersections impacted by the 
Updated Preferred condition (shown in Table 7), and 43% of injury crashes. Because of the reduction in 
crossing conflict points in the Updated Preferred condition, a reduction in Broadside or Approach Turn crashes 
could be expected compared to existing conditions. 

Table  7 .  Conf l i ct  Po int  Summary –  I -25  & Broadway  Intersect ions  

Intersection 
No Action Updated Preferred 

Diverge Merge Crossing Total Diverge Merge Crossing Total 

I-25 Southbound Off-Ramp 
& Kentucky Ave 

7 8 31 46 6 8 19 33 

I-25 Southbound On-Ramp 
& Ohio Ave 

1 3 11 15 5 4 18 27 

Northbound Broadway & 
Ohio Ave 

3 3 14 20 1 2 11 14 

Total 11 14 56 81 12 13 48 74 
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4.4.2  Wrong Way Turn ing Analys is  /  Mit igat ion 
The potential for wrong-way travel is regularly heightened at interchanges. At the consolidated intersection of 
Broadway with Kentucky Avenue and the I-25 Southbound off-ramp, such potential would exist for movements 
entering Kentucky Avenue from Broadway Avenue to incur onto the off-ramp and travel against the flow. 
Accordingly, the project team identified an adjusted alignment for the northbound left turn lanes entering 
westbound Kentucky Avenue.  As shown on Figure 15, the northbound left turn lanes would track alongside 
northbound Broadway travel lanes, and vehicles would stop when angled at slightly less than 90 degrees from 
the westbound Kentucky Avenue receiving lanes. This configuration represents a slight adjustment from prior 
iterations that aligned the northbound left turn lanes farther west. This more acute angle is intended to angle left 
turning vehicles further away from the one-way off ramp lanes and increase the awareness of drivers of the need 
to commit to fully to entering westbound Kentucky Avenue. 

Figure 15 .  Northbound Le ft  Turn  Lane Al ignment  Disp lay  
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5. 1601 Requirements 
The following sections are provided to address requirements associated with CDOT Policy Directive 1601.  

5.1  Preliminary Financial  Plan 
It is currently estimated that the Updated Preferred Alternative will require $80 Million to implement, including 
Right-of-Way acquisition. It is anticipated that this cost will be primarily covered by City and County of Denver 
self-funding supplemented by Federal funding, as shown in Table 8. 

Table  8 .  Pre l iminary  Assumpt ions  o f  Cost  and Funding 

Funding Source Updated Preferred Alternative Cost1 

Federal Funds $49.5 Million 

City and County of Denver   $30.5 Million 

Total $80 Million 
1Cost does not include completion of Segment 4 of the Updated Preferred Alternative, 
which will complete the northbound I-25 on ramp to increase design speed 

5.2  Interchange Management Plan 
An interchange management plan is used to define control of access in the vicinity of an interchange. The 
presence of an access control line (A-line) extending along an interchange cross road defines the distance from 
the interchange ramp terminal within which vehicular access to the cross road is restricted. Figure 16 depicts 
the Updated Preferred Alternative interchange relative to existing and proposed A-lines. As shown, there is an 
existing A-line south of the interchange along the west edge of Broadway. This A-line extends from the 
southwest corner of the I-25 SB off-ramp/Broadway intersection south to the existing Kentucky Avenue 
intersection.  

As shown in Figure 3, the Updated Preferred Alternative would introduce a consolidated Kentucky 
Avenue/Broadway/I-25 SB off ramp intersection. This consolidation shifts the Kentucky Avenue connection to 
Broadway north from its current location, requiring an adjustment to the existing A-line. The proposed adjusted 
A-line is depicted on Figure 16.  

5.3  Travel Demand Management Assessment 
The I-25/Broadway interchange is a significant Travel Demand Management (TDM) asset, located within an 
active regional multimodal hub central to the Denver area.  

 The I-25/Broadway Station is immediately adjacent to the interchange, serving as an exchange among 
bus, light rail, vehicular and nonmotorized travel modes. Multiple RTD bus and light rail routes converge 
at the station, and exclusive bus lanes feed bus routes extending north from the station. 

 The interchange is located within an active urban mixed-use, Transit-Oriented Development (TOD) 
context, including current office, retail, and high-density residential development. The area is anticipated 
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to include additional mixed uses with the redevelopment of the former Gates Factory and Broadway 
Park.   

 There are current regional bicycle linkages surrounding the interchange area, including the Platte River 
Trail and South Broadway 2-way protected bike lanes north of Center Avenue. 

Because of its current location and these functioning TDM strategies, single occupant vehicle-trips along the 
interchange ramps are reduced from higher levels that would be experienced without these characteristics. 

There are numerous components of the Updated Preferred Alternative that will continue and add to reduction 
in future traffic demand along the interchange ramps, listed as follows: 

 Pedestrian crossings of Broadway at the consolidated Broadway & I-25 Southbound Off-Ramp & 
Kentucky Avenue would be concentrated across the southernmost intersection approach. This 
configuration will allow single-stage crossings while maximizing vehicular throughput at the intersection. 

 The new traffic signal at the Lincoln Street/I-25 Northbound Ramps & Ohio Avenue intersection would 
provide dedicated protected crossing time for pedestrians seeking to travel east or west across Lincoln 
Street. 

 New sidewalks would be constructed along all roadways constructed as part of the Updated Preferred 
Alternative, extending effective park-n-Ride access for pedestrians from all directions. 

 A new multiuse trail (10-feet-wide plus 5-foot amenity zone) would be constructed along the south side 
of Ohio Avenue from Lincoln Street to Broadway and along the east side of Broadway from Ohio 
Avenue to the realigned Kentucky Avenue intersection. An additional multiuse trail would be 
constructed on the west side of Broadway from Ohio Avenue to the realigned Kentucky Avenue and on 
the north side of Kentucky Avenue into the I-25/Broadway transit station. 

 Completion of a linkage of two-way protected bike lanes between Center and Exposition Avenues as a 
part of the City and County of Denver’s South Broadway multimodal improvement project.   



Figure 16. Interchange Management Plan
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6. Sensit ivity Analysis 
A transportation study3 submitted to CCD in 2008 identified potential traffic impacts resulting from proposed 
redevelopment of the Denver Design District – a site bounded by Alameda Avenue to the north, Broadway to 
the west, Exposition Avenue to the south, and the CML Railway to the east. The proposed redevelopment 
would create a mixed-used transit-oriented development of higher density residential and commercial land uses. 
The transportation study submitted to CCD indicated that this development could generate up to 65,000 daily 
trips. This is significantly higher than the land use assumptions of the DRCOG Focus model for the associated 
transportation analysis zone (TAZ).  

To understand the potential impacts of the proposed redevelopment on the study area roadway network, as 
well as to ensure the viability of the preferred alternative, a sensitivity analysis of the travel demand forecast was 
conducted. Methodologies and results associated with the sensitivity analysis can be found in Appendix H.

