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EXECUTIVE SUMMARY 

The Triangle Transit Authority (TTA), at the request of the Durham-Chapel Hill-Carrboro 
Metropolitan Planning Organization (DCHC MPO), has conducted an initial analysis of 
the NC 54/I-40 corridor to determine whether high capacity transit service between 
Chapel Hill and Research Triangle Park (RTP) is feasible.  For the purpose of this study, 
high capacity transit is defined as rail or buses operating totally or mainly in exclusive 
rights-of-way or separate lanes.  Improved transit service between Chapel Hill and the 
RTP is an element of the TTA’s 1995 recommendations for Regional Transit Plan.  
Improved transit in the corridor also is included in the current update of the DCHC MPO 
2025 Transportation Plan.  

Interstate 40 is the major transportation facility in the NC 54/I-40 corridor.  It is currently 
congested, with limited opportunities for adding capacity.  Traffic is projected to almost 
double over the next 25 years or so, and improving, or simply preserving mobility in the 
corridor, is a high regional priority. 

The feasibility study is being conducted in two phases: 

• Phase I provides a preliminary feasibility assessment.  This assessment has 
been completed and the findings and conclusions are documented in this report.  
It focuses on establishing physical feasibility, determining order-of-magnitude 
costs and ridership, and developing cost-effectiveness measures.    

• If the TTA Board of Trustees and the DCHC Transportation Advisory Committee 
(TAC) decide to proceed with a more detailed study, a Phase II study would be 
undertaken to assess feasibility in greater detail, select a preferred alignment, 
identify right-of-way to be preserved, and enable appropriate land use decisions 
to be made. 

The study was undertaken by a consultant team and guided by regular meetings with a 
Policy Advisory Committee and Technical Committee.  A project web page 
(www.mabtrans.com/nc54) was developed and two newsletters published. 

Three transit technologies were considered for the corridor in Phase I: 

• Bus Rapid Transit (BRT), a hybrid consisting of buses operating on a 
combination of busways, in high occupancy vehicle (HOV) lanes, and on roads. 

• Diesel Multiple Units (DMUs) consisting of diesel-powered, self-propelled rail 
cars. 

• Light Rail Transit (LRT) consisting of electrically-propelled rail cars operating in 
exclusive corridors or on roads. 

Three potential alignments were identified and analyzed: 

• Alternative A, using the planned HOV lanes on I-40 wherever feasible (buses 
only).  This alternative assumes the HOV lanes are constructed, as a separate 



    
 

 ii 

project, by the state for carpools and vanpools.  The feasibility of such lanes has 
been studied by the North Carolina Department of Transportation (NCDOT), 
which has concluded that they are feasible and desirable. 

 
• Alternative B, an exclusive right-of-way for the entire length (bus or rail).  This 

alignment is designed to be suitable for rail use, but also can be a busway.  
While it uses exclusive right-of-way, many streets can be and are crossed at 
grade.  Much of it parallels I-40. 

• Alternative C, use of NC 54 for substantial sections (bus or rail).  This alignment 
attempts to use NC 54 to the degree feasible, with the objective of minimizing 
capital costs and maximizing accessibility to land uses.    

Order-of-magnitude capital costs for each alternative (in 2002 dollars) range between 
$169 million and $376 million.  The cost at the time of construction (in future year 
dollars) would be considerably higher because of inflation, with the cost in 2025 dollars 
ranging between $312 million and $694 million.  The cost for Alternative A does not 
include the cost of the HOV lanes which are assumed to be built by the state (Alternative 
A would not be pursued if the HOV lanes were not implemented, and conversely, the 
construction of the HOV lanes would likely favor Alternative A.)  Phase I costs are 
approximate only, and more detailed engineering would be undertaken in Phase II to 
develop more accurate costs.  In addition, there was no attempt in Phase I to refine the 
alignments to improve cost-effectiveness, though lower cost, hybrid options were 
identified.   

Order-of-magnitude corridor ridership for 2025 ranges between 7,200 and 8,000 riders a 
day if the adopted land use plans are assumed, and between 8,600 and 9,200 riders a 
day if current development trends are factored in.  Ultimately, the extent of and 
commitment to transit-supportive land use and design may decide the feasibility of high 
capacity transit and will dictate the level of investment in transit improvements that is 
warranted.  There are many variables or assumptions that affect ridership, and these 
would be more closely examined in Phase II.   

Based on the Phase I findings, the committees unanimously recommended to the TTA 
Board of Trustees and the Durham-Chapel Hill-Carrboro Metropolitan Planning 
Organization’s Transportation Advisory Committee (DCHC MPO TAC) that the study 
move forward to Phase II.  The committees concluded that Phase I had demonstrated 
the viability of high capacity transit in the corridor, and in particular: 
 

• There are no fatal flaws (physical, environmental, or community) to implementing 
high capacity transit system (rail or bus rapid transit) in the corridor.   

• The cost-effectiveness measures for the corridor are comparable with projects 
around the US being recommended for federal funding, and locally, the US 15-
501 project.   

• Transit investment would be consistent with adopted land use objectives for the 
corridor. 

• Although transit investment would be consistent with land use objectives for the 
corridor as stated in the NC 54/I-40 Corridor Study Plan, the rapid development 
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that is occurring in the corridor is, for the most part, not transit-oriented or 
supportive, and, if this trend continues, will weaken the feasibility of transit in the 
corridor.  However, there is potential to shape future growth to be transit 
supportive, which is essential if high capacity transit is to be feasible. 

• There is some urgency to proceed since the corridor is regionally important and 
opportunities could be lost.  In addition to current development trends generally 
not being transit-supportive, right-of-way options for building the transit system 
will diminish over time. 

However, in recommending to proceed with a more detailed study, the committees 
stressed that: 
 

• Local elected officials must understand that land use planning, decisions, and 
commitments are critical.  The preliminary cost-effectiveness measures 
developed in the Phase I study are not strong and feasibility is marginal.  It would 
be critical in Phase II to examine alignment and operating options that could 
reduce cost, and to identify development opportunities that could enhance 
ridership.  The level of transit investment that is warranted will be highly 
dependent on land use policies, and a decision to invest in high capacity transit  
is also a decision and commitment to plan and adopt zoning and ordinances for 
future development and redevelopment that has transit-supportive types of uses, 
higher densities, and pedestrian-friendly design around stations.  Investment in 
high capacity transit is unlikely to be feasible without this land use commitment. 

• Phase II must be coordinated with any future HOV planning for I-40 (assuming a 
decision is made in the near-term to continue studying HOV).  Implementation of 
HOV lanes by the state would have implications for transit investment in the 
corridor, as the Alternative A alignment for the NC 54/I-40 corridor transit system 
assumes the construction of those lanes and, most likely, would only be 
implemented if the HOV lanes were built.  

Phase II would develop the additional detail needed to: 
 

• Determine the level and the type of transit improvements that are feasible and 
warranted. 

• Enable a more detailed comparison with the US 15-501 corridor and other 
potential corridors in the Research Triangle region (the corridor would be studied 
at the same level of detail as US 15-501).   

• Identify station locations, and develop appropriate land use plans and 
recommendations for those areas.  This would enable local governments to 
prepare and adopt the appropriate zoning and ordinances.   

• Identify the right-of-way that would need to be preserved. 

• Identify and program short-term, phased improvements to improve transit service 
over time. 
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• Enable roadway projects to take transit plans into account.  

• Enable any HOV decisions to take transit into account.  

• Position the corridor for Federal Transit Administration (FTA) funding. 

The findings of the study and recommendations of the committees are being presented 
to the TTA Board of Trustees and the DCHC TAC.  If these two bodies agree to proceed 
to Phase II, and if funding is available, the study could begin around mid-2003 and take 
approximately 15 months.
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1.0 INTRODUCTION 

1.1 STUDY BACKGROUND 
In July 2001, the Durham-Chapel Hill-Carrboro Metropolitan Planning Organization 
(DCHC MPO) requested that TTA conduct a study of the feasibility of implementing high 
capacity transit in the NC 54/I-40 corridor between Chapel Hill and Research Triangle 
Park (RTP), with an ultimate goal of identifying a preferred transit technology and 
developing an associated financing plan.  For the purpose of this study, high capacity 
transit is defined as rail or buses operating totally or mainly in exclusive rights-of-way or 
separate lanes.   

The TTA’s recommendations for the Regional Transit Plan adopted in 1995 identified a 
number of corridors for implementing transit improvements for the Research Triangle 
region.  Phase I of the Plan is a Regional Rail system between Durham, RTP, Cary and 
Raleigh, scheduled to commence service in 2007.  A detailed feasibility study also has 
been undertaken for the US 15-501 corridor which stretches between Durham and 
Chapel Hill, a second phase corridor in the TTA’s Plan.  A study also commenced in 
2002 for a connection from the Phase I Regional Rail line to the Raleigh-Durham 
International Airport (RDU), also a second phase of the TTA’s Plan.  The Regional 
Transit Plan and the Phase II projects are summarized in Appendix A. 

Improved transit service between Chapel Hill (the western and third point of the urban 
“triangle” which has the cities of Raleigh and Durham as the two other points) and the 
RTP (the center of the triangle) also is an element of the TTA’s 1995 Plan.  The 
University of North Carolina (UNC) at Chapel Hill, including UNC Hospitals, is a major 
and growing regional employer, with many of its employees, students, and patients 
residing in the eastern parts of the Research Triangle region.  Other significant land uses 
in and around the corridor include the mixed-use Meadowmont development, The 
Streets at Southpoint Mall, Research Triangle Park employment center, and RDU 
airport.   

Interstate 40 is the major transportation facility in the NC 54/I-40 corridor.  It is currently 
congested, with limited opportunities for adding capacity.  Traffic is projected to almost 
double over the next 25 years or so, and improving, or simply preserving mobility in the 
corridor, is a high regional priority.  

Improved transit in the corridor also is included in the current update of the Durham-
Chapel Hill-Carrboro Metropolitan Planning Organization (DCHC MPO) 2025 
Transportation Plan (described in Appendix A).  The Durham City/County NC 54/I-40 
Corridor Study Draft Plan, which builds on the Durham 2020 Comprehensive Plan 
adopted in 1995, recommends increased transit, transit compatible urban design, and 
locating future transit routes in areas supported by and consistent with density patterns 
identified in the Plan (also described in Appendix A).  Other recommendations include 
designating and protecting existing and potential transit corridors. 
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1.2 STUDY PURPOSE 
The purpose of the NC 54/I-40 Transit Corridor Feasibility Study is to determine the 
feasibility of implementing high capacity transit improvements in the approximately 13-
mile long corridor which extends between the UNC-Chapel Hill main campus and the 
planned Triangle Metro Center development in the RTP.  The study is being conducted 
in two phases: 

• Phase I provides a preliminary feasibility assessment.  This assessment has 
been completed, and the finding and conclusions are documented in this report.  
It focuses on establishing physical feasibility (including whether exclusive right-
of-way is available for all or portions of the corridor), determining order-of-
magnitude costs and ridership, developing standard cost-effectiveness measures 
and comparing them to similar projects, and identifying key issues.  The findings 
provide the basis for a decision on whether to proceed to Phase II.  It is not the 
purpose of Phase I to recommend specific alignments or technologies.    

• If the TTA Board of Trustees and the DCHC Transportation Advisory Committee 
(TAC) decide to proceed with a more detailed study, a Phase II study would 
follow to assess feasibility in greater detail, select a preferred alignment, identify 
right-of-way to be preserved, and enable appropriate land use decisions to be 
made.  It would also provide information to assist in prioritizing corridors for future 
transit investments in the region.  Phase II would be structured so that the 
project, if feasible in the foreseeable future, is eligible for federal funding for 
subsequent phases of work and ultimately implementation. 

1.3 STUDY AREA 
The study area extends from the Main Campus of UNC-Chapel Hill to the planned 
Triangle Metro Center rail station/transfer center near the intersection of NC 54 and 
Miami Boulevard in RTP (see Figure 1-1).  The Triangle Metro Center station will be a 
major station in the TTA’s Phase I Regional Rail System, and a key transfer hub for 
regional transit services.  This study focuses primarily on NC 54 and I-40, although other 
routes were considered as the study progressed. 

I-40 is the transportation lifeline for the Research Triangle region.  Ranging from four to 
eight lanes within the study area, the freeway is now congested.  As a result of rapid 
regional growth, much of it fueled by the research and development activities in the RTP, 
traffic is projected to continue to increase and almost double over the next 25 years or 
so.  Conditions on I-40 can be expected to worsen since opportunities to add more 
highway capacity are very limited. 

NC 54 is a two to four-lane arterial that approximately parallels I-40.  Some 
improvements are planned. However, traffic conditions are anticipated to deteriorate 
because of growing traffic demands.   

In addition to the studies mentioned above, a number of other studies have implications 
for transit in the NC 54/I-40 corridor.  These were considered in this study and include: 



Figure 1-1: Project Study Area
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• The I-40 High Occupancy Vehicle (HOV)/Congestion Management Study, which 
is assessing the feasibility of HOV and express lanes on I-40. 

• The US 15-501 Major Investment Study (MIS), which evaluated the feasibility of 
transit improvements between Duke University in Durham and the UNC-Chapel 
Hill. 

• The Raleigh-Durham International Airport Connection Study, which is evaluating 
the feasibility of transit improvements between the Phase I Regional Rail line and 
RDU. 

• The Center of the Region Enterprise (CORE) study, which has developed land 
use and transportation concepts for the RTP and surrounding areas. 

Summaries of these studies can be found in Appendix A. 
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2.0 STUDY APPROACH 

Phase I of the study comprised three streams of effort over an approximately six-month 
period: 

• Technical studies and analyses. 
• Technical and policy committee meetings. 
• Distribution of two newsletters and preparation of a web page.  

2.1 TECHNICAL TASKS 
The study process involved the following key technical tasks: 

• Established objectives and feasibility criteria - established the objectives for 
transit improvements in the corridor and the criteria for determining the feasibility 
of investment in transit improvements.  

• Reviewed future land use projections – reviewed and as necessary, refined the 
land use scenarios that were utilized in selecting potential transit alignments and 
estimating ridership by checking if the socio-economic projections in the Triangle 
Regional Model (TRM) were reasonably representative of future conditions. 

• Undertaken environmental screening - identified environmentally sensitive and 
residential areas so impacts could be minimized when transit alignment 
alternatives were selected. 

• Identified potential technologies and operating scenarios - identified and 
described the transit technologies that were assumed in identifying feasible 
alignments, and developed initial operating scenarios for estimating ridership and 
other travel statistics. 

• Developed potential alignments - identified and mapped potential transit 
alignments, including the potential for a continuous exclusive right-of-way. 

• Prepared order-of-magnitude cost estimates - prepared order-of-magnitude 
capital costs for the potentially feasible alternatives. 

• Estimated ridership - prepared daily ridership estimates for the corridor alignment 
alternatives. 

• Evaluation, findings, and initial recommendations - determined the feasibility of 
transit improvements in the corridor. 

• Final recommendations and report - documented the process, findings and 
recommendations. 
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2.2 PROJECT COMMITTEES 
The study was undertaken by a consultant team, and was guided by regular meetings (a 
total of eight) with a Policy Advisory Committee and Technical Committee.  Team 
members are listed below: 

Policy Advisory Committee  
 
Bill Bell City of Durham 
Ty Cox NCDOT Board of Trustees  
Carolyn Elfland UNC-Chapel Hill 
Kevin Foy Town of Chapel Hill 
David King NCDOT 
Ellen Reckhow Durham County 
 representative on the TTA Board 
Jim Roberson Research Triangle 
 Foundation 
Bill Strom Town of Chapel Hill 
 representative on the TTA Board  
 

Technical Committee  
 
Mark Ahrendsen City of Durham/DCHC MPO  
Amanda Arnold Triangle Transit Authority 
David Bonk Town of Chapel Hill 
Frank Duke Durham City/County Planning 
John Hodges-Copple Triangle J COG 
Joe Huegy Triangle Transit Authority 
Scott Lane CAMPO, ex-officio  
Sandy Ogburn, Triangle Transit Authority  
Liz Rooks Research Triangle Foundation  
Tim Saunders UNC-Chapel Hill 
Tamra Shaw NCDOT 
 

The consultant team met with the committees regularly to inform and receive feedback 
and guidance on technical and policy issues.  The Policy Advisory Committee ultimately 
made the final recommendation on whether or not to proceed to a more detailed (Phase 
II) study of the corridor. 

The consultant team comprised: 

• Martin/Alexiou/Bryson, PLLC (M/A/B) - overall project management, planning, 
evaluation, forecasting, and traffic-related services 

• Parsons Transportation Group - rail and roadway engineering  
• URS Corporation - transit planning, busways and bus operations  
• Simon Resources, Inc. - public involvement and web page 

2.3 PUBLIC INVOLVEMENT 
Because Phase I of the study was focused on exploring the technical feasibility of 
implementing high capacity transit in the corridor, public involvement  was limited to 
introducing the public to the study and keeping it informed of progress.  An extensive 
mailing list (approximately 1,200 people) and a project web page were developed 
(www.mabtrans.com/nc54).  Two newsletters were mailed during the course of the 
study.  These can be found in Appendix B.  A much more interactive public involvement 
process involving multiple meetings and workshops would be used for Phase II. 
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3.0 CORRIDOR OBJECTIVES AND FEASIBILITY 
CRITERIA 

3.1 CORRIDOR OBJECTIVES 
The following specific objectives for transit service in the corridor were developed early 
in the study to guide the selection and evaluation of alternatives, and assessment of 
feasibility: 

Transportation and Mobility 

• Improve mobility between Chapel Hill and the Research Triangle Park and areas 
to the east. 

• Improve the reliability of travel in the corridor (by enabling more predictable trip 
times, particularly in the event of an incident that blocks lanes on I-40). 

• Maximize transit ridership in the corridor. 

• Complement existing and planned transportation facilities in the corridor, 
particularly the I-40 highway and any future I-40 HOV lanes. 

• Serve short to medium distance trips (e.g., Chapel Hill to RTP). 

• In the absence of HOV lanes on I-40, serve long and medium distance regional 
trips in conjunction with park-and-ride and connections to other transit services 
(e.g., travel between Chapel Hill or Chatham County and Raleigh). 

• Complement and enhance existing and planned regional transit service and 
accessibility. 

• Preserve and manage existing and planned transportation facilities that may be 
used by the selected transit alternative. 

• Ultimately allow for rail service if this is likely to be cost-effective in the longer 
term (25 plus years). 

• Reduce the vehicle miles of automobile travel in the corridor. 

• Reduce the reliance on the automobile. 

Land Use 

• Support the vision and objectives of the NC 54/I-40 Corridor Study Plan and the 
Durham 2020 Comprehensive Plan. 

• Promote and shape development patterns to enhance the convenience of using 
transit and to increase transit ridership. 
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Community Impacts 

• Minimize any detrimental impacts of the construction or operation of transit 
service on the community. 

Environmental Impacts 

• Minimize any detrimental impacts of the construction or operation of transit 
service on the natural environment. 

Cost-effectiveness 

• Make an investment in transit improvements that is commensurate with the 
projected level of ridership and other benefits that are anticipated to result. 

• Allow transit improvements to be phased in over time as warranted by ridership 
and other corridor objectives. 

Implementability 

• Identify transit improvements that are supported by local and state government 
decision makers, corridor stakeholders, and the affected community. 

3.2 PHASE I FEASIBILITY CRITERIA 
The objectives described above apply to transit service in the corridor.  The purpose of 
Phase I of the study was to determine if a feasible alignment and technology 
combination to provide that service exists.  Phase I was not intended to evaluate and 
compare alternatives for the purpose of identifying the preferred combination, which 
would be the focus of Phase II.  Therefore, a limited number of feasibility criteria and 
measures in Phase I were developed to assist in determining the overall feasibility of 
high capacity transit improvements, and to provide a comparison with other corridors in 
the region and across the US.  Criteria and measures in Phase II would be designed to 
capture the full range of objectives. 

Cost-effectiveness is a key feasibility criterion.  It integrates two of the most critical 
elements of the transit system - the cost to construct and operate the system, and the 
number of people who will use and benefit from it.  Potential cost-effectiveness 
measures that were considered are discussed below.  

FTA New Starts Criteria and Measures 
The Federal Transit Administration (FTA) applies a number of criteria for evaluating New 
Starts transit projects (major transit capital investment projects seeking federal funding).  
It is important to note that the objectives outlined above for the corridor are consistent 
with these.  The FTA criteria, revised in July 2001, include: 

• Mobility benefits (travel time savings, low-income households served, number of 
jobs within a half-mile of stations). 
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• Environmental benefits (change in pollutant emissions, compliance with national 
ambient air quality standards, and change in regional fuel consumption). 

• Operating efficiencies (change in system operating costs per mile). 

• Cost-effectiveness (incremental change in costs per incremental passenger, 
incremental cost divided by transportation system user benefits). 

• Existing land use, transit supportive land use policies, and future patterns 
(degree to which land use policies are transit supportive). 

• Other miscellaneous factors. 

Of relevance for determining cost-effectiveness in the Phase I study are: 

• Mobility Improvements:  annual travel time savings (resulting from the proposed 
transit project only).  

• Cost-effectiveness:  incremental cost divided by transportation system user 
benefits expressed as dollars per hour of transportation system user benefits 
(user benefit expressed in hours). 

• Other Factors:  additional ridership forecast (the additional ridership that would 
result if the proposed system exists in the current year). 

Use of the FTA New Starts criteria were considered but not recommended for the Phase 
I study, for the following reasons:  

• Estimating annual travel time savings would require application of a recent 
software package called SUMMIT which, at the time of the study, had not been 
adapted to the travel forecasting model used for the study (the Triangle Regional 
Model, TRM).  

• The incremental cost divided by transportation system user benefits requires that 
travel time savings mentioned above be estimated. 

• A scenario with current year socio-economic data and transportation networks is 
not available in the TRM to forecast the additional ridership that would result if 
the proposed system existed today. 

• Since the mobility improvements and cost-effectiveness criteria are new FTA 
measures, it is unlikely there are similar statistics for comparison.   

Recommended Criteria 

Cost-Effectiveness Measures 
The cost-effectiveness measures selected for Phase I are those used for the Major 
Investment Study (MIS) recently completed for the US 15-501 corridor from Duke 
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University to the UNC-Chapel Hill main campus.  This corridor is a Phase II element of 
the Regional Transit Plan.  These are criteria or measures that were commonly used 
prior to introduction of the FTA’s revised criteria described earlier, and are:   

Cost per transit user for the corridor (dollars per rider per year) = 

Total annualized capital cost plus annualized operating and maintenance costs  
Total annual ridership (unlinked trips) 

Cost-effectiveness measure (incremental cost per incremental user) = 

Total annualized capital cost plus annualized operating and maintenance costs  
Total annual new ridership (linked trips) 

In both cases the cost refers to the high capacity transit being studied for the NC 54/I-40 
corridor.  Ridership for the first measure is the total number of riders (boardings) in the 
corridor, while the new ridership used in the second measure is the number of new or 
additional transit riders that use transit in the entire Research Triangle region as a result 
of adding high capacity service in the NC 54/I-40 corridor.    

These measures are recommended for the following reasons: 

• The data can readily be developed. 

• The data allow comparisons with local projects (TTA Phase I Regional Rail and 
the US 15-501 Corridor). 

• The data allow comparisons with New Starts projects already submitted to the 
FTA using the old criteria. 

Other Criteria 
Other criteria that were considered in Phase I include: 

• The degree to which the transit service supports the land use vision and 
objectives for the corridor. 

• The absence of any environmental fatal flaws that would prevent constructing or 
operating the system. 

• The absence of community impact fatal flaws that would prevent constructing or 
operating the system. 
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4.0 FUTURE LAND USE 

One measure of feasibility, and an element of the cost-effectiveness measures 
described in Section 3.0, is transit ridership.  Ridership, which is very dependent on the 
amount and arrangement of future land uses within the corridor, was projected using the 
Triangle Regional Model (TRM).  The model includes adopted 2025 land use data for the 
region (socio-economic projections, specifically households/dwelling units and 
employment).  This set of adopted land use data was used to develop the base case 
transit ridership for Phase I.  The 2025 TRM traffic analysis zones (TAZs) for the study 
area are defined in Figure 4-1, and the associated existing and adopted 2025 TRM 
socio-economic data are shown in Figure 4-2 and Figure 4-3.  The adopted land use 
data, which is based on adopted land use plans, were reviewed and refined to more 
accurately reflect recent development trends in the corridor. 

4.1 ADJUSTED LAND USE 
The socio-economic data in the TRM are updated on a regular basis to account for 
revised regional growth projections, growth policies, development trends, etc.  At any 
particular point in time, the projections may not reflect actual development patterns and 
trends, or updates in land use plans.  A review of the TRM land use projections 
determined that future development in the corridor could be considerably more intensive 
than indicated by the data. 

Because transit ridership is very sensitive to corridor land uses, an additional land use 
scenario was prepared to test the impact of more intensive corridor development.  Since 
the purpose of Phase I of the study is to make a preliminary feasibility determination only 
(i.e., determine if high capacity transit has a reasonable chance of being feasible, to be 
more rigorously tested in a more detailed subsequent study phase), it is important that 
Phase I does not eliminate transit options because of unrealistic or outdated land use 
data which, in a more typical corridor study, would be formally reviewed and adjusted as 
needed.  In fact, Phase II could include identifying and planning transit-supportive land 
uses in the corridor, particularly in the station areas.  Therefore, it is critical that in Phase 
I the ridership impact of more intensive development is not ignored.  

The more intensive land use scenario (called adjusted land use) was developed by 
comparing the dwelling unit and employment data in the TRM for the TAZs within the 
corridor with other data sources.  The results of this review are outlined below.  One 
source of data is the NC 54/I-40 Corridor Study Plan.  The Durham Board of County 
Commissioners and City Council have adopted two different plans for the corridor 
(available from the Durham City/County Planning Department).  The significant 
differences are in the area of the Streets at Southpoint Mall, where the city plan permits 
greater densities than the county plan.  No adjustments to the TRM data have been 
made in these areas.    

The socio-economic data developed for the adjusted land use scenario are shown in 
Figure 4-4 and Figure 4-5 (along with the existing and 2025 data).  
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Figure 4-4: Study Area Dwelling Units: 2000, 2025 and  Adjusted 2025 Values
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Figure 4-5: Study Area Employees:1995,  2025 and  Adjusted 2025 Values
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4.2 HOUSEHOLD/DWELLING UNIT DATA 

Traffic Analysis Zone Data 
A comparison of the 2000 census data and the 2025 projections in the TRM using GIS 
mapping revealed that the TRM data may be under-projecting growth in dwelling units 
between 2000 and 2025 in 63 of 123 zones in the corridor.  The two sets of data are 
shown in Figure4-2. The reasonableness of the census data was verified by reviewing 
parcel data provided by the City of Durham for selected TAZs.   

Table 4-1 shows the comparison of the census data and 2025 projections for those 
zones within the corridor where the projections are lower than current development.  It 
can be seen that the projected decline in some of the zones is severe enough that transit 
ridership could be significantly underestimated. 

From discussions with Durham Planning Department staff, two factors were identified 
that may explain the under-projections: 

• The model projections were prepared prior to the most recent land use plans 
(including the recommendations in the NC 54/I-40 Corridor Study Plan). 

• Rezoning and development approvals have not necessarily followed the land use 
plans, resulting in different land uses or more intensive land uses. 

For the purpose of testing a more intensive land use scenario, it was decided to use the 
census data as the basis for projecting 2025 growth in those zones where a decline or 
unrealistically low level of growth was projected in the model.  Where the 2025 projection 
was lower than the census number, the following approach was used to adjust the 2025 
data: 

• Where the 2025 projections were less than the census data, the latter were used 
as a minimum.  

• For some zones where additional information was available, this information was 
used to make adjustments (refer to section on Specific Locations). 

Table 4-1 shows projected and adjusted dwelling unit numbers, with significant 
adjustments highlighted.  Figure 4-4 shows the adjusted data by zone.  The total 
difference in the number of dwelling units in the corridor zones between the TRM and 
adjusted values is 8,487.  This represents a 31 percent increase over the projected 
26,905 dwelling units in the TRM, to an adjusted 35,392 dwelling units. 
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Table 4-1:  Projected and Adjusted Dwelling Units1  

 TRM Area 2000 Census2 2025 TRM3 Growth Adjusted  
TAZ (Acres)    For Study 

1391 235.6 39 0 -39 39 
1414 143.9 331 6 -325 331 
1416 115.0 271 44 -227 271 
1417 161.2 57 43 -14 57 
1418 19.6 1 0 -1 1 
1419 222.8 30 29 -1 30 
1421 268.3 86 0 -86 86 
1427 47.4 164 72 -92 164 
1429 538.0 565 504 -61 565 
1432 13.0 25 24 -1 25 
1495 398.6 301 287 -14 301 
1613 24.0 68 54 -14 68 
1614 7.2 4 0 -4 4 
1615 7.9 4 0 -4 4 
1616 3.0 1 0 -1 1 
1618 16.3 44 0 -44 44 
1620 6.6 31 29 -2 31 
1622 16.1 66 46 -20 66 
1623 21.4 52 37 -15 52 
1624 8.6 3 0 -3 3 
1625 54.9 257 0 -257 257 
1626 104.0 189 0 -189 189 
1627 45.1 213 0 -213 213 
1628 15.8 72 20 -52 72 
1629 21.1 17 0 -17 17 
1630 7.4 130 0 -130 130 
1631 5.8 19 4 -15 19 
1633 5.8 14 11 -3 14 
1634 8.9 44 1 -43 44 
1635 48.6 195 0 -195 195 
1636 3.9 3 0 -3 3 
1637 3.8 24 0 -24 24 
1638 2.6 7 0 -7 7 
1639 7.8 29 0 -29 29 
1640 28.0 25 15 -10 25 
1641 6.4 5 1 -4 5 
1642 13.2 55 23 -32 55 
1643 8.6 24 21 -3 24 
1679 5.9 29 28 -1 29 
1681 6.5 19 18 -1 19 
1683 3.7 7 0 -7 7 
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Table 4-1, continued  

 TRM Area 2000 Census2 2025 TRM3 Growth  Adjusted  
TAZ Acres    For Study 

1684 6.6 35 33 -2 35 
2181 740.0 193 14 -179 193 
2182 423.8 7 5 -2 7 
2186 731.9 4 0 -4 4 
2187 702.6 8 19 11 1712 
2188 346.4 267 260 -7 267 
2192 290.0 7 3 -4 182 
2196 385.3 1 0 -1 1 
2200 519.6 2 0 -2 2 
2249 633.1 191 500 309 551 
2250 638.2 2100 768 -1332 2100 
2252 535.3 1293 980 -313 1293 
2255 224.2 295 210 -85 295 
2256 570.9 383 373 -10 383 
2261 527.5 101 1044 943 2000 
2263 647.8 1036 543 -493 1036 
2265 734.2 414 19 -395 395 
2267 372.0 290 101 -189 290 
2269 135.0 417 190 -227 417 
2270 9.3 1 0 -1 1 
2271 68.3 137 117 -20 137 
2272 278.1 927 724 -203 927 
2273 188.2 6 0 -6 6 
2289 468.9 342 338 -4 342 

¹ TAZ with significant adjustments highlighted 
² 2000 US Census Block Level data aggregated to TAZ level 
3 2025 Triangle Regional Model data 

Specific Locations 
The following specific site information was considered in making adjustments (starting 
from the west): 

• Zone 2261: In the northwest quadrant of NC 54 and I-40 the TRM shows the 
number of households increasing from 105 to 1,044 between 2000 and 2025.  
More recent planning for the area that extends from NC 54 to Ephesus Church 
Road suggests that approximately 2,000 dwelling units could be developed.  

• Zone 2263: South of NC 54 and east of Barbee Chapel Road, there has been 
recent growth of apartments and single family housing.  The adjusted number of 
dwelling units from the 2000 census data accurately reflects the recent 
development.  
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• Zone 2250: This zone, north of I-40 between Fayetteville Road and Barbee 
Road, is now high-density residential and probably close to being built out, 
therefore the census data is used as the adjusted projected value. 

• Zone 2249: In the area north of I-40 and east of Barbee Road medium density 
residential housing is expected on approximately 45 acres.  The 500 dwelling 
units projected for this zone is low.  Adjusted dwelling units reflect 2000 existing 
units and 360 additional units for the new development.  The estimated 360 
additional units (over the 2000 Census count) were derived using a factor of eight 
units/acre. 

• Zone 2192: This zone contains the 16-acre Lowes Grove Elementary School site.  
Although there are no development proposals for this site at this time, it is 
expected to be developed as mixed-use.  For the purpose of this study, it is 
assumed that the density of development will be similar to that proposed for the 
25-acre Triangle Metro Center site.  The Lowes Grove site is 73% the size of the 
Triangle Metro Center site.  Adjusted dwelling unit numbers are prorated based 
on this size difference.  The adjusted dwelling units for this site are thus 182.      

• Zone 2187: This zone is located primarily in the RTP.  Development is planned in 
this TAZ that includes the addition of the Triangle Metro Center and development 
of the Wilkinson and Searl properties.  Added dwelling units are expected in both 
developments. The Triangle Metro Center is planned as a mixed-use 
development that will include 250 dwelling units.  The Wilkinson and Searl 
properties south of the Nortel Campus are expected to be developed within the 
next few years.  This area will likely be zoned as mixed-use.  The two properties 
total approximately 158 acres, half of which may be developed as residential 
based on the following guidelines: 

Ø 39.5 acres residential with a density of 12 units per acre 
Ø 39.5 acres residential with a density of 25 units per acre 

It should be noted that the Durham City/County zoning regulations were recently 
changed to allow up to 80 units an acre in Regional Rail station areas.  
Therefore, it is conceivable that an even higher number of units could be 
developed on this site.   

Projected dwelling units in the TRM for this TAZ are low at 19 units.  Based on 
the expected development of this TAZ, the adjusted number of dwelling units is 
estimated at 1,712. 

Other key zones that were reviewed, but the TRM data retained, were: 

• Zone 2280: Residential zoned area east of 751 and south of Renaissance 
Parkway is now built-out with apartments.  The projected number of dwelling 
units was not adjusted because estimates are probably accurate. 

• Zone 2193: East of NC 55 and south of NC 54, not much development is planned 
in that area so the projection for eight dwelling units is probably correct. 
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• Zone 2262: The Lloyd property on the north side of NC 54 within the Town of 
Chapel Hill limits.  This property could become available in the near future, but 
dwelling unit values were not adjusted since the tract is not large. 

4.3 EMPLOYMENT DATA 

Traffic Analysis Zone Data 
Projected employment data also was intensified in certain sections of the study area 
based on information provided by Research Triangle Foundation staff and data on 
planned or potential development.  1995 and 2025 TRM employment is shown in Figure 
4-3.  The TRM projected employment for the entire study area prior to adjustments is 
96,428 employees.  Following adjustments, the total number of employees in the study 
area rose to 119,889.  The adjustments made represent a 24 percent (23,461 
employees) increase from TRM projections.  Table 4-2 shows the adjusted values for 
these zones with significant changes highlighted and described in subsequent sections.  
Table 4-3 provides a description of the potential development for some of these zones.  
Figure 4-5 shows the adjusted data.  

Research Triangle Park 
Employment projections for the traffic analysis zones within the Research Triangle Park 
were reviewed with Research Triangle Foundation staff.  It was determined that the 
projections in several of the zones were low. These were adjusted based on updated 
current employment data, planned expansions, and holding capacity.  

Table 4-2:  Projected and Adjusted Employees  

TRM  Area 1995 Total 2025 Total Model  Adjusted  
TAZ (Acres) Employment¹  Employment¹ Growth For Study 
1412 N/A 109 569 460 1069 
1414 N/A 244 264 20 664 
1614 N/A 522 885 363 1385 
1617 N/A 0 1093 1093 1593 
1626 N/A 5841 8407 2566 9407 
2187 702.6 3019 5019 2000 18788 
2189 379.1 1702 3302 1600 4000 
2190 207.4 860 860 0 1900 
2191 290.3 1775 1975 200 2500 
2192 290.0 920 1120 200 3490 
2197 196.4 1600 1600 0 2500 
2198 139.4 841 841 0 841 
2278 173.3 0 225 225 1433 

¹ TAZ with significant adjustments highlighted 
2 2025 Triangle Regional Model data 
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Table 4-3:  Summary of Significant Adjustments by Proposed Development 

  Proposed Development Employees 

TRM   Office Commercial Hotel         
TAZ Development Name (sf) (sf) (Rooms) Office Commercial Hotel Total 
2278 Renaissance Center 188,000 178,680 250 752 536 160 1,448 
2192 Lowes Grove School 

site 
560,640 0 204 2,243 0 131 2,373 

2187 Triangle Metro Center 768,000 0 280 3,072 0 179 3,251 
2187 Nortel 204,000 0 0 1,000 0 0 1,000 
2187 Wilkinson and Searl 

Property 
1,720,620 632,000 0 6,882 1,896 0 8,778 

 

Two zones that include areas within and outside the RTP are worthy of mention: 

• Zone 2192: This zone contains the 16-acre Lowes Grove Elementary School site, 
which is expected to be developed as mixed-use.  It is assumed that the 
development will follow that proposed for the Triangle Metro Center site.  The 
Lowes Grove site is 73% the size of the Triangle Metro Center site and so 
Triangle Metro Center employment development has been prorated accordingly.  
Expected land uses could include: 

Ø 560,640 square feet of office space 
Ø A 204-room hotel 

Projected employment for zone 2192 was adjusted based on the carrying 
capacity of existing buildings as well as the proposed developments listed above.  
Employment figures were estimated using the following employment rates: 

Ø 4 employees per 1000 square feet office development 
Ø 0.64 employees per room for a hotel 

• Zone 2187 is located primarily in the RTP.  Potential development in this TAZ 
includes an expansion to the Nortel Campus, the addition of the Triangle Metro 
Center, and development of the Wilkinson and Searl properties (south of Nortel, 
to Hopson Road).  