 
3 Denver Design District Transportation Impact Study. Fehr & Peers. Denver, Colorado. November 2008. 
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M E M O R A N D U M

TO: Mr. Mike Harmer, PE 

FROM: Lyle E. DeVries, PE, PTOE 
Rachel S. Ackermann, PE 

DATE: December 17, 2020 

SUBJECT: Methods and Assumptions 
I-25/Broadway Wedge Ramp 1601 SLS/IAR Update
FHU Reference No. 116006-01

The I-25/Broadway Interchange project consists of improvements to create a safe and efficient 
transportation network for all transportation modes – pedestrian, bicycle, transit and automobile, by 
redesigning the interchange and adjacent roadway network to: 

 Ease congestion on Broadway and Lincoln

 Reduce the potential for crashes

 Enhance bicycle and pedestrian connectivity in the area, and

 Improve access to and from RTD’s Broadway Station

BACKGROUND 

In 2008, the City and County of Denver (Denver) conducted a System Level Study (SLS) under the 
provisions of the Colorado Department of Transportation’s (CDOT) Policy Directive 1601.0 and 
completed FHWA’s Interchange Access Request (IAR) process. The SLS determined that the proposed 
Broadway Interchange project would: 

 Address the intent of the 1601.0 Policy Directive and FHWA IAR

 Be the most reasonable and feasible option for connecting Broadway to the State Highway System
 Meet the Purpose and Need for the project

This Methods and Assumptions memorandum describes the process for updating the operations and safety 
analyses of improvements to the Broadway interchange at Interstate 25 (I-25) necessary to update the 2008 
IAR and SLS. The Methods and Assumptions addressed include the following: 

• Requirements for the Updates
• Traffic Operations

o Analysis Years/Periods
o Traffic Volumes
o Tools
o Analysis Parameters

• Safety

GENERAL REQUIREMENTS FOR UPDATES 

In 2008, the IAR and SLS were combined into a single document. The update will provide two separate 
documents. It is likely that the SLS will be included in the IAR as an Appendix. 
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IAR Update  

FHWA’s Interstate System Access Information Guide states that a re-evaluation is required if an accepted 
change in access has not progressed to construction within 8 years of receiving affirmative determination of 
the engineering and operational acceptability from FHWA.  

The analysis methodologies and tools discussed in this memorandum have been specifically selected to 
update the IAR and supporting operational and safety analyses in a few critical ways: 

 Verification/fine-tuning of prior alternative recommendations to inform final design

 Support for the environmental process/documentation

 Update the analysis forecast year from 2030 to 2040

The IAR update will be developed in accordance with FHWA guidance, most recently updated in May of 
2017. This guidance provides two policy points.  

1601  SLS  Update  

CDOT’s Policy Directive 1601.0 Policy Directive provides a consistent process for reviewing and evaluating 
request for new interchanges and major improvements to existing interchanges on the state highway 
system. Consistent with the 1601.0 policy, a SLS is required for a the I-25/Broadway interchange, a Type 2 
interchange improvement. The purpose of the SLS is to identify the short- and long-term environmental, 
community, safety, and operational impacts of the proposed interchange modification.  

The analysis methods described as follows will be applied to both the IAR and SLS updates for consistency. 
Because this is an update to prior analyses, analytical efforts will be focused on quantifying any design 
differences between the preferred alternative as currently constituted and the 2008 preferred alternative 
and potential changes to traffic volumes and forecasts due to the passage of approximately 12 years since 
the original effort. It is our current understanding that design differences are minimal, so operational 
analyses will address whether traffic volumes/patterns have changed since 2008 to a degree that shows the 
preferred alternative would no longer provide acceptable operational and safety conditions.  

Initial discussions with agency staff have indicated a preference for simplicity in operational analyses and 
tools, consistent with the more focused purpose of this update and the fact that this update is more of a 
test of the continued viability of the previously advanced alternative than a fresh comprehensive look at all 
possible options.  

The proposed methods and assumptions are described as follows: 

TRAFFIC OPERATIONS 

The goal of traffic analyses is to support the previously evaluated and approved project to improve peak 
period operations and safety at the Broadway/I-25 Interchange. The Broadway Interchange Project includes: 

 Construction of a grade-separated “wedge” ramp to accommodate vehicles accessing SB I-25

 Consolidation of the Broadway/Kentucky intersection with the Broadway and SB I-25 off-ramp
intersection

 Signalization of the Ohio Avenue intersection with the I-25 NB ramps

The following summarizes the proposed preliminary analysis plan as outlined in FHWA’s Traffic Analysis 
Toolbox Volume II: Decision Support Methodology for Selecting Traffic Analysis Tools and incorporates 
requirements from CDOT’s Traffic Analysis and Forecasting Guidelines (2018). 
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Ana lyt i ca l  Too l s  

The selection of the appropriate analysis tools for the surface streets and freeway network represents an 
important initial determination as the analysis time horizons and data needs would differ depending on the 
analytical tools selected.  

FHWA’s Traffic Analysis Toolbox Volume II: Decision Support Methodology for Selecting Traffic Analysis 
Tools and CDOT’s Traffic Analysis and Forecasting Guidelines provide an overview of available traffic 
analysis tools and a methodology for selecting an appropriate tool for the job at hand. Tools used for the 
2008 document were also used as an initial comparison point for the current tool selection.  

The Broadway Interchange Project has the potential to impact both uninterrupted flow along I-25 and 
interrupted flow for the adjacent arterial network, analytic tool recommendations are provided for each as 
follows: 

Uninter rupted F low 

The 2008 SLS used both the VISSIM microsimulation tool and the Highway Capacity Software (HCS+) to 
evaluate uninterrupted flow on I-25.  

For the uninterrupted flow analysis, the 2008 SLS concluded that “traffic operations for the 2030 Preferred 
Alternative will not improve or worsen over the 2030 No Action conditions.” Mainline operations were 
also evaluated using the Highway Capacity Software (HCS+), at the request of CDOT and FHWA. The 
table below summarizes the LOS findings extracted from VISSIM performance measures and direct HCS+ 
LOS results as summarized in the 2008 SLS.  

T ab le  1 .  2 008  SLS  –  VISS IM v s .  HCS+ Comp ar i son  –  Un in ter rup ted  F low 

Location AM Peak PM Peak 
No Action Preferred No Action Preferred 

VISSIM HCS+ VISSIM HCS+ VISSIM HCS+ VISSIM HCS+ 

Southbound I-25 
Santa Fe to Broadway Weave C F C F C F C F 

Off to Washington Diverge C C C C C D C D 

On from Broadway Merge C B C B C C C C 

Northbound I-25 
On from Washington Merge E F E F D D D D 

Off to Lincoln Diverge D F D F D D D D 

Broadway to Santa Fe Weave D F D F D F D F 

While the HCS methodology generally showed poorer mainline levels of service than VISSIM, the results 
continued to demonstrate no measurable impact to mainline operations when comparing the No Action 
and Preferred Alternative conditions. Like the 2008 SLS, the proposed analysis will evaluate a condition that 
will not modify geometry to mainline I-25 and would be expected to continue to have no measurable 
impact to mainline operations relative to the No Action condition. It is recommended that only HCS be 
used to evaluate freeway operations.   
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Inter rupted F low 

The 2008 SLS and IAR utilized the Synchro software as the interrupted flow analytical tool. It is 
recommended that Synchro be used for the update, also, to maintain consistency. The Synchro LOS 
reporting module will be utilized to report LOS.  