Ø Nortel proposes two new buildings, with a total of 204,000 square feet of 
office space that could house 1,000 new employees.   

Ø The Triangle Metro Center is planned as a mixed-use development that 
will include two non-residential land uses: 

- 768,000 square feet of office space 
- A hotel with 280 rooms 

Ø The Wilkinson and Searl properties south of the Nortel Campus are 
approximately 158 acres together, half of which is assumed to be 
developed for the following employment land uses: 
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- 632,000 square feet of commercial on 39.5 acres at a 
development rate of 16,000 square feet per acre 

- 1,720,620 square feet of office on 39.5 acres at a development 
rate of 34,850 – 43,560 square feet per acre (the larger value was 
used to calculate square footage). 

Projected employment values for zone 2187 were adjusted based on the carrying 
capacity of existing buildings as well as the proposed developments listed above.  
Employment figures were estimated using the following employment rates: 

Ø 4 employees/1000 square feet office development 
Ø 5 employees/1000 square feet commercial development 
Ø 0.64 employees/room for a hotel 

The holding capacity of other zones located within the RTP can be calculated based on 
the average rate of 16 employees per acre.  The total acreage that falls within the RTP 
for the NC 54 study area is approximately 4,210 acres.  The total holding capacity of this 
portion of the RTP is estimated at approximately 67,400 employees.  Current 
employment figures at RTP show 43% of holding capacity being filled.  The projected 
number of employees in the 2025 TRM is 32,253, which corresponds to 48% of the 
capacity. 

Staff at the Research Triangle Foundation expects all of the land to be sold by the year 
2025, but not all that land is expected to be developed and occupied at that time.  Based 
on a zone by zone review, the total adjusted number of employees for the more 
intensive scenario is calculated at 49,185, which represents 73% of the holding capacity 
of the land.  

The University of North Carolina at Chapel Hill 
The employment data for the University of North Carolina at Chapel Hill shows TRM 
projected employment for the 25 zones that comprise the main campus as 16,849.  The 
current square footage of all buildings on the main campus is approximately 13.5 million.  
The Development Plan for the main campus, which adds 5.9 million square feet of new 
floor area, projects 17,600 employees for the main campus by the year 2010 (an 
increase of approximately 4,500 employees).  The Main Campus Master Plan allows for 
an additional 5 million square feet (for a total expansion of 11 million square feet). 

The timing for the ultimate buildout is unknown at this time.  Assuming an additional 3 
million square feet is added between 2010 and 2025 (historically the campus has grown 
by about 2 million square feet every decade), and prorating growth based on the 
Development Plan increases, there could be 19,800 employees on the main campus by 
2025.  Therefore, the 2025 TRM employment on the campus has been increased by 
2,951 employees (spread over the zones identified for growth in the Master Plan).  

Other Areas 
The TRM projections have been retained in the other corridor zones, with the following 
exception:  
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• Part of Zone 2278 on the southeast corner of the intersection of Fayetteville 
Road and Herndon Road has been re-zoned as mixed-use to accommodate the 
Renaissance Center development.  The 50.1-acre site will include: 

Ø A six-story hotel with 201,600 square feet and 200-250 rooms 
Ø 178,680 square feet of commercial space  
Ø 188,000 square feet of office space 

Adjusted employment figures for this area are based on the following rates: 

Ø 4 employees per 1000 square feet office development 
Ø 5 employees per 1000 square feet commercial development 
Ø 0.64 employees per room for a hotel 
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5.0 ENVIRONMENTAL SCREENING 

An environmental screening was undertaken to identify environmentally sensitive and 
residential areas so impacts could be minimized during the selection of alignment 
alternatives and to determine if there are any environmental fatal flaws that could 
prevent building or operating a high capacity transit system in the corridor.  
 
A land suitability map was prepared (see Figure 5-1) using data from the City of Durham 
GIS department and from windshield surveys.  The map shows wetlands, 
neighborhoods, schools, churches, cemeteries, and city parks in the project study area.  
(Year 2000 census data for low-income and minority areas were not available at the time 
of this study.  This information would be detailed if the project continues to Phase II.)  
The environmental findings are discussed in the evaluation section, Section 11.0.  It 
should be noted that the Chapel Hill portion of the study area underwent a detailed 
screening and impact assessment for the US 15-501 MIS.  Since this study assumes the 
same alignment for that end of the project, that portion of the study area was not re-
evaluated for this study. 

As Phase I of the study is intended to provide a general feasibility assessment, 
environmental resource agencies were not consulted.  This would occur in Phase II. 

5.1 SENSITIVE AREAS AND COMMUNITY FACILITIES 

Wetlands 
There are three substantial wetland areas, as indicated on the map:  near the eastern 
end of the study area adjacent to the Parkwood neighborhood (referred to as Wetland 1 
in the text); just east of the I-40/NC 54 interchange (this runs the entire width of the study 
area, and is referred to as Wetland 2); and just west of the I-40/NC 54 interchange 
(includes Waterfowl Impoundment Area, referred to as Wetland 3). 

Schools 
There are four public schools within the study area (one is in the Chapel Hill portion).  In 
addition, UNC-Chapel Hill is located at the western end of the corridor. 

Parks, Greenways and Buffers 
There are two city parks in the study area, both north of I-40 and NC 54.  Finley Golf 
Course is located near the western end of the corridor, in Chapel Hill. 

A 100-foot wide vegetation buffer parallels I-40 in Durham County.   

In addition, a portion of the American Tobacco Trail is located in the study area, near 
The Streets at Southpoint Mall.   
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Churches/Cemeteries 
Numerous churches and cemeteries are scattered throughout the study area.  These are 
shown on the map.   

Neighborhoods 
Neighborhoods with formal organizations are labeled on the map in Figure 5-1.   

Minority and/or Low-Income Areas 
Year 2000 census data, by census tract and TAZ, were not available at the time of this 
study. A review of 1990 census data by TAZ indicates only one area in the study area 
with a minority concentration of greater than 50 percent.  This area is just west of NC 55, 
between NC 55 and Parkwood.  The same area is also identified as low-income 
according to 1990 census data.   

Businesses 
There are numerous businesses within the corridor, ranging in size from The Streets at 
Southpoint Mall to fast food restaurants.  Because of their number, these are not labeled 
on the map.  Potential impacts were assessed from a windshield survey.   

Protected Species 
A detailed evaluation of the existence of these species in the corridor will need to be 
done if Phase II proceeds but as of May 31, 2002, the US Fish and Wildlife Services lists 
the following protected species for Durham and Orange counties: 

Durham County: 

Common Name  Scientific Name   Status 

Vertebrates 
Bald eagle   Haliaeetus leucocephalus  Threatened  
         (proposed for delisting) 
Carolina darter  Etheostama collies lepidinion  FSC 
Pinewoods shiner  Lythrurus matutinus   FSC 

Invertebrates 
Atlantic pigtoe   Fusconaia masoni   FSC 
Green floater   Lasmigona subviridus   FSC 
Panhandle pebblesnail Somotogyrus virginicus  FSC 
Septima’s clubtail dragonfly Gomphus septima   FSC 
Yellow lampmussel  Lampsilis cariosa   FSC 

Vascular Plants 
Butternut   Juglans cinerea   FSC 
Michaux’s sumac  Rhus michauxii   Endangered 
Smooth coneflower  Echinacea laevigata   Endangered 
Sweet pinesap  Monotropsis odorata   FSC
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Figure 5-1: Environmental Screening Map 
(Note: Alignments are conceptual to test transit feasibility. Actual alignments would be determined in Phase II of the study if transit is determined to be feasible.) 
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Common Name  Scientific Name   Status 

Tall larkspur   Delphinium exaltatum   FSC 
 
Nonvascular Plants 
A liverwort   Plagiochila columbiana  FSC 
 
Orange County: 

Common Name  Scientific Name   Status 

Vertebrates 
Carolina darter  Etheostoma collies lepidinion  FSC 
Carollina redhorse  Moxostoma sp.   FSC 
Red-cockaded woodpecker Picoides borealis   Endangered** 
 

Invertebrates 
Atlantic pigtoe   Fusconaia masoni   FSC 
Brook floater   Alasmidonta heterodon  FSC 
Carolina well diacyclops Diacyclops jeanneli putei  FSC* 
Dwarf wedge mussel  Alasmidonta heterodon  Endangered 
Green floater   Lasmigona subviridis   FSC 
Savanna lilliput  Toxolosma pullus   FSC 
Yellow lampmussel  Lampsilis cariosa   FSC 

Vascular Plants 
Butternut   Juglans cinerea   FSC 
Michaux’s sumac  Rhus michauxii   Endangered 
Small-whorled pogonia Isotria medeoloides   Threatened 
Smooth coneflower  Echninacea laevigata   Endangered* 
Sweet pinesap  Monotropsis odorata   FSC 
 
Nonvascular Plants 
A liverwort   Plagiochila columbiana  FSC 

Notes: 
1. Endangered – “in danger of extinction throughout all or a significant portion of its 

range” 
2. Threatened – “likely to become endangered within the foreseeable future throughout 

all or a significant portion of its range” 
3. FSC – Federal species of concern—a species that may or may not be listed in the 

future  
4. * - historic record – the species was last observed in the county more than 50 years 

ago 
5. ** - obscure record – the date and/or location of observation is uncertain 
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6.0 POTENTIAL TRANSIT TECHNOLOGIES 

Three transit technologies were considered for the corridor in Phase I: 

• Bus Rapid Transit (BRT), a hybrid consisting of buses operating on a 
combination of busways and on roads in mixed traffic (a busway consists of 
buses operating completely in a dedicated right-of-way and/or a high occupancy 
vehicle (HOV) lane); 

• Diesel Multiple Units (DMUs) consisting of diesel-powered, self-propelled rail 
cars (a light-weight version of the vehicles proposed for TTA’s Phase I Regional 
Rail service between Duke University and north Raleigh); and 

• Light Rail Transit (LRT) consisting of electrically-propelled rail cars operating in 
exclusive corridors or on roads. 

The following technology descriptions were extracted from Chapters II and III of the US 
15-501 Major Investment Study, Phase II Report (HNTB North Carolina, P.C., December 
2001).  Where appropriate, the information has been edited to apply to the NC 54/I-40 
corridor.  It should be noted that the information provided here is in excess of that 
required for undertaking Phase I of the NC 54/I-40 study, but is included as it would be 
useful if the study proceeds to Phase II.   

More detailed transit technology information is included in Appendix C. 

6.1 BUS RAPID TRANSIT 

General Description 
The term, “bus rapid transit” (BRT), refers to buses operating entirely on an exclusive or 
reserved right-of-way that permits high speeds or partly on streets in mixed traffic.  It 
may include reverse lane operations on limited access roads. The ability of rubber-tired 
buses to operate on all kinds of paved roads suggests that BRT may be more generally 
defined as: 

Bus Rapid Transit (BRT): A specialized form of bus transit that 
incorporates operation on exclusive and/or reserved alignments over a 
significant portion of its route.  Such facilities may include dedicated 
busways, high occupancy vehicle (HOV) lanes within highways or streets, 
and/or transit malls.  Portions of BRT routes may also use general traffic 
lanes to provide single-seat pick-up or distribution service.  In addition, 
BRT may involve automatic vehicle guidance. 

                                                 

1 Gray, Benita H. (ed.).  Urban Public Transportation Glossary.  Transportation Research 
Board, Washington, D.C., 1989. 
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Thus, a standard bus that begins its run in a city center, then travels relatively freely 
along an HOV lane before returning to local streets to distribute its riders, may be 
considered as a lower-level form of BRT.  At the high end of the BRT spectrum would be 
routes located entirely, or almost entirely, on exclusive or reserved right-of-ways as 
defined above, and perhaps using guided buses.  

A busway can offer the same service characteristics as rail operating in its own right-of-
way.  It is particularly compatible with the low-density suburban land uses that 
characterize many growing communities.  BRT technology offers the opportunity to 
establish rapid transit in places that cannot yet justify the cost of rail transit. 

In addition to the lower cost, a key difference to rail is that BRT technology can provide 
some of the flexibility offered by the automobile because the same vehicle does the 
pickup, distribution and line-haul (the high speed) parts of the commuter trip.  In that 
respect, it can be compared to the car user who drives on local streets to the freeway, 
travels on the freeway, and then on local streets again to get to work.  While a BRT 
system includes the traditional feeder buses and park-and-ride lots found on rail rapid 
transit, its key attribute is the buses that combine the feeder, line-haul and distribution 
functions.  With a BRT system, such a bus will loop through a neighborhood picking up 
passengers within convenient walking distance of their homes.  It then can enter a 
busway via a special busway ramp, and travel on the busway and serve on-line stations 
similar to a rail rapid transit vehicle.  It then leaves the busway via another busway ramp 
and circulates through an employment center. 

Because a range of vehicle capacities is feasible, peak period service frequencies can 
be maintained at a high level (i.e., many buses can be operated so that a wait for a bus 
is very short), producing a convenient express type service for all passengers including 
those who must transfer.  BRT technology has application for corridor volumes ranging 
from the upper end of local bus operations of about 1,000 to 2,000 passengers per hour 
up to at least 20,000 passengers per hour (in a single direction).  Current experience in 
Ottawa and Pittsburgh is of busways with peak hour, peak direction passenger volumes 
of between 2,500 and 10,000 passengers.  Daily busway system passenger volumes 
range from 46,000 to 200,000. 

A busway itself is a two-lane, two-way road with shoulders.  The total desirable width 
with 5-foot shoulders is about 35 feet, but can be as low as 28 feet.  In critical sections 
such as on a structure, the width between barriers can be reduced to this minimum.  
Where right-of-way is very restricted, guided bus technology can be used to reduce the 
required width even further (see below). 

To protect the future flexibility to convert the busway to rail, it may be engineered to rail-
compatible geometric standards in terms of curvature, grade and structural clearances.  
The same approach is taken with structural loadings on bridges and retaining walls. 

At stations on the busway, the right-of-way is widened to add platforms.  A typical width 
with two platforms is approximately 50 feet.  Allowing for two through or bypass lanes 
increases the width to approximately 70 feet.  The four-lane width in the station area 
allows some buses to pass through the station as non-stop, higher speed express 
services.  Both dimensions may be narrowed by offsetting the platforms.  Station 
platforms are 120 to 180-feet long and can be designed readily to meet the Americans 
with Disabilities Act (ADA) standards.  The station buildings and facilities can be the 
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same as those required for rail, as simple as a single shelter, or as complex as those 
found on any subway rail system.  Because both stopping and express services can use 
the same stations, station spacing can be as little as 2,000 feet where land use reasons 
dictate.  As with rail, BRT stations can be designed with high platforms and pre-paid 
areas to speed loading and facilitate ADA access. 

Because the BRT bus operates both on and off the busway, the busway can be built in 
discontinuous sections linked by bus lanes or other priority treatments such as signal 
prioritization and queue jumps on arterial roads or freeways.  Exclusive lanes can also 
be dedicated to bus use only on arterial roads.  Use of freeway shoulders as a priority 
treatment also can be a cost-effective way of providing buses with a travel time 
advantage.  This means that the busway can be built incrementally, with priority being 
given to the construction of the busway sections that produce the highest initial benefit 
and rate of return.  This also offers the option of distributing the benefits of rapid transit 
throughout a regional area early on in a transit implementation program rather than 
concentrating them in a particular corridor. 

A key feature of BRT is the ability to offer a high frequency, no-transfer service to a 
higher proportion of trips than is usually the case for rapid transit in suburban areas.  In 
the Ottawa busway system for example, 70 percent of the passengers use this type of 
service and on the Adelaide (Australia) guided busway 64 percent of passengers access 
their bus before it reaches the busway.  This is achieved through the operation of a 
network of one-way high frequency express/limited stop services which in the A.M. peak, 
for example, pick up passengers in residential areas away from the busway, travel on 
the local street system to the busway which they enter using bus ramps.  Once on the 
busway, the buses operate in an express or limited stop mode depending upon the 
demand levels and trip patterns.  The intermediate station stops allow passengers to 
directly access developments next to the stations and to transfer to the all-stops and 
counter peak direction express/limited stop services for travel to other locations in the 
corridor.  In the P.M. peak, the one-way service is provided in reverse. This combination 
of area wide peak and counter peak direction express/limited stop network means that 
all major destinations can be within a one transfer ride of virtually all residential areas.  
These factors translate into per passenger mile operating costs being less than those for 
an equivalent surface bus operation. 

A well-designed and operated HOV lane can provide similar operational benefits to a 
facility dedicated exclusively to buses so long as proper provision is made for on-line 
stations.  Overall, busway/HOV options include: 

• An exclusive facility in its own right-of-way, i.e., a road for buses outside existing 
roadway rights-of-way.  Examples include new rights-of-way in Ottawa, Canada, 
or use of a railroad right-of-way (as in Pittsburgh’s East Busway). 

• An exclusive facility in an existing roadway right-of-way.  These are lanes 
typically built in a freeway right-of-way that are physically separated from the 
other freeway lanes and may have exclusive flyover access ramps.  The Shirley 
Highway in Washington D.C., and the HOV lanes under construction on US 74 
(Independence Boulevard East) in Charlotte are examples of this type of facility. 
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• Non-separated lanes on a freeway or highway, typically the inside lanes which 
have pavement markings and signs to indicate that use is restricted to HOVs.  
There are numerous examples of this type of facility, including an extensive 
network in Orange County, California; I-95 outside of Washington D.C.; and I-95 
north of downtown Miami. 

An arterial street busway developed in Curitiba, Brazil, features fully-enclosed, weather-
protected and air-conditioned stations with platforms that are level with the floor of the 
bus.  This type of station decreases passenger boarding and alighting times, thereby 
reducing overall travel time, and offers passengers a more comfortable and secure 
waiting environment that is similar to many rail transit stations. 

Vehicle Technology 
There have been many recent advances in bus technologies that overcome the image of 
the traditional, diesel-powered bus.  The "standard" 40-foot diesel coach is common for 
street operations in many transit systems, but the 60-foot, articulated bus is often used in 
both street and BRT applications.  Denver’s 16th Street Mall shuttles are a specialized 
100% low floor variant.  Articulated buses are more common on more heavily patronized 
routes, and can carry 80 passengers or more (seated plus standing).  

To improve loading and unloading and make the bus more passenger friendly, a low 
floor design is preferred.  By eliminating steps, this design speeds boarding time as 
passengers can step directly off a platform raised just a few inches above normal curb 
height to the same level as the bus floor.  Low-floor vehicles make it possible to offer the 
same type of vehicle boarding as rail rapid transit, with platforms.  The result is that 
stations can be more readily integrated into urban and suburban streetscapes.  In 
addition, it makes simple ramps, rather than complex lifts, feasible for wheelchair 
accessibility.  This speeds boarding for the disabled and reduces bus weight and 
maintenance costs.  

Several suppliers now offer low-floor buses, in both regular and articulated versions.  
Low-floor buses (in addition to low floor rail vehicles) have become the norm for transit 
systems in Europe and elsewhere. 

Vehicle guidance systems are now available or under development, as are different 
propulsion systems.  These can be mixed and matched to some extent.  The goal is to 
provide a vehicle-guidance and power supply package that combines some of the 
characteristics of light rail while retaining the capability to operate on regular streets as 
well as exclusive transitways.  The vehicles look very similar to LRT vehicles, and if 
electrically-powered are quiet and emissions-free.  Guidance systems also enable the 
bus to precisely dock at a platform with only minimal gap between the bus and platform.  
This of course greatly improves boarding by disabled persons. 

Available systems which guide the vehicle are optical, electro-magnetic and mechanical.  
Optical systems process light reflected from guideway sensors to steer the vehicle.  
Electro-magnetic systems pick up impulses from a continuous series of magnets 
installed in a groove in the guideway to steer and regulate the speed of the vehicle.  
Both of these systems are capable of being over-ridden by the operator and may be 
installed over the entirety of the guideway or in select locations (i.e., stations, tunnels, 
etc.) where precision movement is necessary. 
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Battery-powered vehicles are available but are limited in how long they can operate 
before requiring recharging.  One new technology that avoids this shortcoming is the 
hybrid-electric bus.  Now commonly available, an internal combustion engine operates a 
generator which supplies power to electric motors which in turn drive the vehicle.  An 
important advantage is that the hybrid-electric bus uses a quiet electric motor for 
acceleration, resulting in much quieter operation than is possible with a conventional 
diesel or compressed natural gas (CNG) bus.  The internal combustion engine runs at a 
constant speed, thus, in addition to being inherently quieter than a conventional diesel 
bus, it also eliminates the noise “spikes” which occur during acceleration and 
deceleration.  It also is more fuel efficient and emits fewer pollutants. 

Studies conducted on low-floor hybrid-electric buses in Boston and New York City 
showed major reductions in emissions and significant improvement in fuel economy (30-
65% improvement over conventional diesel and 100% improvement over CNG buses).  
In addition, greenhouse gas emissions including carbon monoxide and methane were 
substantially lower than for either diesel or CNG buses.  Based on these results, New 
York City is budgeting 250 hybrid-electric buses in its next five-year capital plan. 

Another new propulsion technology entails electric power transmitted to vehicles from a 
power strip embedded in the street pavement.  Short sections are energized only when a 
stationary or moving vehicle is above.  At all other points, the power strip is not 
energized, so it poses no hazards to pedestrians or other surface traffic crossing it. 

Fuel cell propulsion also shows great promise but is still in the development stage.  
Under this system, electricity to propel the vehicle is produced from hydrogen gas mixed 
with oxygen.  The only emissions created by these fuel cells are water and carbon 
dioxide.  However, this technology is 10 to 15 years away from being commercially 
available. 

Examples of new bus technologies are shown in Figures 6-1 and 6-2 (additional 
examples are shown in Appendix C3, Figures C3-1 through C3-8) and described in more 
detail in Appendix C1, and include: 

CIVIS.  The CIVIS bus is a high-capacity, double-articulated vehicle that can be 
manually steered or guided via an optical system beneath the center-line of the vehicle 
that processes light reflected from sensors in two closely-spaced painted lines on the 
pavement.  Hub motors provide electric propulsion. 

Tram-on-Tires.  Also high-capacity, double-articulated vehicles which can operate either 
on a segregated electrified lane with a single, central guiding rail embedded in the 
pavement, or as a road vehicle on tires, driven independently and powered by a diesel-
electric system or from an overhead wire.  

It should be noted that guidance systems and more advanced forms of propulsion can 
be phased in over time.  This is the major advantage of bus systems.   
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Figure 6-1:  Modern Bus Technologies 
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Figure 6-1 (cont’d): Modern Bus Technologies 
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6.2 LIGHT RAIL 

General Description 
Light rail transit (LRT) is a flexible transportation mode that can operate in a variety of 
settings.  As the technological descendent of the streetcar, a distinctive feature of LRT is 
that vehicles draw power from an overhead catenary wire.  This is in contrast to heavy 
rail vehicles that usually are powered from a track-level third contact rail.  This overhead 
power collection feature allows LRT systems to be integrated with other at-grade 
transportation modes and pedestrians.  With overhead power collection and the 
availability of articulated LRT vehicles, LRT can operate in mixed traffic on tracks 
embedded in the street (like streetcars), on an at-grade right-of-way with street and 
pedestrian crossings, or on a fully segregated exclusive right-of-way.  

Light Rail Transit (LRT):  A rail transit technology capable of providing a 
broad range of passenger capacities.  Modern electric rail vehicles 
operate singly or as trains.  Taking power from an overhead wire, they 
can run on either exclusive or shared rights-of-way with or without grade 
crossings, or occasionally in mixed traffic lanes on city streets. 

LRT has been continually refined for more than a century in countries around the world.  
By 1975, only eight U.S. cities retained remnants of what had once been a vast network 
of city, suburban, and even intercity trolley lines criss-crossing the country.  All have 
been modernized and renovated since then, and 12 completely new LRT systems have 
been built and placed into revenue service.2  Virtually all the new systems have been 
extended or have plans for additional lines.  Several more cities are actively pursuing 
LRT projects. 

Locational flexibility is the primary defining attribute separating LRT from other rail 
modes, and an advantage LRT shares with BRT.  Tracks can be laid in any of three 
generic right-of-way categories: 
 
Category A - Fully controlled Right-of-Way 
Grade separated (aerial, fill, cut, tunnel), at- grade with no crossings, or widely-spaced 
crossings with signal override and gate protection. 

Category B - Separate Right-of-Way 
Longitudinally separated (curbs, barriers, grade separation) from other traffic, but with 
vehicle and pedestrian grade crossings, e.g., curbed medians, side-of-street 
reservations, private right-of-way with few-to-frequent grade crossings. 

Category C - Shared Right-of-Way 
Surface streets with tracks in lane(s) that are reserved for transit by paint striping and/or 
signals, or lanes that are shared with other traffic. 

                                                 

2 San Diego (1981), Buffalo (1984), Portland (1986), Sacramento and San Jose (1987), 
Los Angeles (1990), Baltimore (1992), St. Louis (1993), Denver (1994), Dallas (1996), 
Salt Lake City (1999), Jersey City (2000). 
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In addition to obtaining its power overhead, one reason LRT can operate in a street 
environment in mixed traffic is that the typical vehicle can negotiate curves as tight as a 
radius of 80 feet and grades up to six percent.  The approximate width of a double track 
LRT system (outside of stations), with vehicles side-by-side on each track, is 28 feet.  
However, the typical right-of-way requirement is considerably higher, approximately 50 
feet.  When adjacent to active freight tracks, additional separation is required, in some 
cases over 100 feet. 

Vehicle Technology 
On most new LRT systems, cars are large (95 feet long), high capacity (80 seats), high 
performance (50-65 mph), and capable of operation in trains of up to four cars (Appendix 
C3, Figure C3-9).  Four double-width doors on each side of each car promote fast 
loading/unloading and, as a result, short station stopping (dwell) times.  Smaller cars are 
used on city streetcar lines throughout Europe (Appendix C3, Figures C3-10 and C3-11).  
In the past, cars with three steps up to a passenger compartment floor 39" above the rail 
were typical.  Starting in the 1990's, a major change was the introduction of low floor 
cars (Appendix C3, Figures C3-12 and C3-13).  These Light Rail Vehicles (LRV) have 
passenger compartment floors not quite 14-inches above the rail through at least the 
center 2/3 of the car body, including all entries, with steps or ramps in the aisles leading 
up to standard-height floors above the normally constructed power trucks at the each 
end of the car. 

It should be noted that LRVs would probably not be permitted to operate on the TTA’s 
Phase I Regional Rail tracks to reach and share the planned maintenance yard at Ellis 
Road (which would most likely require the LRVs to access the track at or near the 
Triangle Metro Center station, or the US 15-501 line if LRT were implemented in that 
corridor).  Therefore, an additional yard would be required in the NC 54/I-40 corridor.   
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Figure 6-2: Examples of LRT Technology 
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6.3 DIESEL MULTIPLE UNITS 

General Description 
Diesel multiple units (DMUs) are a form of “regional rail,” which is used to distinguish rail 
passenger operations that connect cities and suburbs within a metropolitan region from 
“intercity rail” linking separated metropolitan regions, or “urban rail” systems located 
within central cities.   

Regional Rail: A rail transit technology capable of providing a broad 
range of passenger capacities.  Modern rail vehicles, typically diesel-
powered, operate singly or in trains.  They can run on either exclusive or 
shared rights-of-way with or without grade crossings, or occasionally in 
reserved lanes on city streets.  Operations may or may not be carried out 
over tracks that are part of the existing freight railroad system in the area. 

DMU technology differs from traditional Commuter Rail in that it uses self-propelled 
vehicles (versus locomotive-hauled).  The TTA’s Phase I Regional Rail service will use 
DMUs that will operate in a freight railroad corridor but will not share the same tracks.  
For safety reasons, these DMUs must be heavy duty and the vehicles are larger.  In the 
NC 54/I-40 corridor, DMUs may be very similar in appearance and size to LRT vehicles.     

Vehicle Technology 
The DMU technology most appropriate for the NC 54/I-40 corridor is referred to as the 
Type 3.  Unfortunately, no such cars are known to exist.  Cars in this category are 
typically intended to operate in an exclusive right-of-way but should be capable of 
operating on LRT street-based alignments, preferably meeting typical LRT standards 
such as 8.7-foot car width, 82-foot horizontal curve radius, etc., and they should offer low 
floor loading.  The cars could be straight diesel or dual-mode diesel-electric/electric.   

One design recently built as a straight electric for Swiss regional lines is intended to 
become the basis for such a dual-mode car.  In fact, a diesel-powered version of this 
design has been ordered for the new southern New Jersey diesel light rail project 
(Appendix C3, Figure C3-14).  Each of the 20 diesel LRVs will consist of two long 
passenger compartments, cantilevered off a short central body section like the new 
Portland LRVs, except that the center section houses the propulsion system instead of 
carrying passengers.  Of modular design allowing a variety of lengths and widths, the 
initial vehicles are 98-foot long and 8.7-foot wide, with a 14.5-inch floor height through 
2/3 of the passenger compartment, including all entries.  Minimum turning radius is 130 
feet, which is too broad for turns within many city street intersections.  

Further refinement is needed to develop a DMU that can turn on the 82-foot curves 
common on new North American LRT street-running alignments.  Short of re-designing 
the articulation joints and other elements of a less-capable vehicle, the only existing 
possibility is Bombardier’s Tram Train (not to be confused with the Tram on Tires).  Built 
as a three-section electric LRV for a new system in Saarbrucken, Germany (Appendix 
C3, Figure C2-16), the car has low floor sections at the entries in each of the two end car 
bodies, with high floors under the driver’s cabs and throughout the middle section.  Its 
builder envisions that a diesel-generator set could be mounted under the center car body 
to power electric traction motors on each of the car’s four trucks. 
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Figure 6-3: Example of DMU Technology 
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7.0 POTENTIAL ALIGNMENTS 

Three potential alignments have been identified for determining physical feasibility, 
calculating order-of-magnitude costs, and estimating ridership.  These alignments are 
very preliminary and were developed for the purpose of determining overall corridor 
feasibility, and not for selecting a preferred alignment or technology.  The latter would be 
the objective of a Phase II study.  The three alignments are shown in Figure 7-1 and are: 

A. Using the planned High Occupancy Vehicle (HOV) lanes on I-40 wherever feasible 
(buses only).  This alternative assumes the HOV lanes are constructed, as a 
separate project, by the state for carpools and vanpools.   

B. An exclusive right-of-way for the entire length (bus or rail).  This alignment is 
designed to be suitable for rail use, but also can be a busway.  While it uses 
exclusive right-of-way, many streets can be, and are, crossed at grade.  Much of it 
parallels I-40. 

C. Use of NC 54 for substantial sections (bus or rail).  This alignment attempts to use 
NC 54 to the degree feasible, with the objective of minimizing capital costs and 
maximizing accessibility to land uses.  This alignment is designed primarily for BRT, 
but also can be used by LRT or light DMUs.    

Note that for all options two lanes (or tracks) are assumed for the entire length of the 
corridor.   

7.1 KEY ACTIVITY CENTERS 
Key activity centers that the alignments attempt to serve include:  

• UNC-Chapel Hill Main Campus  
• Friday Center (the master plan for this area anticipates increased development, 

and the Meadowmont development includes existing and planned facilities in that 
area on the south side of NC 54) 

• Meadowmont mixed-use development 
• Southwest Durham mixed-use development (between George King and 

Farrington Roads)   
• The Fountains and Quadrangle office developments on the east side of I-40 at 

the NC 54 interchange 
• The Streets at Southpoint (mall, office and high density residential) 
• Development around the intersection of NC 54 and NC 55 
• Lowes Grove Elementary School site (potential for mixed-use development) 
• Old EPA building on NC 54 
• New EPA campus east of TW Alexander Drive 
• The Research Triangle Park service plaza west of Davis Drive 
• The Nortel campus 
• Triangle Metro Center 
• Future mixed-use development on the Wilkinson/Searl properties south of 

Triangle Metro Center 
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7.2 ALIGNMENT A: I-40 HIGH OCCUPANCY VEHICLE LANE 
This alignment assumes that High Occupancy Vehicle (HOV) lanes will be constructed 
on I-40 beginning west of NC 54 and continuing east of Page Road along the entire 
length of I-40 within the NC 54/I-40 study area.  The feasibility of HOV lanes has been 
studied by the North Carolina Department of Transportation (NCDOT), and a final report 
is expected early in 2003. 
 
This alignment alternative applies only to the bus rapid transit (BRT) technology.  This 
alternative also is only feasible if the HOV lanes are constructed by the state.  
 
An HOV lane, sometimes called a carpool lane, is a special lane reserved for the use of 
carpools, vanpools and buses. They are usually located next to the general-purpose 
lanes.  These special lanes enable those who carpool or ride the bus to bypass the 
traffic in the adjacent, general purpose lanes.  In addition to affording carpools and 
vanpools a faster and more reliable trip time, the HOV network could form the backbone 
of a regional express bus service, including service between Chapel Hill and the RTP.   
 
Four basic types of HOV facilities were assessed in the NCDOT study: 

• A simple configuration consisting of buffer-separated, concurrent flow lanes (one 
in each direction) adjacent to the median.  HOVs can enter or exit the lanes at 
designated locations.  The buffer is often a 4-foot wide painted median that 
provides no physical separation of the adjacent general use lanes from the HOV 
lanes. 

• Complex, barrier-separated lanes with dedicated, grade-separated access at key 
entry/exit locations.  Direct access ramps are proposed at several locations on I-
40 within the NC 54/I-40 study area, however, these locations are preliminary 
only and can be changed to support a bus rapid transit system for the corridor.   
While this option is much costlier, it facilitates movement in and out of the HOV 
lane and allows higher speeds.  This is particularly beneficial for transit vehicles 
that can travel at high speed between access points, and exit to pick up 
passengers or circulate on local roads at the access points. 

• Complex, barrier-separated lanes as described above, but with less access 
points. 

• A two-lane, elevated viaduct on each side of I-40 for HOVs and express (longer 
distance) traffic.  Access to these lanes would be limited as for the complex 
configuration.  This is the highest cost option, and the study concluded that 
viaduct may be the best option for the bottleneck portion of I-40 between NC 147 
and I-540. 

For the purpose of the Phase I evaluation, the barrier-separated lanes are assumed 
since buses could cruise at 55 MPH regardless of traffic conditions on I-40.  For safety 
reasons, the travel speed on the concurrent lanes cannot be more that 15 MPH greater 
than speeds in the adjacent general use lanes; therefore, in the peak period, all traffic in 
the HOV lanes, including buses, could not operate at the preferred speed of 55 MPH. 



 
 
 
 
 
 
 
 
 

 
 
Figure 7-1: Potential Alignments 
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The NCDOT study has concluded that HOV lanes are feasible and desirable as they 
would provide an alternative for travelers wanting to avoid congestion on I-40.  While 
HOV is included in the DCHC Transportation Plan update, funding has not been 
identified.  

Alignment Description (from west to east) 
Segment 1 – UNC-Chapel Hill Main Campus to Friday Center 

Note: For the purpose of the Phase I study, this segment is identical for all alignments, 
and is the recommended alignment in the US 15-501 Major Investment Study (MIS).   

The western terminus for service in the corridor is located in the vicinity of the University 
of North Carolina Hospitals on Manning Drive (in the vicinity of the Health Affairs parking 
decks), which would be a major transfer facility for other locations on the campus and in 
Chapel Hill.  All vehicles would use a transitway corridor provided in the Main Campus 
Master Plan (although use of Manning Drive for BRT also is an option in the MIS).  For 
the purpose of this study, use of the transit corridor is assumed.  The transitway runs 
south of the Dean Smith Center (but north of Mason Farm Road), and then follows the 
north side of the Bypass.  It crosses over Manning Drive on a viaduct at an elevation of 
between 30 and 60 feet depending on the technology. 

The viaduct then continues along the west side of the US 15-501 Bypass, along the 
service road in front of Saint Thomas More school, and crosses the Bypass just south of 
the NC 54 interchange where it returns to grade.  The alignment then passes between 
the Glenwood Elementary School and the Glenwood Shopping Center, and continues 
along the edge of Finley Golf Course, adjacent to Prestwick Road (which may have to be 
realigned or closed), to the Meadowmont office complex where it then parallels NC 54 to 
a station at the Friday Center.      

Segment 2 – Friday Center to I-40  

Buses cross NC 54 on a bridge on the west side of Friday Center Drive.  North of NC 54, 
the alignment continues on a short busway in right-of-way that has been preserved for 
future fixed guideway transit through Meadowmont starting along the western edge of 
Meadowmont Drive.  Buses then exit onto East Barbee Chapel Road and run on a 
busway along the eastern edge of the roadway or in mixed traffic.  Buses then enter a 
median busway on NC 54 with signal prioritization.  The alignment continues east along 
NC 54 to just west of Farrington Road where the busway climbs on a viaduct over the 
intersection and transitions into the HOV lanes.  NC 54 and the adjacent local roads 
must be reconstructed, including widening of the bridges over Little Creek.  (The same 
ramp could be used for HOV vehicles as well as buses. This applies to all access 
locations.)   

Segment 3 – I-40 to Streets at The Streets at Southpoint Mall  

Buses use the HOV lanes between the western access and The Streets at Southpoint 
Mall, and exit/enter via an access ramp located just east of NC 751 (west of the mall).  
Buses can serve the mall area by: 
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• Traveling on a busway between I-40 and the road behind the mall.  Buses along this 
route then use an underpass to cross Fayetteville Road and continue on a busway 
paralleling the south side of I-40. 