I n te r r up ted /Un in te r rup ted  F lo w In te r fa ce  

The surface street and freeway networks will interact at locations where ramps extend to and from 
mainline I-25. For the NB and SB I-25 Exit ramps to Broadway, queueing results from the Synchro analyses 
will be used to evaluate the potential for traffic queues to extend upstream along a ramp from a signalized 
intersection, particularly examining whether any queue lengths would interfere with mainline operations.  

It is anticipated that changes to the basic interchange configuration could alter the manner in which vehicles 
currently enter mainline I-25. For example, the conversion of SB I-25 entry ramp traffic to the wedge ramp 
would create more right-turning traffic entering the ramp, likely causing a higher concentration of vehicular 
traffic per unit time to enter mainline I-25. In addition, a ramp meter is proposed to be installed along the 
SB I-25 on wedge ramp from Broadway, consistent with the 2008 preferred alternative. The influence of 
the reconfigured ramp with meter would be measured by examining output from the SimTraffic module of 
Synchro comparing the ramp flow rates between the No Action and Preferred alternatives. Any change in 
flow rate would be analyzed by adjusting the peak hour factor associated with the HCS merge analyses. 
Outputs would be compared to quantify any concerns.    

It is recommended that the potential impacts to I-25 operations at the interface of surface street and 
freeway networks be evaluated using the Synchro and SimTraffic queuing and delay metrics at the ramp 
terminal intersections and using the Highway Capacity Software merge, diverge and weave analyses. 

T ra f f i c  Vo lume s / T i me Hor izons  

Given the use of traffic analysis tools as described earlier, the following recommendations are provided for 
traffic volumes and time horizons.  

Ex i s t ing  Cond i t ions  

Collecting new traffic count information during the pandemic would accurately reflect neither historic nor 
expected conditions under a recovered economy, particularly during the weekday peak hours. Therefore, 
any new traffic data collected would require manual adjustments to reflect a higher level of usage. 2018 
turning movement data are available for most of the potential study intersections, and it is anticipated that 
freeway traffic volumes could be compiled from available data sources to reflect a 2018 condition. It is 
recommended that 2018 turning movement data be utilized for analyses with spot turning movement 
counts conducted to fill in any gaps. The spot counts could be manually adjusted as needed to achieve 
consistency with the 2018 data set. 

The temporal scope of the analysis will include the AM and PM peak hour. The timeframe for each peak 
hour will be has been determined using traffic counts collected in August 2018. The Broadway AM peak 
hour occurs between 7:00 AM and 8:00 AM with the PM peak hour occurring between 4:00 PM to 5:00 
PM. 

Future  Demand Volumes  

A major component of this analysis is to update the long term analysis forecast year from 2030 to 2040. 
This process will update the daily vehicular forecasts with the current planning horizon prepared by the 
Denver Regional Council of Governments (DRCOG). Additionally, significant changes to the DRCOG 
regional travel demand model have transitioned the tool from a four-step model (used for the 2008 SLS) to 
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an activity-based model. This new tool called FOCUS will be used to refine estimates of future demand 
within the study area.  

The travel demand modeling process involves a geometric review of the model network and a confirmation 
of future improvement assumptions in the model network. Forecasts will be developed for the No Build 
(without improvements related to this project) and Build (with improvements identified as part of the 
Broadway Interchange Project).  

T ra f f i c  Pa rame ters  

Heavy vehicle percentages and Peak Hour Factors (PHFs) from the August 2018 data collection will be used 
for the existing conditions operational analyses. Long-range future 2040 volume projections will assume 
similar heavy vehicle percentages and default (0.92) peak hour factors.  

K ey  Pe r fo rman ce  Measu re s  

Measures of Effectiveness (MOEs) are the system performance statistics that best characterize the degree 
to which the proposed improvements meet the project objectives.  

For this analysis, the following MOEs have been selected to evaluate the No Action and Build network 
scenarios:  

 Level of Service (LOS)

 Queuing Analysis

 Delay

S tudy  Are a  

The initial study area was chosen consistent with FHWA’s Interstate System Access Information Guide 
which notes that “The type of analysis necessary will vary on a request-by-request basis. At a minimum, the 
system analysis will include upstream and downstream interchanges, as well as the local road system feeding 
into the affected interchanges.”  

The Interstate System Access Information Guide also notes that the area of influence along the local 
roadway network should extend at least to the first adjacent signal in either direction or to the first major 
intersection. As such, the area of influence is shown in Figure 1 in orange and the operational analyses will 
target the area highlighted in green with a focus on the intersections shown. 

The freeway network would include: 

• SB I-25 from the Santa Fe Drive on-ramp to the CD Road entry to I-25 near the Washington Street
overpass

• NB I-25 from the Downing Street off ramp to the Santa Fe Drive off ramp

Of note, it is possible that only SB I-25 will be analyzed in the update, as changes to the NB I-25 entry 
ramps to I-25 (modifications to the NB loop ramp radius) may be postponed to a separate, later ramp 
improvement project.  
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F igu re  1 .  Mode l  S tudy  Are a  

TRAFFIC SAFETY 

Historic crash data will be evaluated for the three-year period from January 1, 2017 to December 31, 2019 
to identify potential high crash intersections and safety concerns. The three-year crash history will be 
compiled using the DiExSys™ Road Safety Systems software, Vision Zero Suite and data provided by 
Denver County. Direct diagnostics analyses will be conducted to compare the crash history at a given 
location to an expected average crash total for a similar type of intersection or roadway facility to 
determine significant crash types, if applicable. 

Please feel free to contact FHU individuals with any questions. 