• Connecting to Renaissance Boulevard towards its western end and then traveling in 
mixed traffic on the boulevard.  Buses then enter Fayetteville Road with queue 
bypass lanes and signal prioritization, travel north in mixed traffic and exit onto a 
busway directly south of the I-40 interchange as for the first option.  

• Alternatively, buses could enter the mall road system at the entrance just prior to 
Fayetteville Road, and travel along the east side of the mall towards I-40 to the rear 
road.  

For the purpose of the Phase I study, the first option is assumed.  

Segment 4 – The Streets at Southpoint Mall to Alston Avenue 

Buses use a busway paralleling the south side of I-40, and then enter the I-40 HOV 
lanes just east of the I-40 overpass over NC 54.  Buses then exit the I-40 HOV lanes just 
east of Alston Avenue on a short busway along the east side of the abandoned Lowes 
Grove Elementary School. 

Alternatively, buses could leave the HOV lanes west of NC 55 (e.g., Kristen Marie Lane) 
and enter a median busway on NC 54.  This option is not being assessed in the Phase I 
study.   

Segment 5 - Lowes Grove School to Triangle Metro Center 

At Lowes Grove School, buses enter a median busway on NC 54 at a bus only 
signalized intersection with signal prioritization.  These lanes continue on NC 54 to the 
Triangle Metro Center station, entering from the planned access points on NC 54. 

Signal prioritization is provided at all major intersections.  The road must be 
reconstructed to accommodate the bus lanes, which are two 12-foot lanes with 3-foot 
shoulders, separated from the adjacent general use lanes by 2-foot wide raised medians 
(a total of 30 feet).  Therefore, pedestrians can cross the bus lanes, but traffic can only 
cross at designated locations, such as major intersections and junctions where left-turns 
and left-turn lanes can be provided.  Between the breaks, left turns are prohibited. 

The typical section on NC 54 which includes the bus lanes and four lanes of traffic is 
approximately 80 feet.  This does not include sidewalks, bicycle paths, landscaping 
strips, or utility easements.  Stations add approximately 20 feet to the width, and turning 
lanes at intersections also add width.  

NC 54 must be widened approximately 30 feet along the entire length of this section.  
Additional width will be required at bus stations to accommodate platforms typically at 
signalized intersections.  The existing pavement on the 5-lane section of NC 54 from the 
school to Davis Drive varies between 59 and 64 feet, and the typical right-of-way is 
between 80 and 90 feet.  East of Davis Drive, the existing pavement on the 2-lane 
section varies between 20 and 34 feet, and the typical right-of-way is 60 feet (this 
section is programmed for widening to four lanes with a median). 
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A field windshield survey shows that the widening is feasible, but additional right-of-way 
must be purchased.     

7.3 ALIGNMENT B: EXCLUSIVE RIGHT-OF-WAY FOR ENTIRE LENGTH 
This alignment is designed primarily for rail use, but also can be a busway.  While it uses 
exclusive right-of-way, many streets can be and are crossed at grade.  For planning 
purposes, the guideway (two rail tracks or two bus lanes) and the associated civil 
construction (e.g., embankments, tree clearings) is assumed to be 45 feet wide. 

Alignment Description (from west to east) 
Segment 1 – UNC-Chapel Hill Main Campus to Friday Center 

This is identical to the alignment described under the HOV alternative.  

Segment 2 – Friday Center to I-40  

As with Alternative A, the alignment crosses NC 54 on the west side of Friday Center 
Drive on a bridge.  North of NC 54, the alignment continues along the western edge of 
Meadowmont Drive.  The alignment continues north through Meadowmont, crosses the 
Durham County line into Southwest Durham, then crosses George King Road.  Within 
Meadowmont and to the east, it is assumed transit vehicles cross major roads at grade 
with signal prioritization. 

Between George King Road and Farrington Road, the alignment follows an 
approximately east-west orientation rather than continuing on the US 15-501 alignment 
which veers to the north before reaching George King Road.  It then crosses via a 
flyover above Farrington Road and I-40 to behind the Fountains office complex (under 
construction), crosses NC 54, and continues behind the Quadrangle office development.  
It then returns to the west side of I-40.  In addition to a station near the offices, a station 
is located near George King Road. 

Segment 3 – I-40 to The Streets at Southpoint Mall  

The alignment bridges over the NC 54 ramps and continues along the west side of I-40.  
It then uses an underpass under NC 751, and continues to hug I-40.  Through the mall 
area the alignment is between I-40 and the road behind the mall.  

It should be noted that the I-40 right-of-way width is typically 400 feet.  However there is 
a 100-foot landscape buffer on each side through Durham County.  It is assumed that 
noise walls (and possibly retaining walls) would be considered at all subdivisions to 
minimize the buffer loss while avoiding taking or damaging existing developments.  
Elsewhere it is assumed that the 100-foot buffer would remain and that additional right-
of-way would be purchased for the transitway to avoid the vegetation buffer.  

 

 



 

    
 

 7-8 

Segment 4 – The Streets at Southpoint Mall to NC 147/Triangle Parkway 

The alignment continues along the south side of I-40, passing under Fayetteville Road, 
then bridging over all other interchange ramps and cross roads.  It then turns south just 
west of NC 147 and continues to the south along the western edge of the planned 
Triangle Parkway (a southerly extension of NC 147).  It crosses NC 54 on a viaduct. 

An alternative alignment is to follow NC 54 (along its south side) after crossing the road 
on a flyover, then fly over Davis Drive and follow the east side to the power line 
easement (described under Segment 5 below).  This alignment may serve more land 
uses.  

Segment 5 – Triangle Parkway to Triangle Metro Center 

Continuing along the western edge of the planned Triangle Parkway, the alignment 
touches the eastern edge of the new EPA campus, and then swings east under the 
future Triangle Parkway to approximately parallel a power line easement to the North 
Carolina Railroad (NCRR) along the southern edge of the Triangle Metro Center (the 
NCRR is the alignment for the TTA’s Phase I Regional Rail system).  The area between 
the new EPA campus and the Triangle Metro Center is relatively undeveloped.  The 
alignment borders the northern edge of the Wilkinson and Searl properties.  It crosses 
Davis Drive at grade (though grade separation also is feasible). 

At the Triangle Metro Center station, a separate platform is provided along the southern 
side.  Pedestrian connections would allow passengers to transfer between TTA trains in 
the rail corridor and buses at the lower level.  Depending on the rail technology, it may 
be possible to share the TTA’s maintenance yard that will be built at Ellis Road.  This 
would require a single track connection that most likely would go under the 
freight/intercity rail tracks to connect to the TTA tracks which will be located on the east 
side. 

7.4 ALIGNMENT C: NC 54 
This alignment attempts to use NC 54 to the degree feasible, with the objective of 
minimizing capital costs and maximizing accessibility to land uses.  It is designed 
primarily for BRT, but also can be use by LRT or light DMUs.    

Alignment Description (from west to east) 
Segment 1 – UNC-Chapel Hill Main Campus to Friday Center 

This is identical to the alignment described under the HOV alternative.  

Segment 2 – Friday Center to I-40  

This segment is identical to Alternative A.  After flying over Farrington Road, the 
alignment along the west side of I-40 is the same as for Alternative B.  

Segment 3 – I-40 to The Streets at Southpoint Mall  

This is identical to the alignment described under Alternative B.  Buses access the mall 
area just east of NC 751 (west of The Streets at Southpoint Mall).  For the purpose of 
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the Phase I study, the second option described under the HOV alternative is assumed 
for reaching Fayetteville Road.  This connects to and uses Renaissance Boulevard 
towards its western end and then buses travel in mixed traffic on the boulevard.  Buses 
then enter Fayetteville Road with queue bypass lanes and signal prioritization, travel 
north in mixed traffic, and exit onto a busway directly south of the I-40 interchange. 

Segment 4 – The Streets at Southpoint Mall to I-40/NC 54 

Buses use a busway paralleling the south side of I-40, and then enter a median busway 
at the I-40 overpass over NC 54. 

Segment 5 – I-40/NC 54 to Lowes Grove School 

The median busway continues to the Lowes Grove School site.  This section of I-40 (to 
NC 55) is two lanes but is planned to be widened to four lanes with a median.  A 
windshield survey shows that the widening is feasible, but additional right-of-way must 
be purchased.     

Signal prioritization is provided at all major intersections.  Traffic can only cross or turn 
left at major intersections and junctions where left-turns and left-turn lanes can be 
provided.  Between the breaks, left turns are prohibited. 

Segment 6 - Lowes Grove School to Triangle Metro Center 

This is identical to the alignment described under the HOV alternative. 

7.5 STATIONS 
The following preliminary station locations have been identified: 

• UNC-Chapel Hill Main Campus  
• Friday Center 
• Meadowmont (town center)  
• SW Durham (internal to development for Alternatives B, on NC 54 for 

Alternatives A and C)  
• Fountains/Quadrangle office complexes (Alternative B only) 
• The Streets at Southpoint Mall West (Alternative C only) 
• The Streets at Southpoint Mall North (Alternatives A and B only)  
• The Streets at Southpoint Mall South (Alternative C only) 
• East of I-40 overpass over NC 54 east of Fayetteville Road (Alternative A and B 

only)  
• NC 54 at Barbee Road (Alternative C only) 
• NC 54 at NC 55 (Alternative C only) 
• Lowes Grove School site  
• TW Alexander/Old EPA building on NC 54 (Alternatives A and C only) 
• I-40 and NC 147 - SE quadrant (Alternative B only)  
• The RTP service plaza (Alternatives A and C only) 
• New EPA campus east of TW Alexander Drive (Alternative B only) 
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• The Nortel campus main entrance (Alternatives A and C only) 
• Triangle Metro Center 

Where stations cannot conveniently serve adjoining and nearby land uses, feeder buses 
would be provided. 
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8.0  TRANSIT OPERATING SCENARIOS 

The following service or operating assumptions were used for forecasting ridership with 
the TRM and estimating costs:  

• Vehicles can travel up to 60 MPH in the HOV lane or other exclusive rights-of-
way.  

• Vehicles can travel at the speed limit when operating on streets.  The maximum 
speed on arterials is typically 45 MPH.  Vehicles may be able to travel at 50 MPH 
on some 45 MPH streets since they are separated from adjacent lanes by raised 
medians, but the average is reduced to 45 MPH to account for some delay at 
signalized intersections. 

• Signal prioritization is assumed at all intersections. 

• The typical dwell (stop) time at stations is 20 seconds. 

The indicative travel times and average speeds shown in Table 8.1 were calculated 
based on vehicle operating parameters and alignment characteristics. 

Table 8-1:  Indicative Travel Times and Speeds 

Alternative 
Distance 
(miles) 

Travel Time  
(minutes) 

Average Speed 
(MPH) 

  A - BRT 13.7 23.6 34.7 

  B - BRT 14.0 23.6 35.6 

     - LRT  22.7 37.0 

     - DMU  25.1 33.5 

  C - BRT 14.0 28.0 29.8 

     - LRT   25.8 32.3 

     - DMU   28.7 29.1 
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9.0 COST ESTIMATES 

Order-of-magnitude estimates of capital and operating and maintenance cost were 
prepared for developing the cost-effectiveness measures.   

9.1 CAPITAL COSTS 
The following options were costed: 

• Alternative A – bus only 
• Alternative B – bus, LRT and DMU 
• Alternative C – bus, LRT and DMU 

The costs for each alternative (in 2002 dollars) are summarized in Table 9-1. Costs 
range between $169 million and $376 million.  Detailed cost tabulations are available 
from the TTA.  The cost at the time of construction (in future year dollars) would be 
considerably higher because of inflation.  Table 9-2 shows the corresponding costs in 
2002 and 2025 dollars (the latter assumes the project is built in 2025 though no 
schedule has been established at this early stage of the study), assuming a 2.7% annual 
inflation rate (the rate used by NCDOT for highway projects). 

Following are some of the key factors affecting capital costs: 

• The cost for Alternative A does not include the cost of the HOV lanes, but does 
include the cost of the flyovers or ramps for buses to enter and exit the lanes. 

• The length of structure is a major cost factor.  Table 9-3 provides a summary of 
flyovers and other structures.  Significant lengths of structure are required at the 
following locations: 

Ø Along Fordham Boulevard from Manning Drive to Glenwood Elementary 
School (all alternatives) 

Ø From the Friday Center station to Meadowmont station (all alternatives) 
Ø Entering and exiting the I-40 HOV lanes (Alternative A only) 
Ø Crossing the floodplain between NC 54 and NC 751(Alternative B and C 

only) 
Ø Between Farrington Road and NC 54, including skirting around the 

Fountains and Quadrangle developments, much of which is in floodplain 
(Alternative B only) 

 
• Alternatives B and C “tunnel” under NC 751 and Fayetteville Road (which 

requires roadway bridges). 

• Typical section for a busway on new alignment is 24 feet for two travel lanes plus 
three shoulders. 

• Typical section for bus lanes on a street is 24-feet for two travel lanes plus three-
foot island on each side. 



Alternative A
BRT BRT LRT DMU BRT LRT DMU

CONSTRUCTION
Construction (excl. structures, stations,  park-and-
ride) $29,875,385 $35,013,846 $84,348,462 $60,612,308 $49,764,615 $108,414,615 $84,640,000

Structures $26,794,615 $40,485,385 $63,641,538 $63,641,538 $21,260,000 $48,687,692 $48,687,692

Stations $18,760,000 $21,600,000 $21,600,000 $21,600,000 $18,080,000 $18,080,000 $18,080,000

Park-and-Ride $6,798,000 $6,798,000 $6,798,000 $6,798,000 $6,798,000 $6,798,000 $6,798,000

Subtotal Construction $82,228,000 $103,897,231 $176,388,000 $152,651,846 $95,902,615 $181,980,308 $158,205,692
With 30% Contingency $106,896,400 $135,066,400 $229,304,400 $198,447,400 $124,673,400 $236,574,400 $205,667,400
Design, Project Management, Administration, Start-
up (36%) $38,482,704 $48,623,904 $82,549,584 $71,441,064 $44,882,424 $85,166,784 $74,040,264

OTHER
Right-of-Way $6,402,170 $10,819,175 $10,819,175 $10,819,175 $9,077,000 $9,077,000 $9,077,000
   with 50% contingency $9,603,255 $16,228,763 $16,228,763 $16,228,763 $13,615,500 $13,615,500 $13,615,500

Maintenance Yard/Shop $4,500,000 $4,500,000 $10,000,000 $10,000,000 $4,500,000 $10,000,000 $10,000,000
   with 30% contingency $5,850,000 $5,850,000 $13,000,000 $13,000,000 $5,850,000 $13,000,000 $13,000,000

Vehicles
   # of vehicles with spares 12 12 8 8 12 8 8
    Cost per vehicle $600,000 $600,000 $3,100,000 $2,900,000 $600,000 $3,100,000 $2,900,000
Total $7,200,000 $7,200,000 $24,800,000 $23,200,000 $7,200,000 $24,800,000 $23,200,000
   with 10% contingency $7,920,000 $7,920,000 $27,280,000 $25,520,000 $7,920,000 $27,280,000 $25,520,000

TOTAL $168,752,359 $213,689,067 $368,362,747 $324,637,227 $196,941,324 $375,636,684 $331,843,164
Cost per mile $12,362,810 $15,241,731 $26,274,090 $23,155,294 $14,178,641 $27,043,678 $23,890,797
Notes:
1. All costs are in 2002 dollars.  Costs at time of construction (in future year dollars) would be higher.
2.  The cost for Alternative A does not include the costs of the I-40 HOV lanes.

Table 9-1: Summary of Capital Costs

 
Alternative B Alternative C
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Table 9-2:  Summary of 2002 and 2025 Costs 

BRT LRT DMU 

ALTERNATIVE 2002 2025 2002 2025 2002 2025 

A - (using HOV lanes) 
$169 $312 - - - - 

B - (exclusive Right-of-way) $214 $395 $368 $679 $325 $600 

C - (using NC-54) $197 $363 $376 $694 $332 $613 

 

• A 45-foot right-of-way is assumed for bus and rail on new alignment (for costing 
purposes, 60 feet was assumed for new alignment where not paralleling I-40, 
e.g., through Southwest Durham for Alternative B). 

• A 31-foot cross-section is assumed for rail operating in exclusive lanes on-street 
(two tracks plus three-foot islands on each side to prevent traffic from entering or 
crossing). 

• NC 54 road widening assumptions (Alternatives A and C) are as follows: 

Ø NC 54 from the I-40 overpass to NC 55 – this is a two to three-lane 
section that is planned to be widened to four lanes divided in the long 
term.  For costing, it is assumed the bus lanes/rail would be constructed 
concurrently with the planned widening of the road to four lanes.  The 
transit project may be responsible for 30 feet of additional widening to 
accommodate paving for the bus lanes or the two rail tracks in the center 
of the widened road, plus the 3-foot wide raised medians.   
 

Ø NC 54 from NC 55 to Miami Boulevard (the programmed widening of NC 
54 from Davis Drive to Miami Boulevard is assumed to be completed) – 
the pavement is approximately 60 feet wide (five lanes), and will be 
widened by approximately 20 feet to place the busway/rail in the center of 
the road.  Widening would be to one side. 
 

Ø NC 54 from West Barbee Chapel Road to Farrington Road – the median 
is approximately 30 feet wide, therefore no major road modifications are 
required to insert a busway/rail in median (the right-of-way is 250 feet). 

 
• East Barbee Chapel Hill Road (Alternatives A and C only) – this is a three-lane 

road from Meadowmont Lane to NC 54.  Widening is assumed to occur on the 
east side to accommodate bus lanes or rail in the center.  

• Electrification adds approximately $20 million to the LRT alternatives compared 
to DMU. 
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Table 9-3: Summary of Major Grade Separations 

ALTERNATIVE A 
Section Flyover Bridge/Underpass 

UNC Hospitals to 
Friday Center 

Flyover to parallel/cross US 15-
501 Bypass (4000' flyover, 750' 
earth embankment) 

 

Friday Center station to 
Meadowmont station 

2,000’ flyover to cross over NC 54 
and remain elevated through 
commercial center 

 

Meadowmont to 
Farrington Rd. station 

 Widen bridges over Little Creek on 
NC 54 

Farrington Rd station to 
The Street at 
Southpoint Mall 

Ramp from NC 54 west of 
Farrington Rd. to I-40 HOV lanes, 
ramp from I-40 HOV lanes to 
Southpoint 

 

The Streets at 
Southpoint Mall to 
Lowes Grove School 

Ramp (from new alignment) over 
NC 54 to I-40 HOV lanes, ramp 
from I-40 HOV lanes to Lowes 
Grove School 

Underpass beneath Fayetteville Rd 

Lowes Grove School To 
Triangle Metro 

 Widen NC 147 bridge 

ALTERNATIVE B 
Section Flyover Bridge/Underpass 

George King Rd to NC 
54 (E of I-40) 

Over Farrington Road and I-40 Bridge over NC 54 

NC 54 to The Streets at 
Southpoint Mall 

Flyover from east side of I-40 to 
west side 

Bridge through floodplain behind 
Fountains/ Quadrangle developments 
(assume 60% in floodplain) - 3,600' 
Underpass beneath NC 751. Bridge 
through floodplain between flyover 
and NC 751 (4,000') 

The Streets at 
Southpoint Mall to 
Lowes Grove School 

  Bridge over NC 54 and Barbee Rd. 
Underpass beneath Fayetteville Rd.  
Bridge over NC 55 interchange and 
CSX railroad.  Bridge through 
Northeast Creek floodplain (1,700'). 
Bridge over Alston Ave 

Lowes Grove School to 
Triangle Metro Center  

 Bridge over NC 54 and Davis Dr. 
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Table 9-3 (cont’d):  Summary of Major Grade Separations 

ALTERNATIVE C 
Section Flyover Bridge/Underpass 

Meadowmont to 
Farrington Rd station 

 Widen bridges over Little Creek on 
NC 54 

Farrington Rd station to 
The Streets at 
Southpoint Mall 

Ramp from NC 54 west of Farrington 
Rd. to new alignment on west side of 
I-40, ramp from I-40 HOV lanes to 
Southpoint 

Bridge through floodplain between NC 
54 and NC 751 (5,000')  

The Streets at 
Southpoint Mall to 
Triangle Metro 

  Widen bridge over Northeast Creek 
(west of NC 55). Widen NC 147 
bridge 

 
• Typical station costs were developed accordingly (excluding park-and-ride, fare 

collection, right-of-way costs, and contingencies):  

Ø On-street - based on costs developed for the Downtown Minneapolis to 
Downtown Saint Paul system, the cost for an on-street station is 
estimated to be $1 million. 

Ø In exclusive right-of-way - based on a sample of the TTA Phase I 
Regional Rail costs, the cost for a station in separate right-of-way is 
estimated to be $1.5 million.   

• It is assumed that park-and-ride lots will be provided at many stations.  Park-and 
ride needs were based on the US 15-501 MIS which developed a cost for 
parking/site improvements of $6.6 million (2001 dollars, excluding contingency, 
etc.) for all alternatives.  This represents approximately 2,200 spaces and was 
based on corridor ridership projections of between approximately 10,000 and 
15,000 riders per day.  The same amount (escalated for inflation) has been 
allowed.  

• Right-of-way costs are indicative only and based on unit cost information 
provided by NCDOT and the Research Triangle Foundation.  No detailed 
engineering studies were conducted to determine if the remnants of a property 
could still be developed or whether the entire property would have to be acquired 
(only the required portion was assumed in the costing).  
 

• Modern, low-floor, articulated hybrid diesel-electric buses were used for costing, 
but no automated guidance system was assumed.  This feature does not add 
significant costs, and its applicability for the NC 54/I-40 corridor would be 
assessed in Phase II.  The main additional cost for a guided busway system is 
the equipment in the vehicle which could add approximately $0.5 million to the 
cost of a bus.  However, these costs could decrease over time, as their use 
becomes more common, buses become more standardized and larger numbers 
are ordered.  The cost of the guidance equipment on the pavement itself is 



 

    
 

 9-6 

minimal consisting of white painted lines for the optical guidance system or 
magnets imbedded in the pavement for the electro-magnetic system. 

• The capital cost includes the first time bus purchase only, even though the 
lifetime of a bus is approximately half that of a rail vehicle, and therefore twice as 
many buses would be required over the life of the project.  However, the 
annualized capital cost takes into account the lifetime of a bus, which, in effect, 
anticipates purchase of new buses after 12 years. 

• For LRT and DMU a new garage/maintenance facility is assumed to be located in 
the corridor.  BRT costing assumes expansion of the existing TTA facility. 

As noted above, costs are order-of-magnitude only.  More detailed engineering would be 
required (and would be undertaken in Phase II) to develop more accurate costs.  In 
addition, there was no attempt in Phase I to refine the initial alignments after preparing 
costs to determine if costs could be reduced to improve cost-effectiveness.  This also 
would be undertaken in Phase II.  Examples of refinements or changes that could 
reduce construction costs include:     
 

• Alternative B also crosses over I-40 and skirts around the Fountains and 
Quadrangle office developments.  The high cost of this section could only be 
justified if substantial ridership were generated by the two office developments.  
The cost could be reduced by staying on the I-40 side of the Quadrangle 
development, thereby avoiding the Corps of Engineers property and the costly 
structure necessary to traverse it.  The alignment from the west would still travel 
around the Fountains project since there is no space for it to pass between that 
project and I-40, but once around the project it would cross I-40 and swing back 
along the front of the Quadrangle Project and then use the I-40 right-of-way 
before crossing to the west side of I-40.  

 
• Alternatives B and C are more realistic alternatives if HOV lanes were not 

constructed on I-40.  In that event, more right-of-way would be available along I-
40 since less widening would be needed.  Therefore, costs could be reduced by 
Alternatives B and C staying closer to I-40. 

 
• For Alternative A, buses may be able to share access ramps that would be 

constructed as part of the HOV project (Alternative A costing assumes separate 
ramps).  

 
• There may be opportunities for buses to operate in mixed traffic in some places 

where traffic volumes are low, eliminating the need to construct bus lanes.    

9.2 OPERATING AND MAINTENANCE COSTS 
Table 9-4 provides a summary of order-of-magnitude annual operating and maintenance 
costs (in 2002 dollars).  Annual costs range from $10.9 million for buses (Alternative A) 
to $14.9 million for LRT (Alternatives B and C).  Following are the assumptions and 
factors applied in estimating these costs: 

 



Table 9-4: Operating and Maintenance Costs

 Alternative A
(Bus only) Bus LRT DMU Bus LRT DMU

Distance (miles) 13.7 14.0 14.0 14.0 13.9 13.9 13.9

One-way travel time (minutes) 23.6 23.6 22.7 25.1 28.0 25.8 28.7
One-way travel time with layover (minutes) 28.6 28.6 27.7 30.1 33 30.8 33.7

Round trip time (minutes) 52.2 52.2 50.4 55.2 61 56.6 62.4
No. of vehicles:                    

 in peak hour 10 10 6 6 10 6 6
in off-peak hour 5 5 3 3 5 3 3

No. of one-way trips:                          
 in peak hour 20 20 12 12 20 12 12

in off-peak hour 10 10 6 6 10 6 6
Total vehicle-miles:                   

 in peak hour 274 280 168 168 278 166.8 166.8
in off-peak hour 137 140 84 84 139 83.4 83.4

Total annual vehicle-miles 1,262,113          1,289,750          773,850              773,850            1,280,538          768,323              768,323            

Cost per vehicle-mile $3.50 $3.50 $12.00 $11.00 $3.50 $12.00 $11.00

  Additional Busway Maintenance Costs:
 Busway Maintenance $319,128 $468,650 N/A * N/A * $465,303 N/A * N/A *

Stations (excl. Metro Center) $511,534 $707,301 N/A * N/A * $394,356 N/A * N/A *

Feeder Bus Service $5,659,500 $5,659,500 $5,659,500 $5,659,500 $5,659,500 $5,659,500 $5,659,500

Total Annual Cost
BRT $10,907,556 $11,349,576 $11,001,040
Rail   $14,945,700 $14,171,850  $14,879,370 $14,111,048

* Costs are included in the cost per vehicle mile.

Alternative B Alternative C
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• Operating and maintenance costs are based on vehicle-miles of service: 

Ø Bus - $3.50 per vehicle mile 
Ø LRT - $12.00 per vehicle mile 
Ø DMU - $11.00 per vehicle mile 

 
• Vehicle capacities (seated and standing): 

Ø Articulated bus - 80 passengers 
Ø LRT/DMU (one articulated car per train) - 125-150 passengers 

 
• Vehicle headways: 

Ø Bus - 6 minutes in the peak period, 12 minutes in the off-peak period 
Ø Rail - 10 minutes in the peak period, 20 minutes in the off-peak period 

 
(Note: a lower headway is required for buses to provide the needed capacity 
since vehicle capacities are less.  However, the rail headways were used for 
ridership forecasting for all modes.)  

 
• Hours of operation: 

Ø 365 days/year, 6:00 AM to Midnight  
Ø 255 typical weekdays per year 
Ø 7.5 peak hours on typical weekday 
Ø 12.5 off-peak hours on typical weekday (includes two non-service hours) 
Ø 110 weekend days/holidays per year 
Ø 20 off-peak hours on weekend/holiday (includes two non-service hours) 
Ø 1,912.50 peak hours per year 
Ø 5,387.50 off-peak hours per year 
Ø 7,300 total hours per year 

 
• New feeder services (i.e., those beyond what is already planned for 2025 and 

shown in the DCHC Long Range Transportation Plan update) are included in the 
cost (eight routes operating at 10-minute headways in the peak periods, 20-
minute headways in the off-peak periods, and $55 per hour vehicle operating 
cost). 

• The station maintenance and security costs and busway maintenance costs for 
the bus alternatives were adapted from the US 15-501 MIS. 
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10.0 RIDERSHIP PROJECTIONS 

Order-of-magnitude ridership was forecasted using the same version of the TRM being 
used for the TTA Phase I Regional Rail project, the update of the DCHC MPO 2025 
Long Range Transportation Plan (LRTP) update, and the I-40 HOV/Congestion 
Management Study.  The results are shown in Table 10-1, and range between 7,200 
and 8,000 riders a day for the adopted land use, and between 8,600 and 9,200 riders a 
day for the adjusted land use (as described in Section 4.0).  Clearly the additional 
employment and households that are included in the adjusted land use scenario 
enhance ridership and therefore the overall feasibility of high capacity transit in the 
corridor.  Ultimately, the extent of and commitment to transit-supportive land use and 
design may decide the feasibility of high capacity transit, and will dictate the level of 
investment in transit improvements that is warranted.  An important element of a Phase 
II study would be to identify and plan for transit-supportive land uses in the corridor, 
particularly in the station areas.   

Table 10-1:  Corridor Daily Ridership Projections 

Alternative Adopted 
Land Use 

Intensive  
Land Use 

A 7,600 8,900 

B 7,200 8,600 

C 8,000 9,200 

 

The model utilizes transit operating parameters to project ridership (particularly travel 
times, headways, and fares), and not the technology (i.e., bus or rail).  Therefore, a 
generic technology was used for each alternative alignment.  Other assumptions or 
factors applied for the modeling include:  

• Alternative C of the DCHC 2025 LRTP update was used as the 2025 no-build 
scenario for the corridor.  This transit network includes the following fixed 
guideway transit services3: 
Ø TTA Phase I Regional Rail line 
Ø US 15-501 corridor 
Ø RDU connector 
Ø UNC-Chapel Hill main campus (the terminus of the NC 54/I-40 corridor) to 

the Horace Williams property (now referred to as Carolina North) where it 
                                                 

3 To meet Federal Transit Administration (FTA) criteria, the no-build transit network in Phase II of the study 
may include only committed transit projects (i.e., projects for which funding has been identified).  The US 15-
501 corridor, the RDU connection, and the service to Horace Williams, all of which are in the assumed 
network for Phase I and most likely contribute ridership to the NC 54/I-40 corridor, therefore may have to be 
removed in the Phase II study. 
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is assumed that 50 percent of the development proposed in a master plan 
prepared in the mid 90s would occur by 2025.  An express bus 
connection from Horace Williams via I-40 to a Gateway Center station on 
the US 15-501 line is also included.   

 
• HOV lanes on I-40 were included in the Alternative A alignment only, i.e., they 

were removed from the background network for the two other alternatives, since 
Alternatives B and C would most likely only be considered if HOV lanes were not 
built. 

• The US 15-501 alignment as coded in the TRM was modified to connect to the 
George King Road station for Alternative B.  The RDU connector modified to use 
New Page Road/I-40/Airport Boulevard. 

• For all alternatives, the US 15-501 service continues on the NC 54 alignment 
west of where the two merge, to UNC Hospitals where it terminates. 

• It is assumed that the NC 54 transit service runs through to Horace Williams in 
the west and to RDU in the east (i.e., no transfers required).  While this would be 
easy to achieve with buses, more detailed engineering studies would be required 
to confirm the feasibility of continuing rail through to RDU or Horace Williams.    

• NC 54 corridor express services that are coded in the no-build scenario are 
removed from all build alternatives.  

• Feeder bus service was developed for all stations.  The coding of feeder or local 
bus services included in the no-build transit network was reviewed and improved 
where necessary.  Feeder services planned for Chapel Hill and required for the 
no-build network were added.  Existing DATA service in the corridor was 
adjusted to act as feeders.  Extra routes were added where future development 
is not served by the LRTP no-build transit network (e.g., south of The Streets at 
Southpoint).   

• Park-and-ride is included at the following stations: 
Ø Friday Center 
Ø George King Road (Alternative B only) 
Ø Farrington Road (Alternatives A and C only) 
Ø The Streets at Southpoint Mall 
Ø I-40 and NC 54 east of Fayetteville Road (Alternatives A and B only) 
Ø Barbee Road (Alternative C only) 
Ø NC 55 (Alternative C only) 
Ø Alexander Drive 
Ø RTP Service Plaza 
Ø Triangle Metro Center 

• Kiss-n-ride is assumed at all stations. 

• Walk links to the adjacent zones are provided at all stations. 

• The fare structure in the TRM model was retained (including fare-free for Chapel 
Hill Transit). 
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• The travel times shown in Section 8.0 were used. 

• Corridor headways are 10 minutes in the peak period and 20 minutes in the off-
peak period. 

It must be cautioned that the ridership projections developed for Phase I of the study are 
approximate.  There are many variables or assumptions that may  have resulted in either 
overestimating or underestimating ridership.  Assuming that fixed guideway transit is in 
service in other corridors (e.g., to RDU) increases the ridership in the NC 54/I-40 
corridor.  Assuming that HOV lanes are not implemented for Alternatives B and C also 
probably adds to the corridor ridership.  On the other hand, there was no attempt in 
Phase I to design the areas surrounding the stations with intensive, transit supportive 
land uses which would contribute to ridership.  In addition, ridership for the bus 
alternatives could actually be higher than projected since this technology offers the 
flexibility to tailor the service to better match actual travel patterns (e.g., faster express 
buses could operate in the peak period, or buses could enter at intermediate stations, 
thus avoiding transfers).  The impacts of these and other variables would be examined in 
Phase II.   
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11.0 EVALUATION 

The information described in the previous sections was used to provide preliminary 
assessment of feasibility of high capacity transit in the corridor.  The assessment is 
based on the feasibility criteria outlined in Section 3.0, and includes: 
 

• Cost-effectiveness 
• Achievement of other objectives for the corridor 
• Environmental and community issues  

11.1 COST-EFFECTIVENESS 
As discussed in Section 3.0, the following cost-effectiveness measures were developed 
and compared with other projects around the US: 

Cost per transit user (dollars per rider per year) = 

Total annualized capital cost plus annualized operating and maintenance costs  
Total annual ridership 

Cost-effectiveness measure (incremental cost per incremental user) = 

Total annualized capital cost plus annualized operating and maintenance costs  
Total annual new ridership 

The annualized costs are shown in the first section of Table11-2. The capital costs from 
Section 9.0 are annualized by applying factors specified by the FTA (Table 11-1) which 
use a seven percent capital recovery factor.  
 
The second section of Table11-2 shows the calculation for cost per rider which ranges 
from $10.89 to $20.71 for the adopted land use scenario, and $9.30 to $17.34 for the 
more intensive adjusted land use scenario.  The bottom section of the table shows the 
calculation for the cost per new or incremental user which ranges from $21.22 to $57.36 
for the adopted land use scenario, and $18.86 to $43.86 for the adjusted land use 
scenario. 

Table 11-3 compares these measures with a selection of transit projects that have 
received a “recommended” or higher rating from the FTA for federal funding, including 
the TTA Phase I Regional Rail project.  Also included in the table are the measures 
developed from the US 15-501 MIS.  Note that the measures in the table are 
approximate only, as assumptions were made in deriving them (as noted in the footnotes 
to the table)4. 

                                                 

4 Direct comparisons between information developed from the NC 54/I-40 Corridor study and the 
US 15-501 MIS also are very indicative only as some of the assumptions for costing and 
forecasting ridership are different.  Phase II would provide data that would allow a more accurate 
comparison.   
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Table 11-1: FTA Annualization Factors 

Item Useful Life (Years) Annualization Factor 

Right-of-way 100 0.070 

Right-of-way preparation 
(major grading, etc.) 100 0.070 

Structures 30 0.081 

Trackwork  30 0.081 

Signals, electrification 30 0.081 

Pavement, parking lots, grade 
crossings 20 0.094 

Rail vehicles 25 0.086 

Buses 12 0.126 

Contingencies 
Add item-specific 
contingency to line 

items 
  

Engineering, construction 
management Allocate proportionally   

 

Table 11-3 suggests that high capacity transit is potentially feasible in the NC 54/I-40 
corridor.  The cost-effectiveness measures for the corridor are generally comparable to 
projects around the US being recommended for federal funding.  They also are 
comparable with those for the US 15-501 project.  The cost-effectiveness of the lowest 
cost alternative (using the I-40 HOV lane) is similar to the TTA Phase I Regional Rail 
project.   

However, the measures are not strong and feasibility is marginal.  It would be critical in 
Phase II to examine alignment and operating options that could reduce cost, and to 
identify development opportunities that could enhance ridership.  Land use is probably 
the single most important factor that will decide feasibility.  Clearly, the additional 
employment and households that are included in the adjusted land use scenario 
enhance ridership, and therefore the overall feasibility of high capacity transit in the 
corridor.  Ultimately, the extent of and commitment to transit-supportive land use and 
design may decide the feasibility of high capacity transit and will dictate the level of 
investment in transit improvements that is warranted.   



Alternative A
BRT BRT LRT DMU BRT LRT DMU

ANNUALIZED COST
    - Capital Cost $13,919,705 $17,486,698 $29,795,266 $26,244,699 $16,158,877 $30,413,201 $26,857,126

    - Annual O&M Cost $10,908,000 $11,350,000 $14,946,000 $14,172,000 $11,001,000 $14,879,000 $14,111,000
Total Annualized Cost $24,827,705 $28,836,698 $44,741,266 $40,416,699 $27,159,877 $45,292,201 $40,968,126
COST PER TRANSIT RIDER
Corridor Transit Users (unlinked trips)        
     - Adopted Land Use 7,600 7,200 7,200 7,200 8,000 8,000 8,000
     - Adjusted Land Use 8,900 8,600 8,600 8,600 9,200 9,200 9,200
     - Adopted Land Use 2,280,000 2,160,000 2,160,000 2,160,000 2,400,000 2,400,000 2,400,000
     - Adjusted Land Use 2,670,000 2,580,000 2,580,000 2,580,000 2,760,000 2,760,000 2,760,000

Cost Per Rider        

     - Adopted Land Use $10.89 $13.35 $20.71 $18.71 $11.32 $18.87 $17.07
     - Adjusted Land Use $9.30 $11.18 $17.34 $15.67 $9.84 $16.41 $14.84

INCREMENTAL COST PER INCREMENTAL TRANSIT USER
Annual New Ridership (systemwide linked 
trips)
     - Adopted Land Use 1,170,000 780,000 780,000 780,000 1,260,000 1,260,000 1,260,000
     - Adjusted Land Use 1,050,000 1,020,000 1,020,000 1,020,000 1,440,000 1,440,000 1,440,000

Incremental Cost Per New Rider
     - Adopted Land Use $21.22 $36.97 $57.36 $51.82 $21.56 $35.95 $32.51
     - Adjusted Land Use $23.65 $28.27 $43.86 $39.62 $18.86 $31.45 $28.45
Notes:
1. All costs are in 2002 dollars.  Costs at time of construction (in future year dollars) would be higher.