Rachel Ackermann, PE  Lyle DeVries, PE, PTOE 
rachel.ackermann@fhueng.com lyle.devries@fhueng.com 
(303)721-1440 (303)721-1440
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APPENDIX B. TRAFFIC COUNTS 
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APPENDIX C. CRASH DATA 
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APPENDIX D. BASE YEAR (2021) LOS WORKSHEETS 
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APPENDIX E. OHIO AVENUE / NB I-25 OFF-RAMP 
SIGNAL WARRANT ANALYSIS 
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EXECUTIVE SUMMARY 
The intersection of Ohio Avenue & Lincoln Street / I-25 NB Ramps is in the northeast quadrant of the 
I-25/Broadway interchange in Denver, Colorado. Lincoln Street runs north/south from 20th Avenue to
the north to I-25 to the south. Ohio Avenue runs east/west from I-25 to the west to Downing Street at
the edge of Washington Park to the east. The intersection of Lincoln Street with Ohio Avenue consists
of 5 approach legs, with the fifth leg being the I-25 northbound on- and off-ramps. Lincoln Street to the
north is one-way northbound, and the south leg of Lincoln Street at the intersection is a cul-de-sac
serving six single family homes – this approach operates as a de-facto one-way southbound street due to
vehicular conflict and sight distance issues. Eastbound and westbound approaches of Ohio Avenue are
currently controlled with stop signs, as well as the northbound Lincoln Street approach.

Surrounding land uses primarily include single-family residential to the north and east. Some commercial 
development exists to the northwest and the south. The I-25/Broadway transit station is west of the 
study intersection. 

Conditions at the intersection were examined relative to the traffic signal warrants outlined in the 2009 
Edition of the Manual on Uniform Traffic Control Devices (MUTCD). The nine warrants described in the 
MUTCD assess the impacts of traffic volumes, accident history, pedestrian demands, school traffic, 
adjacent grade crossings, and route characteristics on the need for signalization of a given intersection. 

The posted speed limit along Lincoln Street is 30 MPH, and along Ohio Avenue the posted speed limit is 
25 MPH. The prevailing speeds along Lincoln Street and Ohio Avenue have not been observed to be in 
excess of 40 MPH. As such, the traffic volumes at the study intersection were not eligible for a 
reduction in the volume thresholds associated with the volume-based signal warrants (1, 2, 3 and 4) 

The warrant evaluation of the Ohio Avenue & Lincoln Street / I-25 NB Ramps intersection indicates that 
the existing geometric configuration and current traffic volumes meet Warrant 7 as documented in the 
MUTCD. 

Table 1 depicts the status of all nine MUTCD warrants at this intersection. 

Recommendat ion 

Signalization of the Ohio Avenue & Lincoln Street / I-25 NB Ramps intersection is recommended when 
considering the existing geometric configuration. Conditions at the intersection meet criteria for 
Warrant 7 (Crash Experience), which is based both on recorded crash frequency and traffic volumes 
meeting the criteria for Warrant 1 (Eight-Hour Volume) Condition B at the required 80 percent level. 
Conditions at the intersection also meet Warrant 2 (Four Hour Vehicular Volume). 
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T ab le  1 .  Resu l t s  o f  S igna l  Warran t  Ana ly s i s  

Warrant Results Comments 

1 Eight-Hour 
Vehicular Volume1 

A: 1 / 8 
B: 6 / 8 
C: 4 / 8 

Traffic volumes at the intersection do not meet Warrant 1 
criteria.  

2 Four-Hour 
Vehicular Volume 

 
4 / 4 

Volumes on the existing 1-lane approach of eastbound Ohio 
Avenue meet Warrant 2.  

3 Peak Hour2 Not Met 

Analyses of peak hour volumes indicate that the volumes do not 
meet Warrant 3 criteria. This warrant applies to unusual cases 
where an individual facility attracts or discharges large numbers 
of vehicles over a short time. This intersection does not meet 
this criterion, this warrant does not apply.  

4 Pedestrian Volume Not Met Pedestrian crossing volumes do not meet criteria for Warrant 4. 

5 School Crossing N/A There is no designated school crossing. 

6 Coordinated Signal 
System Not Met The adjacent signal is less than 1,000 ft from this intersection. 

7 Crash Experience3 
 

B: 6 / 5 
C: 8 / 8 

6 crashes susceptible to correction by a signal were reported in 
2017/2018, which meets Condition B. Existing Eight-Hour 
volumes at the intersection meet criteria. 

8 Roadway Network Not Met 

Lincoln Avenue/NB I-25 meet criteria for major route. Ohio 
Avenue is currently signed as a regional route to reach I-25, 
therefore, meeting some criteria for major route categorization. 
Ohio Avenue is not categorized as such for the purposes of this 
analysis. 

9 Intersection Near 
Grade Crossing N/A There are no grade crossings within 140 feet of this intersection. 

1 Warrant 1: Condition A – Minimum Vehicular Volume 
Condition B – Interruption of Continuous Traffic 
Condition C – 80% Fulfillment of Condition A and Condition B  

2 Warrant 3: Condition A – Peak Hour Delay 
Condition B – Peak Hour Volume 

3 Warrant 7: Condition A – Adequate Trial of Alternatives 
Condition B – 12-month Crash Frequency 
Condition C – 80% Fulfillment of Condition A or Condition B of Warrant 1 

INTRODUCTION 
The intersection of Ohio Avenue & Lincoln Street / I-25 NB Ramps is in the northeast quadrant of the 
I-25/Broadway interchange in Denver, Colorado. Lincoln Street runs north/south from 20th Avenue to
the north to I-25 to the south. Ohio Avenue runs east/west from I-25 to the west to Downing Street at
the edge of Washington Park to the east. The intersection of Lincoln Street with Ohio Avenue consists
of 5 approach legs, with the fifth leg being the I-25 northbound on- and off-ramps. Lincoln Street to the
north is one-way northbound, and the south leg of Lincoln Street at the intersection is a cul-de-sac
serving six single family homes. Eastbound and westbound approaches of Ohio Avenue are currently
controlled with stop signs, as well as the northbound Lincoln Street approach.

Surrounding land uses primarily include single-family residential to the north and east. Some commercial 
development exists to the northwest and the south. The I-25/Broadway transit station is west of the 
study intersection. 



Oh io  Ave  &  L i n co l n  S t  /  I - 25  NB  R amp s  T ra f f i c  S i gn a l  War ran t  S t ud y  

P a g e  3  

Conditions at the intersection were examined relative to the traffic signal warrants outlined in the 2009 
Edition of the Manual on Uniform Traffic Control Devices (MUTCD). The nine warrants described in the 
MUTCD assess the impacts of traffic volumes, accident history, pedestrian demands, school traffic, 
adjacent grade crossings, and route characteristics on the need for signalization of a given intersection. 

A vicinity map showing the study location in relation to the surrounding roadway network is provided 
on Figure 1.  

S IGNAL WARRANTS 
Each of the nine traffic signal warrants outlined in the 2009 Edition of the MUTCD were evaluated to 
determine whether the intersection of Ohio Avenue & Lincoln Street / I-25 NB Ramps should be 
signalized according to MUTCD guidelines. As stated in the MUTCD, “The satisfaction of a traffic signal 
warrant or warrants shall not in itself require the installation of a traffic control signal.” 