Table 11-2: Calculation of Cost- Effectiveness Measures
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YOE 2002

Average 
Weekday 
Corridor 

Boardings

Daily New 
Riders 

Systemwide
Louisville, KY - Transportation Tomorrow South 
Central Corridor LRT

15.0 18 $671.2 $596.6 $47.7 $28.00 15,950 11,000 $15.83 $12.60 Recommended

Raleigh, NC - Phase I Regional Rail Project 35.2 16 $754.8 $670.9 $53.7 $48.10 31,700 11,600 $10.70 $19.49 Recommended

Denver, CO - West Corridor LRT 11.0 14 $624.3 $554.9 $44.4 $29.10 23,900 11,800 $10.25 $22.83 Recommended

Dallas, TX - Northwest/Southeast Light Rail MOS 22.0 16 $1,237.5 $1,100.0 $88.0 $36.80 41,600 9,500 $10.00 $13.10 Recommended

NC 54/I-40, CH - RTP (Adjusted Land Use) 13.9 11 N/A $168 - 375 $24.8 - $45.3 $10.9 - $14.9 8,600 - 9,200 3,400-4,800 $9.30 - $17.34 $18.86 - $43.86 N/A

US 15-501, Durham-Chapel Hill (Rail, Busway only ) 14.0 13 N/A $217 - $330 $17.4 - $26.4 $9.3 - $12.9 8,030-16,910 400 - 2,700 $7.46 - $14.45 $37.73 - $291.92 N/A

Hartford, CT - New Britain - Hartford Busway 9.6 12 $160.0 $142.2 $11.4 $12.80 8,800 3,700 $9.16 $5.09 Recommended

Phoenix, AZ - Central Phoenix/East Valley Corridor 
(LRT)

20.3 27 $1,181.0 $1,049.8 $84.0 $42.50 48,000 33,000 $8.78 $9.90 Recommended

Columbus, OH - North Corridor LRT 13.0 14 $501.8 $446.0 $35.7 $9.90 17,400 6,800 $8.73 $19.50 Recommended

Charlotte, NC - South Corridor LRT 11.2 16 $348.2 $309.5 $24.8 $20.80 21,100 14,200 $7.20 $7.17 Highly Recommended

San Diego, CA - Mid Coast Corridor (LRT) 3.4 3 $131.5 $116.9 $9.4 $3.70 12,100 9,860 $3.60 $4.10 Highly Recommended

Cleveland, OH - Euclid Corridor Transportation 
Project (BRT)

9.8 30 $228.6 $203.2 $16.3 $1.03 29,500 2,400 $1.95 $35.30 Recommended

Notes:

1.  Approximate "average" of YOEs (Year of Expenditure) assumed to be 2006 for all projects.  Converted to $2002 using 3% escalation factor. 

2.  Annualized Capital Cost ($2002) calculated by using aggregated annualization factor from NC 54 Corridor (0.08). 

3.  Cost per Corridor Transit Rider (dollars per rider per year) =

Total annualized capital cost plus annualized operating and maintenance costs
            Total annual ridership (unlinked trips) /
4. Cost effectiveness measure (incremental cost per incremental user, expressed as dollar cost per new rider per year) =
            Total annualized capital cost plus annualized operating and maintenance costs

Total annual new ridership (linked trips)
5.  Annual riders calculated by assuming 300 "equivalent "weekdays per year.

6.  All US 15-501 costs are for 2001.

Table 11-3: Cost-Effectiveness Measures for Comparable New Start Projects in Preliminary Engineering 

Total Capital Cost (mill)

Annualized 
Capital Cost 
(mill, $2002)

Annual 
Operating 

Cost      (mill,  
$2002)Project

Length 
(miles)

Number of 
Stations

Ridership Forecast (2025)

Project Rating

Cost per 
Corridor 
Transit 

Boarding

Incremental Cost 
per Incremental 

Passenger 
(Systemwide)
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Other Corridor Objectives 

High capacity transit in the corridor would support many of the objectives that have been 
established for the corridor, as described in Section 3.0.  In particular, high capacity 
transit would:    

• Improve mobility and reliability of travel between Chapel Hill and the Research 
Triangle Park.  Studies show that, even with planned roadway improvements on 
I-40, congestion is projected to dramatically worsen in the corridor over the next 
25 years.  Travel by car on I-40 in the peak hours will take longer than today.  
Implementation of HOV lanes would not significantly improve conditions for most 
travelers.  High capacity transit can add substantial people-carrying capacity, as 
well as improve the reliability of travel in the corridor, particularly during the peak 
periods.  Transit traveling in its own right-of-way can operate at predictable travel 
times irrespective of traffic conditions. 

• Complement and enhance existing and planned regional transit service and 
accessibility.  High capacity transit in the corridor would enhance access to a 
regional transit system and improve its overall viability. 

• Reduce reliance on the automobile and the vehicle miles of automobile travel in 
the corridor. 

• Support the vision and objectives of the NC 54/I-40 Corridor Study Plan and the 
Durham 2020 Comprehensive Plan. 

• Promote and shape development patterns to enhance the convenience of using 
transit and to increase transit ridership. 

11.2 ENVIRONMENTAL AND COMMUNITY ISSUES 
This section evaluates the impacts of the three alignment options to the resources 
identified in Section 5.0.   

Wetlands 
• Alternative A crosses each of the wetland areas following the I-40 existing 

alignment. 

• Alternative B crosses Wetland 1 following the NC 54 existing alignment and 
Wetland 2 following the I-40 existing alignment.  In addition, this alternative 
crosses Wetlands 2 and 3 on new alignment.  Though the area of wetlands that 
would be affected was not determined in this phase of study, it can be assumed 
that crossing the wetland on new alignment would be considered a more 
significant impact than crossing it along an existing alignment. 

• Alternative C crosses Wetland 1 using the NC 54 existing alignment and 
Wetlands 2 and 3 using the I-40 existing alignment. 
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The Corps of Engineers generally requires wetlands to be crossed on structure if they 
are considered high quality wetlands or if they are located in a water supply or 
watershed.  The Corps does not consider pilings to be fill materials, but other designs 
requiring fill would need a permit.  It is generally advisable to have a pre-application 
meeting to determine the type of design and discuss with the Corps whether or not a 
permit would be required.  This should be pursued as part of Phase II 

Schools 
None of the public schools in the study area would be affected by the project.  In 
addition, the 2001 Master Plan for the UNC-Chapel Hill Main Campus reserves a 
corridor for fixed guideway transit on the campus.  Use of this corridor is assumed for 
this study. 

Parks 
Neither of the city parks would be affected by any of the alignment options.  

At the western end of the corridor all alignments abut the Finley Golf Course in Chapel 
Hill.  The design of the alignment in this area would have to avoid the golf course, 
thereby potentially impacting a motel and other development that is now separated from 
the golf course by Prestwick Road.   

All alignments would impact the 100-foot wide vegetation buffer along the southern edge 
of I-40.  Design options would have to be considered to minimize this impact.  
Coordination with and approvals from Durham City/County would be needed. 

The alignments would allow for connections to the American Tobacco Trail.  All would 
cross the trail in the area of The Streets at Southpoint Mall, but adverse impacts are 
expected to be minimal. 

Churches and Cemeteries 
An Alternative A alignment option could impact a church at the corner of Kristen Marie 
Lane and NC 54.  The extent of the impact is not known, but access to the church could 
be adversely affected (this could result in displacement).  Alternative B could have 
impacts to a small cemetery just west of Wetland 3/Waterfowl Impoundment Area.  This 
impact is associated with the US 15-501 alignment, with which Alternative B connects 
but is not a part of.  Therefore, impacts associated with that alignment, which were 
described in the US 15-501 MIS, are not considered part of this project. 

Neighborhoods 
A detailed assessment of impacts would be undertaken in Phase II.  Potential impacts 
listed here are preliminary and the result of an environmental screening only.  In 
addition, neighborhood impacts cannot be completely assessed without input from 
residents.  A positive impact by the analyst could be considered negative by residents 
and vice versa.  Also, residents who are intimately familiar with an area might point out 
impacts that the analyst might not be aware of.   
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A review of maps and aerial photographs, along with a windshield survey indicate that 
impacts to neighborhoods should be minimal.  No relocations are anticipated. 

• Alternative C skirts the northern edge of the Parkwood neighborhood using NC 
54.  Homes appear to be set back far enough that they would avoid being 
affected directly by the alternative.  There could be noise and visual impacts, 
however, and possible impacts to the entrance of the neighborhood. 

• Two stations are proposed near the Kentington Heights neighborhood near The 
Streets at Southpoint.  Both of these stations are options associated with the 
Alternative C alignment.  It appears that these would be proximity impacts only 
(noise, visual).  No relocations are expected.  This area is proposed for 
redevelopment, which would change the zoning from residential to commercial or 
mixed-use.  

• There could be proximity impacts (noise, visual, etc.) to some homes near the I-
40/NC 54 interchange, where a station is proposed for Alternative C. 

• North of the I-40/NC 54 interchange, the Alternative B alignment and station 
could affect properties in the Farrington neighborhood.  The alignment crosses 
several properties, which appear to be vacant land.  This area is being 
considered for redevelopment, which this alignment attempts to serve.  If this 
redevelopment does not occur, this section of the alignment would most likely be 
eliminated from consideration, thus avoiding the impacts to the properties. 

• All alternatives traverse a portion of Meadowmont.  However, as a condition of 
approval of the mixed-use development, a transit corridor was identified and 
reserved (this is the corridor recommended in the US 15-501 MIS).  Alternatives 
A and C which parallel the eastern side of West Barbee Chapel Road (which is 
not part of the reserved corridor) could have some impacts on future 
development in that area but would not displace any current residents. 

• Also, as noted in the US 15-501 MIS, there are potential impacts to the Mason 
Farm neighborhood from the alignment as it makes its way onto the UNC-Chapel 
Hill Main Campus.  (These impacts are assessed in the US 15-501 report and 
are not considered part of this project.) 

Environmental Justice 
Few, if any, adverse impacts are anticipated in the area identified in Section 5.0.  The 
area is expected to benefit from the location of a transit station at NC 55 (Alternative C).  
Alternatives A and B pass through the area, but the transit stations along these routes 
are not as easily accessible as the one at NC 55 and NC 54 as part of Alternative C.    

Businesses 
It is not anticipated that any businesses would be displaced, though parking may be 
affected at some locations (primarily by Alternative C along NC 54). 
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Protected Species 
Surveys of the project area and a detailed analysis of impacts to the species listed in 
Section 5.0 would be necessary in Phase II. 

Summary 
The Phase I environmental screening has not identified any environmental flaws that 
would prevent building or operating a transit system in the corridor, although there are 
major environmental features that constrain the location of the alignment in certain 
areas.   More detailed assessments would be required in Phase II to confirm this 
preliminary conclusion.  
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12.0 RECOMMENDATIONS AND NEXT STEPS 

12.1 RECOMMENDATIONS 
The Policy and Technical Committees for the Phase I study unanimously recommended 
to the TTA Board of Trustees and the DCHC MPO Transportation Advisory Committee 
that the study move forward to Phase II.  The committees concluded that Phase I had 
demonstrated the viability of high capacity transit in the corridor, and in particular: 
 

• There are no fatal flaws (physical, environmental, or community) to implementing 
high capacity transit system (rail or bus rapid transit) in the corridor.   

• The cost-effectiveness measures for the corridor are comparable with projects 
around the US being recommended for federal funding, and locally, the US 15-
501 project.    

• Transit investment would be consistent with adopted land use objectives for the 
corridor. 

• Although transit investment would be consistent with land use objectives for the 
corridor as stated in the NC 54/I-40 Corridor Study Plan, the rapid development 
that is occurring in the corridor is, for the most part, not transit-oriented or 
supportive.  However, there is potential to shape future growth to be transit 
supportive, which is essential if high capacity transit is to be feasible. 

• There is some urgency to proceed since the corridor is regionally important and 
opportunities could be lost.  In addition to current development trends generally 
not being transit-supportive, right-of-way options for building the transit system 
will diminish over time. 

However, in recommending to proceed with a more detailed study, the committees 
stressed that: 
 

• Local elected officials must understand that land use planning, decisions, and 
commitments are critical.  The cost-effectiveness measures are not strong and 
feasibility is marginal.  The level of transit investment that is warranted will be 
highly dependent on land use policies, and a decision to invest in high capacity 
transit also is a decision and commitment to plan, and adopt zoning and 
ordinances for future development and redevelopment that has transit-supportive 
types of uses, higher densities, and pedestrian-friendly design around stations.  
The TTA’s Station Area Development Guidelines for Regional Transit Stations 
(December 1997) provides excellent guidance for this purpose.  Investment in 
high capacity transit is unlikely to be feasible without this land use commitment. 

• Phase II must be coordinated with any future HOV planning for I-40 (assuming a 
decision is made in the near term to continue studying HOV).  Implementation of 
HOV lanes by the state would have implications for transit investment in the 
corridor, as the Alternative A alignment for the NC 54/I-40 corridor transit system 
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assumes the construction of those lanes and, most likely, would only be 
implemented if the HOV lanes were built.  A decision not to proceed with HOV 
would favor Alternatives B and C.  However, using the HOV lanes, while reducing 
construction costs, has limitations in that it may not serve intermediate land uses 
as well.  Therefore, it is not out of the question that in the longer term both 
facilities may be beneficial.  

12.2 PHASE II STUDY 
Phase II would develop the additional detail needed to: 
 

• Determine the level and the type of transit improvements that are feasible and 
warranted. 

• Enable a more detailed comparison with the US 15-501 corridor and other 
potential corridors in the Research Triangle region (the corridor would be studied 
at the same level of detail as US 15-501).  The regional transit system will 
continue to expand after the TTA Phase I Regional Rail is completed.  Since 
there is limited funding available, potential corridors must be prioritized.   

• Identify station locations, and develop appropriate land use plans and 
recommendations for those areas.  This will enable local governments to prepare 
and adopt the appropriate zoning and ordinances, a critical step since the Phase 
I study has shown that current development trends are not transit-oriented and, if 
they continue, will weaken the feasibility of transit in the corridor.  The Phase II 
study would develop policies and guidelines for development in the station areas. 

• Identify the right-of-way that would need to be preserved, regardless of when the 
transit system may be implemented. 

• Identify and program short-term, phased improvements to improve transit service 
over time (not necessarily high capacity or high cost). 

• Enable roadway projects to take transit plans into account (e.g., the widening of 
NC 54 which is included in the DCHC LRTP).  

• Enable any HOV decisions to take transit into account (e.g., the type of HOV lane 
which will affect the efficiency of transit operations and the location of access 
ramps which will affect the construction costs).  

• Position the corridor for FTA funding. 

Key Phase II tasks would include: 

• Much more detailed alignment studies, engineering, and costing.  In Phase I 
there was no attempt to refine the initial alignments to identify changes that could 
reduce costs.  But it was clear that lower cost hybrid options exist, i.e., using the 
most cost-effective pieces of the different alternatives (examples are discussed in 
Section 6.0). 
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• More detailed assessment of the transit modes, and in particular the applicability 
of more advanced bus technologies to address the poor image of buses.  New, 
sophisticated (but relatively inexpensive) guidance systems that can improve 
image of the service and the quality of the ride, and reduce the right-of-way 
requirements in restricted locations, would be considered.  Costing for the Phase 
I study assumed low floor, articulated buses with hybrid diesel-electric propulsion 
which are considerably more expensive than conventional buses (approximately 
$600,000 versus $300,000).  A guidance system could add approximately $0.5 
million to the cost of a bus, with only minimal cost for the equipment that is 
located on or in the pavement. 

• Land use planning for station areas. 

• Detailed ridership forecasting. 

• A detailed assessment of environmental and community impacts. 

• An extensive public involvement program. 

12.3 NEXT STEPS 
The findings of the study and recommendations of the committees are being presented 
to the TTA Board of Trustees and the DCHC TAC.  If these two bodies agree to proceed 
to Phase II, and if funding is available, the study could begin around mid-2003 and 
should take approximately 15 months. 
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RELATED STUDIES 
 
The purpose of the NC 54/I-40 Transit Corridor Feasibility Study is to determine the feasibility of 
implementing high capacity transit improvements in the corridor which stretches between the 
University of North Carolina at Chapel Hill main campus and the planned Triangle Metro Center 
development in the Research Triangle Park (RTP).  The corridor is one of several that ultimately 
may comprise the regional transit system for the Triangle area.   
 
There are a number of completed or ongoing studies that have implications for transit in the NC 
54/I-40 corridor.  Related studies include:  
 

• The Regional Transit Plan. 
• The current update of the Durham-Chapel Hill-Carrboro Metropolitan Planning 

Organization (DCHC MPO) 2025 Transportation Plan. 
• The NC 54/I-40 Corridor Study Plan. 
• Durham Southwest Area Transportation Plan 
• The I-40 High Occupancy Vehicle (HOV)/Congestion Management study.  
• The US 15-501 Major Investment study.  
• The Raleigh/Durham International Airport (RDU) Connection study. 
• The Center of the Region study. 

 
Key elements of these studies  are summarized below.  
 
Regional Transit Plan 
 
The Regional Transit Plan was 
developed cooperatively by the TTA 
and its governmental partners.  
Adopted in 1995 by the TTA Board of 
Trustees, the Plan includes regional rail 
service and other high capacity transit 
service, expanded regional bus service, 
shuttles, park-and-ride facilities, and 
enhanced pedestrian and bicycle 
access to transit.  The Plan also 
includes adding express service to 
existing routes and new service to the 
region’s smaller communities.  The plan 
is divided into several phases.  Phase I 
of the Plan involves the development of 
a Regional Rail system extending from 
Durham to North Raleigh via the 
Research Triangle Park, Cary and 
downtown Raleigh.  It will be supported 
by regional, university, and local bus 
service.  Phase II includes connections to Raleigh/Durham International Airport and Chapel Hill.  
In the future, Regional Rail could be extended to some of these towns where rail corridors exist 
and an operating agreement with the railroads can be negotiated. 
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Preliminary engineering and the Final Environmental Impact Statement (DEIS) have been 
completed for the 35-mile Phase I Rail corridor.  The first section of Phase I, from 9th Street in 
Durham to the Government Center in Raleigh, is anticipated to open in late 2007.  
 
Within the next few years, the TTA is also planning to relocate its RTP bus transfer center which 
is now near Davis Drive to the Triangle Metro Center station at the south end of RTP. 
 