Note: The threshold criteria for the volume-based warrants (Warrants 1, 2, 3, and 4) may be reduced to 70 
percent of their initial values if: 

• The posted/statutory speed limit or the 85th percentile speed on the major street exceeds 40 miles
per hour (mph), or

• The intersection lies within a built-up area of an isolated community having a population less than
10,000 people

The posted speed limits for both Lincoln Street and Ohio Avenue do not exceed the 40 MPH threshold. 
Therefore, this intersection is not eligible for reductions to volume-based warrant thresholds. 

Additional details for the nine traffic signal warrants are described in the following sections. 
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Warrant  1 ,  E ight -Hour  Vehicular  Vo lume 

Warrant 1 is satisfied when, for eight or more hours of an average day, traffic volumes along the major 
street (total of both approaches) and the higher-volume minor street approach exceed the threshold 
values specified in Table 4C-1 of the MUTCD. The threshold values for Condition A – Minimum 
Vehicular Volume are useful when the high approach volumes are the primary reason for signalization. 
The Condition B – Interruption of Continuous Traffic thresholds are used when major street volumes 
cause minor street vehicles to suffer excessive delay or experience conflicts when attempting to cross 
the major street. These threshold values are adjusted downward to account for higher roadway speeds 
or rural (<10,000 population) conditions. These thresholds also change relative to the number of lanes 
provided along each intersection approach. Warrant 1 is satisfied when Condition A or Condition B is 
met. Warrant 1 is also satisfied when 80 percent of the threshold traffic volumes in Condition A and 
Condition B are exceeded.  

Warrant  2 ,  Four -Hour  Veh icu lar  Vo lume 

This warrant is fulfilled when traffic volumes for the major street (total of both approaches) and the 
higher volume minor street plot above the threshold guidelines as represented on Figure 4C-1 or 4C-2 
of the MUTCD for any four hours of an average day for the existing combination of approach lanes.   

Warrant  3 ,  Peak Hour  

This warrant is intended for application where traffic conditions are such that for one hour of the day 
minor street traffic suffers undue delay in entering or crossing the major street. This warrant may also 
be satisfied when traffic volumes for the major street (total of both approaches) and the higher volume 
minor street approach plot above the threshold guidelines as represented on Figure 4C-3 or 4C-4 of 
the MUTCD for the existing combination of approach lanes during the peak hour of the day.   

The 2009 Edition of the MUTCD includes the following statement in the Peak Hour Warrant 
description: 

This signal warrant shall be applied only in unusual cases, such as office complexes, manufacturing 
plants, industrial complexes, or high-occupancy vehicle facilities that attract or discharge large numbers 
of vehicles over a short time. 

As a result of this statement, Warrant 3 must be used with caution and should not be used for typical 
public street intersections.  

Warrant  4 ,  Pedestr ian Volume 

This warrant requires an excess of 107 pedestrians for each of any four hours, or 133 pedestrians in a 
single hour, to cross the major street. In addition, the distance to the nearest traffic signal cannot be less 
than 300 feet or it must be determined that the proposed traffic control signal will not restrict the 
progressive movement of traffic.  

Warrant  5 ,  School  Cross ing  

A traffic engineering study of the frequency and duration of gaps in the vehicular traffic stream at the 
school crossing must show that the number of adequate gaps in the traffic stream during the period 
when children are using the crossing is less than the number of minutes in the same period. For 
example, if the number of adequate vehicle gaps in a 15-minute period is less than 15, then a traffic signal 
could be warranted. In addition, there must be a minimum of 20 students crossing during the highest 
hour. 
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Warrant  6 ,  Coord inated  Signa l  System 

Based on this warrant, a signal can be installed if there is a need to maintain proper grouping of vehicles 
and effectively regulate group speed. If adjacent signals do not provide the necessary degree of 
platooning and speed control, and the proposed and adjacent signals could constitute a progressive 
signal system, then a traffic signal could be warranted. 

Warrant  7 ,  Crash  Exper ience 

This warrant specifies that, when five or more reported accidents in a one-year period that are 
susceptible to correction by traffic signal control are found, each involving personal injury or property 
damage, then a traffic signal may be implemented, dependent upon meeting other criteria, including 
adequate trial of alternative safety countermeasures and satisfaction of either Criteria A or B from 
Warrant 1 (Eight-Hour Volume). 

Warrant  8 ,  Roadway Network 

A traffic signal installation may be warranted to encourage concentration and organization of traffic flow 
on a roadway network. Warrant 8 applies only to the intersection of two major routes (specific criteria 
apply). Traffic volume criteria must also be met. 

Warrant  9 ,  Intersect ion Near  a  Grade  Cross ing 

This warrant specifies the need for a traffic signal only if a railroad grade crossing exists on an approach 
controlled by a STOP or YIELD sign and the center of the track nearest to the intersection is within 140 
feet of the stop line or yield line of the approach. 

The signal warrant analysis of the Lincoln Street/I-25 NB On/Off Ramps with Ohio Avenue intersection 
is documented in two sections: Section I - Warrant Analysis Summary and Section II - Warrant 
Evaluation. 



Oh io  Ave  &  L i n co l n  S t  /  I - 25  NB  R amp s  T ra f f i c  S i gn a l  War ran t  S t ud y  

P a g e  7  

SECTION I -  WARRANT ANALYSIS SUMMARY 
Summary o f  Condit iona l  Data  

The analyses contained in this report are based on collected data and on engineering judgment. Table 2 
displays conditional data that was used to analyze the MUTCD warrants.  

T ab le  2 .  S ign a l  Wa rrant  Ana lys i s  Cond i t iona l  Da ta  

Conditional Data Current Condition 
EB (1-Lane) 

Major 
Street 

Approach Lincoln St/I-25 NB Ramps 

Speed Limit 30 MPH 

Number of Lanes 2+ 

Traffic Control Free 

Minor 
Street 

Approach Ohio Ave 

Speed Limit 25 MPH 

Number of Lanes 1 

Traffic Control Stop-Control 

Peak Hour of Activity 7:45 AM – 8:45 AM 

One-Lane  or  Two-Lane  Approaches  

The MUTCD denotes the use of engineering judgment in determining the lane availability for the major 
and minor streets at an intersection. Approaches may be characterized as either one-lane or two-lane 
based upon the vehicle movements allowed on the approach as well as the number of vehicles using left-
turn lanes. 

 Major Street: Lincoln Street/I-25 NB Ramps – This roadway was analyzed as two or more
approach lanes based on the existence of two through lanes. The northbound right-turn lane
from the I-25 off ramp is channelized.

 Minor Street: Ohio Avenue – Eastbound Ohio Avenue is the higher volume approach for
the minor street. Currently, eastbound Ohio Avenue includes one shared lane for all
movements and was analyzed as a one-lane approach (as reflected in Table 2).

Right - turn  Reduct ions  

The MUTCD specifically discusses the treatment of right-turning vehicles. Engineering judgment must be 
used to determine the portion of right-turning vehicles to subtract from the total volume in order to 
apply the signal warrants. The eastbound right-turn movements are currently serviced in a single shared 
lane approach, though this single lane is wider than a typical lane, measuring approximately 20 feet wide 
from curb face to curb face. Though this width could potentially allow for restriping as a 2 lane approach 
with a dedicated right turn lane an shared through/left turn lane, such an option is not feasible due to 
the inability of tractor-trailer trucks to complete the eastbound right turn from an exclusive right turn 
lane without impacting adjacent travel lanes and/or pedestrian infrastructure. The below image depicts 
the path for a WB-67 truck completing this turn, occupying the full width of the single existing approach 
lane.   

Though the approach is considered a single lane approach, it is appropriate to reduce some right turns -  
vehicular conflicts are reduced for this eastbound right turn movement because there is no southbound 
approach traffic affecting the movement and right turning traffic is able to enter the NB I-25 on ramp 
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directly. To account for this operating condition, eastbound right-turning traffic was reduced by 50 
percent for the analysis. The westbound right turn movement was also reduced by 50 percent to 
account for the presence of an exclusive right turn lane.   

Figure 2 .  WB-67 Eastbound R ight  Turn Movement  

Summary  o f  Recorded Data  

Traffic data were collected in support of the warrant analysis. Traffic volume information is included in 
Appendix A. The following is a summary of the data recorded for the study intersection: 

 Existing lane geometry and traffic control at the intersection as shown on Figure 3
 Traffic volumes along each of the intersection approaches during a 13-hour period (6:00 AM to

7:00 PM) on a typical weekday in September 2021

 Photos of the intersection approaches as shown in Appendix B
 Crash history for the intersection was collected from the Vision Zero Suite database for the

period between January 2017 to December 2019

• Note that when determining if Warrant 7 (Crash Experience) justifies signalization at an
intersection, only accidents that could be expected to be corrected by the installation of a
signal are included in the minimum accident requirement

• Over the three-year period, 23 crashes were reported. 6 crashes susceptible to correction
by a traffic signal occurred in a 12-month period, September 2017 through August 2018

 Traffic counts indicated a low volume of pedestrian crossings (less than 10 pedestrian crossings
per hour)

 Average delay was determined using techniques documented in the Highway Capacity Manual 6th

Edition, (HCM) using Synchro 11th Edition software.
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Discuss ion 

The posted speed limit along Lincoln Street is 30 MPH, and along Ohio Avenue the posted speed limit is 
25 MPH. Therefore, the intersection is not eligible for a reduction in the volume thresholds for 
Warrants 1, 2, 3, and 4.  

Volumes at the intersection meet 1 of 8 hours for Condition A, 6 of 8 hours for Condition B, and 8 of 8 
hours for Condition C, indicating that the intersection does not meet signalization criteria based on 
Warrant 1. Volumes Avenue meet all 4 hours for Warrant 2, indicating that the intersection meets 
signalizations requirements based on Warrant 2.  

While Warrant 3 is not applicable for this intersection, Peak Hour Delay (Condition A) and Peak Hour 
Volume (Condition B) analyses were still conducted for the intersection. It was determined that 
volumes do not meet Warrant 3 thresholds.  

Pedestrian volume is much lower at this intersection than the thresholds required by the Pedestrian 
Volume Warrant (Warrant 4). Warrant 5 is not applicable for this intersection, as there are no 
designated school crossings at this intersection. Warrant 6 also does not apply for this intersection, 
since this intersection is within 1,000 ft of a signal to the north on Lincoln Street. 

Alternatives to traffic signalization have been considered at this intersection to satisfy Criteria A of 
Warrant 7 (Crash Experience). Median stop signs were added to the eastbound approach of Ohio 
Avenue to reinforce traffic control in 2012. CROSS TRAFFIC DOES NOT STOP signs (W4-4p) were 
installed in 2016. Of the 23 total crashes that occurred over the 3-year period, 9 were Broadside 
crashes that are susceptible to correction by a traffic signal (6 involving eastbound motorists, 3 involving 
westbound motorists). 6 of the Broadside crashes occurred during an 8-month period in from 
September 2017 to April 2018, and the remaining 3 occurred during a 10-month period in 2019. The 
crashes recorded in 2017-2018 exceed the threshold of Criteria B. Finally, eight-hour volumes on the 
eastbound Ohio Avenue approach meet 80% thresholds for Criteria B of Warrant 1, indicating that the 
intersection meets signalizations requirements based on Warrant 7.  

Warrant 8 (Roadway Network) is not met for this intersection, since Ohio Avenue possesses 
insufficient properties to be categorized as a major route. There is no grade crossing within 140 feet of 
this intersection, so Warrant 9 (Intersection Near a Grade Crossing) is also not applicable for the 
intersection. 

The signal warrant worksheet along with applicable volume graphs are included in Appendix C. 

Recommendat ion 

Signalization of the Ohio Avenue & Lincoln Street / I-25 NB Ramps intersection is recommended when 
considering the existing geometric configuration. The traffic volumes meet criteria for Warrant 2 (Four-
Hour Volume). Recorded crash frequency meets criteria for Warrant 7 (Crash Experience). 
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SECTION I I -  WARRANT EVALUATION 
Section II includes the following items: 

 Warrant Analysis Checklist

 Graphical Depiction of Warrants 2, 3, and 4

 Peak Hour Analysis Results

 Historic Crash Information (2017 – 2019)
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APPENDIX B. INTERSECTION ONLINE PHOTO LOG 
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APPENDIX C. S IGNAL WARRANT WORKSHEETS 
AND VOLUME GRAPHS 
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APPENDIX F. NO ACTION (2050) LOS WORKSHEETS 
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APPENDIX G. PREFERRED ALTERNATIVE (2050) LOS 
WORKSHEETS 
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APPENDIX H. SENSITIVITY ANALYSIS 
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M E M O R A N D U M

TO: Mike Harmer, CCD Project Manager 

FROM: Lyle DeVries, Ryan Saline; FHU 

CC: Jeanne Schley; FHU Project Manager 
Steve Markovetz; CCD 

DATE: August 2022 

SUBJECT: I-25 / Broadway Interchange – System Level Study
Sensitivity Analysis
FHU No. 116006-01

Traffic volume forecasts presented in the I-25/Broadway System Level Study (SLS) Update were conducted to 
assess the potential impacts of regional travel demand growth within the study area. Travel forecasts were 
estimated using the Denver Regional Council of Governments (DRCOG) Focus 2.3 activity-based travel demand 
model. However, redevelopment plans north of the study area which have not yet been committed to land use 
assumptions in the Focus 2.3 model. 

The sensitivity analyses and accompanying memo have been prepared to understand the potential traffic 
operations impacts of the proposed redevelopment on the study area roadway network, as well as to ensure 
the viability of the preferred alternative. 

Redevelopment Background 
A transportation study1 submitted to CCD in 2008 identified potential traffic impacts resulting from proposed 
redevelopment of the Denver Design District – a site bounded by Alameda Avenue to the north, Broadway to 
the west, Exposition Avenue to the south, and the Regional Transportation District (RTD) Light Rail line to the 
east. The proposed redevelopment would create a mixed-used transit-oriented development of higher density 
residential and commercial land uses. The transportation study submitted to CCD indicated that this 
development could generate up to 65,000 daily trips. This is significantly higher than the land use assumptions of 
the DRCOG Focus model for the associated transportation analysis zone (TAZ). 

Travel Demand Forecast Methodology 
Like in the SLS Update, travel demand forecasts were conducted to understand the impact of redevelopment 
within the project study area, as well as increased regional travel on the operations of the roadway network. 
Travel forecasts were estimated using the DRCOG Focus 2.3 activity-based travel demand model. With this 
model, Average Annual Daily Traffic (AADT) volumes for Year 2050 were developed for the study area.  

Forecasted AADT values were then translated into peak hour intersection turning movements and freeway 
volumes using methodologies found in NCHRP Report 7652. Traffic generated by the relevant TAZs was 

1 Denver Design District Transportation Impact Study. Fehr & Peers. Denver, Colorado. November 2008. 
2 Analytical Travel Forecasting Approaches for Project-Level Planning and Design. National Cooperative Highway Research 
Program (NCHRP) Report 765. Washington, DC. 2014. DOI: 10.17226/22366 



August 2022 
I-25 / Broadway Interchange – System Level Study
Sensitivity Analysis
Page H-2

removed from the DRCOG Focus model and revised AADT values were translated into peak hour volumes. 
Site-generated peak hour traffic assignment from the transportation study was then added to the traffic volume 
forecasts.  

No Action Conditions 
Traff ic  Volumes 
Figure H-1 and Figure H-3 display peak hour traffic volumes for the sensitivity analysis of the No Action 
scenario for both intersections and freeway segments, respectively, as well as peak hour traffic volumes 
forecasted in the SLS Update. 

As shown on the figures, Broadway would serve about 4,670 vehicles during the AM peak hour (57 percent 
northbound, 43 percent southbound) and about 5,100 vehicles during the PM peak hour (35 percent 
northbound, 65 percent southbound) south of I-25. 

North of I-25, southbound Broadway would serve 1,940 vehicles during the AM peak hour and 3,640 vehicles 
during the PM peak hour, while northbound Lincoln Street would serve 3,435 vehicles during the AM peak hour 
and 2,545 vehicles during the PM peak hour. 

Mainline I-25 over Broadway would serve about 15,630 vehicles during the AM peak hour (59 percent 
northbound, 41 percent southbound) and about 13,335 vehicles during the PM peak hour (49 percent 
northbound, 51 percent southbound). 

Operat ional Analyses 
Inter sect ion  Operat ions  
Figure H-2 displays a summary of LOS at all surface street intersections within the study area for the sensitivity 
analysis of the No Action scenario, as well as the LOS results from the SLS Update. 

When using the traffic volume forecasts prepared in the sensitivity analysis, LOS at several study area 
intersections would degrade compared to what was reported in the SLS Update. Notably, operations along 
Lincoln Street north of I-25 would deteriorate from LOS B to LOS D during the AM peak hour. The Broadway 
& SB I-25 Ramps and Broadway & Kentucky Avenue intersections would deteriorate from LOS D to LOS E 
during the AM peak hour and from LOS E to LOS F during the PM peak hour. 

Eastbound and westbound movements at the Lincoln Street/I-25 NB Ramps & Ohio Avenue intersection would 
continue to operate at LOS F during AM and PM peak hours when using forecasts from the sensitivity analysis. 

Like in the SLS Update, 95th percentile queues were examined at the ramp terminal intersections for the 
I-25/Broadway interchange. Table H-1 summarizes estimated off-ramp queue lengths in the No Action scenario
for both the SLS Update and sensitivity analysis scenarios.

As shown, the I-25 Southbound Off-Ramp queue would extend between 875 and 900 feet up the ramp when 
using forecasts from the sensitivity analysis. This distance would infringe on SSD from the gore point on mainline 
I-25 using the lower range of ramp design speeds. The I-25 Northbound Off-Ramp queue would extend between
350 and 745 feet up the ramp when using forecasts from the sensitivity analysis. This distance is short of the
gore point from mainline I-25.
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T ab le  H-1 .  No  Ac t ion  (2050 )  Ramp Te rm ina l  Veh i c le  Queues  

Ramp Terminal Lane / Movement 
Lane Length 

(ft) 
95th Percentile Queue Length (ft) 

AM PM 

Ba
se

lin
e 

V
ol

um
e 

Fo
re

ca
st

 

I-25 Southbound

SBL/SBT/SBR 300 #557 #640 

SBR 1,060 #504 #493 

Upstream Ramp Queue 1,060 750 850 

I-25 Northbound

NBL/NBT† 150 451 333 

NBT† 3,430 451 333 

NBR 175 0 0 

Upstream Ramp Queue‡ 3,430 650 350 

Se
ns

iti
vi

ty
 A

na
ly

si
s I-25 Southbound

SBL/SBT/SBR 300 #626 #662 

SBR 1,060 #541 #517 

Upstream Ramp Queue 1,060 875 900 

I-25 Northbound

NBL/NBT† 150 498 337 

NBT† 3,430 498 337 

NBR 175 0 0 

Upstream Ramp Queue‡ 3,430 750 375 

Notes: 
†: The northbound queue length is measured from the signalized intersection of Lincoln Street with the Walsh Place 

connector roadway. 

‡: The upstream ramp queue for the I-25 northbound off-ramp is measured from the Ohio Avenue intersection. 

#: The traffic volume of the identified movement is over capacity. The actual queue may be longer. 

F reeway Operat ions  
Figure H-4 displays peak hour LOS for segments on northbound and southbound I-25 within the study area for 
the sensitivity analysis of the No Action scenario, as well as the LOS results from the SLS Update. 

As shown on the figure, freeway LOS for the sensitivity analysis would be nearly the same as that of the baseline 
No Action scenario, except for the northbound basic freeway segment south of the study area, which would 
operate at LOS D during the PM peak hour. 



Figure H-1. No Action (2050) Peak Hour Intersection Traffic Volumes
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Figure H-2. No Action (2050) Peak Hour Intersection Traffic Operations
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Figure 1H-3. No Action (2050) Freeway Traffic Volumes
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Figure H-4. No Action (2050) Freeway Traffic Operations
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Updated Preferred Alternative 
Traff ic  Volumes 

As documented in the SLS Update, several traffic movements must be rerouted to accommodate the Updated 
Preferred Alternative:  

 Southbound left-turns at the existing Broadway & I-25 Southbound Ramps intersection would be
rerouted to make a southbound right-turn or westbound through movement at the Broadway & Ohio
Avenue intersection to use the proposed I-25 Southbound On-Ramp.

 Northbound right-turns and eastbound through movements at the I-25 & Kentucky Avenue intersection
(which accesses I-25 Southbound) would be rerouted to make a northbound left-turn at the
Broadway & Ohio Avenue intersection to use the proposed I-25 Southbound On-Ramp.

 Most through movements from the I-25 Southbound Off-Ramp to the I-25 Southbound On-Ramp would
be rerouted back to mainline I-25. A small portion would make left-turns onto northbound Broadway,
followed by a northbound left-turn at Ohio Avenue to return to the freeway.

 Trips to/from homes on Lincoln Street south of Ohio Avenue would be removed due to the removal of
the cul-de-sac and reconstruction of the I-25 Northbound Off-Ramp.

 Westbound left-turns from Ohio Avenue onto the I-25 Northbound On-Ramp would be rerouted to
make an eastbound right-turn from Ohio Avenue. To accomplish this, motorists would need to use
northbound Lincoln Street, westbound Exposition Avenue, southbound Broadway, and eastbound Ohio
Avenue.

 Trips to/from Ohio Avenue west of Broadway (accessing the I-25/Broadway RTD station) would be
rerouted to either Exposition Avenue or Kentucky Avenue to accommodate the proposed I-25
Southbound On-Ramp.

Figure H-5 and Figure H-7 display peak hour traffic volumes for the sensitivity analysis of the Updated 
Preferred Alternative scenario for both intersections and freeway segments, respectively, as well as peak hour 
traffic volumes forecasted in the SLS Update. 

Operat ional Analyses 
Inter sect ion  Operat ions  
Figure H-6 displays a summary of LOS at all surface street intersections within the study area for the sensitivity 
analysis of the Updated Preferred Alternative scenario, as well as the LOS results from the SLS Update. 
Compared to the forecasted operations in the SLS Update, LOS at several study area intersections would 
degrade when using sensitivity analysis volume forecasts: 

 AM Peak Hour

 Broadway & Exposition Avenue: From LOS B to LOS C 

 Lincoln Street & Exposition Avenue: From LOS C to LOS E 

 Lincoln Street & Walsh Place: From LOS C to LOS E 

 Broadway & Ohio Avenue: From LOS B to LOS C 

 Broadway/Walsh Place & Ohio Avenue: From LOS B to LOS C 

 Lincoln St/I-25 Northbound Ramps & Ohio Avenue: From LOS B to LOS D 
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 PM Peak Hour

 Broadway & Exposition Avenue: From LOS B to LOS C 

 Broadway & I-25 Southbound Ramps & Kentucky Avenue: From LOS D to LOS E

95th percentile queues were examined at the ramp terminal intersections for the I-25/Broadway interchange. 
Table H-2 summarizes estimated off-ramp queue lengths in the Updated Preferred Alternative scenario for 
both the SLS Update and sensitivity analysis scenarios. 

As shown, the I-25 Southbound Off-Ramp queue would extend between 600 and 700 feet up the ramp when 
using forecasts from the sensitivity analysis. This queue is substantially shorter than the queue estimated in the 
No Action scenario and would accommodate an SSD between 360 and 460 feet, near the middle and upper 
ranges of ramp design speeds. The I-25 Northbound Off-Ramp queue would extend between 325 and 650 feet 
up the ramp when using forecasts from the sensitivity analysis. This distance is short of the gore point from 
mainline I-25. 

T ab le  H-2 .  Pre f er red  A l te rnat ive  (2050 )  Ramp T erm ina l  Veh ic le  Queues  

Ramp Terminal Lane / Movement 
Lane Length 

(ft) 
95th Percentile Queue Length (ft) 

AM PM 

Ba
se

lin
e 

V
ol

um
e 

Fo
re

ca
st

 

I-25 Southbound

SBL 100 149 165 

SBR 1,060 
#456 #418 

SBR 300 

Upstream Ramp Queue 1,060 675 625 

I-25 Northbound

NBL/NBT 150 394 232 

NBT 3,430 394 232 

NBR 175 10 15 

Upstream Ramp Queue 3,430 650 325 

Se
ns

iti
vi

ty
 A

na
ly

si
s I-25 Southbound

SBL 100 197 192 

SBR 1,060 
#445 #403 

SBR 300 

Upstream Ramp Queue 1,060 700 600 

I-25 Northbound

NBL/NBT 150 396 232 

NBT 3,430 396 232 

NBR 175 9 15 

Upstream Ramp Queue 3,430 650 325 

Notes: #: The traffic volume of the identified movement is over capacity. The actual queue may be longer. 

F reeway Operat ions  
Figure H-8 displays peak hour LOS for segments on northbound and southbound I-25 within the study area for 
the sensitivity analysis of the Updated Preferred Alternative scenario, as well as the LOS results from the SLS 
Update. Changes to mainline I-25 and the location of all interchange ramp gores would remain unchanged as 
part of the Updated Preferred Alternative. As a result, freeway operations are not expected to change 
compared to the No Action Scenario (using both the SLS Update the sensitivity analysis volume forecasts). 



Figure H-5. Preferred Alternative (2050) Peak Hour Intersection Traffic Volumes
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Figure H-6. Preferred Alternative (2050) Peak Hour Intersection Traffic Operations
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Figure H-7. Preferred Alternative (2050) Freeway Traffic Volumes
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Figure H-8. Preferred Alternative (2050) Freeway Traffic Operations
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Summary 
Traffic volumes forecasted for this sensitivity analysis represent a scenario in which redevelopment would occur 
north of the I-25/Broadway interchange study area that would result in additional traffic demand beyond what is 
predicted in the DRCOG Focus 2.3 model. These development plans are nearly 15 years old and have not been 
formally approved by local agencies, but their travel demands been evaluated in this memo to understand the 
potential impacts to traffic operations within the I-25/Broadway interchange area as well as ensure the viability 
of the Updated Preferred Alternative that was presented in the SLS Update. 

As demonstrated in the operational analyses of this memo, the planned redevelopment would increase peak 
hour traffic volumes within the I-25/Broadway interchange study area, specifically through traffic on the 
Broadway/Lincoln Street couplet and especially during the AM peak hour. As a result of these changes, LOS 
would degrade at many surface street intersections in both the No Action and Updated Preferred Alternative 
scenarios. LOS on mainline I-25 would not be impacted as severely. 

Anticipated vehicles queues on the I-25 off-ramps would increase substantially in the No Action scenario, 
infringing on the available stopping sight distance for the I-25 Southbound Off-Ramp. The Updated Preferred 
Alternative would experience similar ramp queues with the proposed redevelopment, despite the increase in 
peak hour traffic volume. This can be attributed to the increase in capacity that would result at the ramp 
terminal intersections from the interchange reconfiguration. 

 

 

 

Attachments: 

 No Action (2050) LOS Worksheets 

 Updated Preferred Alternative (2050) LOS Worksheets 
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