Update of DCHC 2025 Transportation Plan 
 
The Durham-Chapel Hill-Carrboro Metropolitan Planning Organization (DCHC) Long Range 
Transportation Plan has recently been updated and is scheduled to be adopted in 2003.  The 
Plan includes fixed guideway transit service in the NC 54/I-40 corridor.  Since the Plan update 
and Phase I of the NC 54/I-40 transit corridor study were being undertaken concurrently, one of 
the alternatives identified and analyzed in the corridor study (Alternative A, which would use the 
planned I-40 high occupancy vehicle lanes, also included in the Plan update) has been 
incorporated into the Plan.   
 
A range of roadway improvements also is being assessed within the corridor.  Several widening 
projects are already committed (and are included in the Transportation Improvement Program) 
or under construction, as follows: 
 

• NC 54 from Davis Drive east to Miami Boulevard from two lanes to four lanes divided. 
 
• I-40 from US 15-501 east to NC 147 from four lanes to six lanes divided. 
 
• I-40 from NC 147 (Durham Freeway) east to the Wake County line from six lanes to 

eight lanes divided. 
 
Roadway widenings being considered in the plan update include: 
 

• NC 54 Bypass (Fordham Boulevard) from Manning Drive to NC 54 from four lanes to six 
lanes. 
 

• NC 54 from Barbee Chapel Road (in Chapel Hill) east to I-40 from four lanes to six 
lanes. 
 

• NC 54 from the I-40 interchange east to NC 55 from two lanes to four lanes divided. 
 

• NC 54 from to Miami Boulevard east to the Wake County line from two lanes to four 
lanes divided. 
 

• Widening of I-40 from US 15-501 east to I-540 to eight lanes for the entire length. 
 
In addition, High Occupancy Vehicle (HOV) lanes on I-40 are include as an alternative.  Travel 
Demand Management (TDM) strategies also are being analyzed.  
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NC 54/I-40 Corridor Study Plan 
 
The NC 54/I-40 Corridor Study Plan prepared by the Durham City-County Planning Department 
(February 2001) provides a land use vision for a corridor that stretches from Chapel Hill to the 
RTP.  The recommendations in the Study build on The Durham 2020 Comprehensive Plan, 
adopted in 1995, which identifies NC 54 as an Urban Corridor of more intensive land use with 
pedestrian friendly design.  The Study supports a managed growth approach for the continued 
development of the area, an approach that encourages economic development while at the 
same time preserving important environmental resources.  It identifies significant development 
potential, with a vision of interconnected development served by multiple transportation modes.  
Recommended implementation measures include increased transit, transit compatible urban 
design, and locating future transit routes in areas supported by and consistent with density 
patterns identified in the Study.  Other recommendations include designating and protecting 
existing and potential transit corridors, and widening NC 54.  It should be noted that the Board 
of County Commissioners and City Council have adopted two different plans.  The difference is 
limited to two areas where the City plan permits greater densities.   
 
Durham Southwest Area Transportation Plan 
 
The Southwest Area Transportation Plan was prepared in 1998 as a strategy to cope with the 
traffic growth anticipated in Southwest Durham as result of development expected to occur by 
around 2005.  The study estimated future traffic on major roads in the area, identified critical 
capacity deficiencies, and recommended needed improvements.  Widening NC 54 between I-40 
and NC 55 was identified as one of the highest priorities, along with improvements at key 
intersections along that section.   
 
The study noted that several of the recommended roadway improvements would benefit transit, 
particularly service operating on two-lane roads.  The widening of NC 54 was identified as one 
such road.  In the event that fixed guideway transit was implemented in the longer term, road 
improvements also would improve the accessibility of feeder services and park-and-ride 
patrons.      
 
The study also noted that the most serious congestion occurred in the peak rush hours when 
commuter traffic combined with other traffic.  The study identified transportation demand 
management (TDM) measures to reduce peak traffic volumes. 
 
I-40 High Occupancy Vehicle (HOV)/Congestion Management Study  
 
In 1999, the North Carolina Department of Transportation, in partnership with regional 
transportation agencies, initiated a congestion management/High Occupancy Vehicle (HOV) 
study for the Research Triangle region, with specific emphasis on I-40.  Phase I of the study 
concluded there is no one solution for highway congestion.  With the region's projected high rate 
of growth, congestion will likely increase despite significant planned investment in 
improvements.  Nevertheless, congestion can be managed and alternatives that allow travelers 
to avoid congestion can be provided.  Phase I of the study concluded that HOV, or managed 
lanes, might be feasible along sections of I-40 and I-540 in the longer term (refer to map).  An 
HOV lane, sometimes called a carpool lane, is a special lane reserved for the use of carpools, 
vanpools and buses. They are usually located next to the general-purpose lanes.  These special 
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lanes enable those who 
carpool or ride the bus to 
bypass the traffic in the 
adjacent, general purpose 
lanes.  In addition to 
affording carpools and 
vanpools a faster and more 
reliable trip time, the HOV 
network could form the 
backbone of a regional 
express bus service, 
including service between 
Chapel Hill and the RTP.   
 
 
Phase II of the study, which 
was completed at the end of 
2002, confirmed the Phase I 
feasibility findings, and then 
focused on the a priority 28-
mile section of I-40 between 
NC 86 in Orange County and Gorman Street in Wake County.  Four basic types of HOV 
facilities were assessed: 
 

• Simple concurrent flow lanes (one in each direction) that are additional lanes separated 
from the adjacent general use lanes by a painted buffer.  This is the lowest cost option 
($440 million, in 2025 dollars, for the 28-mile section). 

 
• Complex, barrier-separated lanes with dedicated, grade-separated access at key 

entry/exit locations.  Access point within the NC 54 corridor are proposed between NC 
751 and Fayetteville Road, Fayetteville Road and NC 55, and Miami Boulevard and I-
540.  While this option is much costlier, it facilities movement in and out of the HOV lane 
and allows higher speeds.  This is particularly beneficial for transit vehicles that can 
travel at high speed between access points, and exit to pick up passengers or circulate 
on local roads at the access points. 

 
• Complex, barrier-separated lanes as described above, but with less access points. 
 
• A two-lane, elevated viaduct on each side of I-40 for HOVs and express (longer 

distance) traffic.  Access to these lanes would be limited as for the complex 
configuration.  This is the highest cost option ($3.6 billion, in 2025 dollars, for the 28-mile 
section).  The study concluded that viaduct may be the best option for the bottleneck 
portion of I-40 between NC 147 and I-540.  

 
While HOV is included in the DCHC Transportation Plan update, funding has not been 
identified.  
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US 15-501 Major Investment Study  
 
A Major Investment Study 
(MIS) focusing on transit 
improvements was 
recently completed for the 
US 15-501 corridor which 
stretches from the Duke 
Medical Center to the 
Main Campus of the 
University of North 
Carolina.  This corridor is 
a Phase II element of the 
Regional Transit Plan.  
The study did not make 
recommendations on 
technology, but bus rapid 
transit was found to be 
more cost-effective than 
rail alternatives based on 
the cost per new rider.  A preferred alignment was identified.  Shown as a green line in the 
accompanying figure, the alignment enters the NC 54 corridor in the vicinity of the Meadowmont 
project in Chapel Hill.  The project is included in the DCHC Long Range Transportation Plan 
update.  
 
 
RDU Airport Connection Study 
 
Currently, the TTA provides regional bus service to the Raleigh/Durham International Airport 
(RDU) from its Bus Center in Research Triangle Park.  The TTA’s 1995 Recommendations for 
Regional Transit Plan report include a fixed guideway transit connection from the Phase I 
Regional Rail corridor to RDU.  The Plan shows as Phase II of the Regional Transit Plan an arc 
extending from the proposed Phase I North Park station to the Airport, and reconnecting to the 
Phase I Corridor in the Morrisville/Cary area.  Until a fixed guideway transit connection to the 
Airport is constructed, TTA will run shuttles from one or two of its stations in the middle of the 
region.  In the last few years, the Airport has experienced a rapid growth in enplanements and 
currently is one of the fastest growing airports in the country.  The Airport master plan shows 
substantial changes in both airside and landside facilities, including a people mover system 
connecting the terminals with the car rental establishments at the south end of the Airport. 
 
A more detailed study of this corridor (the Airport Rail Link Study) commenced in March 2002.  
The study, which is scheduled to be completed in February 2003, will assess various 
technologies and alignments, leading to recommendations for implementation of an Airport link 
service.  While the Regional Transit Plan shows an arc, spur options also will be assessed, 
including a branch line from the Triangle Metro Center station (the eastern terminus of the NC 
54 corridor).  At this stage of the study there are no findings or conclusions.   
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Center of the Region Enterprise (CORE) 
 
The Center of the Region Enterprise is a collaboration between the Triangle J Council of 
Governments, Durham County, 
Durham City, Wake County, 
Raleigh, Cary, Morrisville, the 
Capital Area Metropolitan Planning 
Organization (CAMPO), DCHC, 
RDU Airport Authority, RTP, and 
TTA.  These local governments, 
regional organizations, and private 
sector leaders are working together 
to create a balanced, sustainable 
pattern of development in the 
Center of the Region.  This is an 
approximately 60 square mile area 
and includes RTP on the west, RDU 
on the east, and land along I-40 and 
NC 147 in between.  It extends to 
High House Road on the south and 
Ellis Road and US 70 on the 
northeast.  Products of the study, 
which is expected to be complete in 
the summer of 2002, will include 
development and urban design 
guidelines.  One element of the 
concept plan, as illustrated in the 
figure below, is a proposed transit 
loop that links major employment 
centers in the RTP, planned activity 
centers to the east and south, RDU, 
one Phase I rail station and another conceptual future station along the Phase I corridor. 
 
In addition to the transit loop, the CORE project has identified opportunities for transit-oriented 
developments (TODs) within the NC 54/I-40 transit corridor.  In addition to the Triangle Metro 
Center rail station, TODs were located at the existing RTP Service Plaza (also a transfer point 
for the RTP/RDU loop), and at the surplus Lowes Grove elementary school site on the corner of 
NC 54 and Alston Avenue.  
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APPENDIX C 
TRANSIT TECHNOLOGIES 

 
 

All appendix material taken from US 15-501 Major Investment Study, Phase II 
Report (HNTB North Carolina, P.C., December 2001) with edits as appropriate. 

 
 
 
 

C1 – BRT VEHICLE TECHNOLOGIES  
C2 – COMPARISON OF VEHICLE ALTERNATIVES 
C3 – CANDIDATE VEHICLE CHARACTERISTICS AND 

ILLUSTRATIONS 
C4 – PEER TRANSIT SYSTEMS 
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C1 BRT VEHICLE TECHNOLOGIES 
 
Following is information on the various BRT vehicle candidates. 
 
Standard Bus 
 
Transit bus fleets typically consist of a variety of rigid and, in some places, articulated 
transit coaches.  The "standard" 40-foot diesel coach is the common for street 
operations in many transit systems (refer to Appendix C3, Figure C3-1), but the 60-foot, 
articulated bus is often used in both street and BRT applications.  Smaller 30-foot and 
35-foot variants on the basic design also are used for more lightly-patronized lines, but 
fixed facilities are usually designed around the 40-foot standard.  Denver’s 16th Street 
Mall shuttles (Appendix C3, Figure C3-2) are a specialized 100% low floor variant.  
Articulated buses (Appendix C3, Figures C3-3 and C3-4) are sometimes appropriate for 
use on a system’s more heavily patronized routes.  
 

 

Guided Bus 

Similar to vehicles and propulsion systems, there are several guidance technologies 
available as well.  Other than manual steerage of the vehicle by an operator, available 
systems which guide the vehicle are optical, electro-magnetic and mechanical.  Optical 
systems process light reflected from guideway sensors to steer the vehicle.  Electro-
magnetic pick up impulses from a continuous series of magnets installed in a groove in 
the guideway to steer and regulate the speed of the vehicle.  Both of these systems are 
capable of being over-ridden by the operator and may be installed over the entirety of 
the guideway or in select locations (i.e., stations, tunnels, etc.) where precision 
movement is necessary. 
 
Another automated guideway system is one which employs guide wheels which are 
mounted on the undercarriage of the vehicle and travel in a channel in the roadway or 
side-mounted and travel against a horizontal rail to detect and direct the movement of 
the bus. 
  
With a few exceptions, it is possible to select the vehicle type with any of the propulsion 
system options.  As the development of the automated systems matures, it is believed 
that these technologies will similarly be available among a wider variety of vehicles. 
 
At least two European suppliers are offering guided bus systems, and two more have 
experimental prototype installations under construction.  All are based, to varying 
degrees, on adaptations of electric trolley buses, but two, Bombardier’s Tram on Tires 
and the Matra Civis, also list diesel-powered versions.  (Four of these technologies are 
illustrated in Appendix C3, Figures C3-5 through C3-8.)  Primary differences among 
these candidates are summarized in Table C1-1. 
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Developers of Civis, the Tram on Tires and another similar product, Translohr, each 
sought to provide a vehicle-guidance-power supply package that would combine some 
of the characteristics of light rail while retaining the capability to operate on regular 
paved streets as well as exclusive paved transitways. 
 

Table C1-1:  Primary Differences Among Guided Bus Packages 

 
Item 

Breda/Neoplan 
Stream 

Matra/Irisbus 
Civis 

Bombardier 
Tram on Tires 

Body Types Std & Articulated Double Articulated Double-Articulated 
Propulsion Electric Electric or Diesel Electric &/or Diesel 
Electric Power 
Source 

Embedded Power 
Strip Overhead Wire Overhead Wire 

Guidance System n/a Non-Contact 
Optical Embedded Rail 

 
Stream: Traction power delivery system being developed by Ansaldo Breda, and 
represents an alternative to overhead contact systems.  Electric power is transmitted to 
vehicles from a power strip embedded at surface level in street pavement.  Short 
sections are energized only when a stationary or moving vehicle is above.  At all other 
points, the power strip is not energized, so it poses no hazards to pedestrians or other 
surface traffic crossing it. 
 
Civis:  An alternative to the articulated, low floor hybrid-electric bus is provided by the 
CIVIS Guided Bus Rapid Transit System supplied by Irisbus, a jointly held company 
owned by Fiat, IVECO, and Renault.  The Civis bus is a high-capacity, double-articulated 
vehicle that can be manually steered or guided via an optical system beneath the center-
line of the vehicle that processes light reflected from sensors in two closely-spaced 
painted lines on the pavement.  Hub motors provide electric propulsion.  The full length 
low-floor vehicle comes in 40, 60 and 80-foot lengths with two, three or four axles.  
Power sources can be all electric with overhead catenary, as well as hybrid-electric with 
a diesel engine driving an alternator.  Buses are operating in Rouen and Clairmont-
Ferrand, France and have been sold to Las Vegas in the United States. 
 
Tram on Tires: Formerly Guided Light Transit (GLT).  High-capacity, double-articulated 
vehicle that can be manually steered or guided via small wheel assemblies bearing on 
an embedded rail placed in the pavement beneath the center-line of the vehicle.  Electric 
propulsion for this vehicle uses power supplied from an overhead wire and/or an on-
board diesel-generator set.  For straight electric operation, the negative return can be via 
the guidance rail or a second overhead wire.   
 
Translohr: High-capacity, double- or single-articulated vehicles that can be manually 
steered or guided via small wheel assemblies bearing on an embedded rail placed in the 
pavement beneath the center-line of the vehicle.  The Translohr’s electric propulsion 
uses power supplied from an overhead wire and/or an on-board diesel-generator set.  
For straight electric operation, the negative return can be via the guidance rail or a 
second overhead wire. 
 
It should be noted that Stream is not really a guided bus, as an operator must steer it 
down the lane with its pick-up shoe properly aligned over the embedded power strip.  
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What Stream does is to provide a method for supplying electric power to electric buses 
without having to build an overhead contact system (OCS) like Civis, the Tram on Tires, 
or the conventional trolley buses used in Boston, Philadelphia, Dayton, Seattle and San 
Francisco.  
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C2 COMPARISON OF VEHICLE ALTERNATIVES 
 
The vehicle technology alternatives described in this report possess a variety of 
physical, performance and service characteristics.  Similarities and differences between 
technologies are described below. 

C 2.1 SIMILARITIES AND DIFFERENCES BETWEEN TECHNOLOGIES 
Technology Elements 

Physical and operating characteristics of several technologies are presented in Appendix 
C3, Table C3-1.  The conceptual design vehicles use maximum or minimum values, as 
appropriate, to accommodate a worst-case or recommended design standard.   
 
Data for standard and articulated buses represent a composite of the 40-foot standard 
and 60-foot articulated urban transit buses currently in production, typically 70%-80% 
low floor designs.  Exceptions are the “Mall Bus” column, which describes the 100% low 
floor vehicles used on Denver’s 16th Street Mall, and the high floor “Bi-Articulated” bus, 
such as used in Curitiba, Brazil, where level boarding is achieved by using the unique 
raised tube stations to provide platforms at the same height as bus entries.   
 
Information on the Stream in-pavement power distribution system, and the three French 
guided bus systems is taken from materials produced by the firms promoting these 
proprietary transit technologies.  Because it uses standard 40-foot and articulated buses 
that have been adapted to its unique power system, Stream should produce the same 
capacity and performance results as for regular diesel vehicles.  Results vary, however, 
for the guided buses, which, like the “Mall” and "Bi-Articulated" buses, are designed for 
in-city urban services. 
 
Similarly, data for the candidate LRT and DMU rail vehicles also is taken from materials 
produced by supply firms.  Unlike the guided buses, there are numerous manufacturers 
producing many different types of rail vehicles.   
 
Consolidation of Vehicle Suppliers 

In response to the globalization of the economy and, particularly, the creation of a 
Europe-wide single market, there has been in progress for several years a distinct 
pattern of consolidation in the rail car building business.  Results of consolidation 
include: 
 

• Concentration of production at the most efficient plants inherited from 
predecessor firms, and closure of less efficient facilities. 
 

• Reduction in the number of candidates within each technology type, as the new 
firms - much like automobile manufacturers - attempt to focus on a few “models” 
with “options” to reduce design and manufacturing costs and improve their price 
competitiveness. 
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One example of consolidation is the joining of forces by several European bus builders 
in France, Italy, Spain, the Czech Republic and Hungary to create a new firm called 
Irisbus.   
 
Operational Fit 

 
The data in Appendix B, Table B-1, address physical and service issues that, taken 
together, provide the basis for assessing the operational fit of each candidate technology 
for the NC 54/I-40 corridor. 
 
Dimensions   

Alternative vehicles range from standard transit buses (40 feet long by 8.5 feet wide by 
10 feet high) to large railroad passenger cars (up to 170 feet long by 10.5 feet wide by 
14.5 feet high).  The right-of-way, station platform, side and overhead clearances, and 
other physical facilities required to support operation of this range of vehicles will differ 
considerably from one option to another.  Options are available for operating in existing 
highways and streets using smaller, street-capable vehicles.  
 
Level Boarding and Low Floor Vehicles  

A trend in rapid transit systems has been the matching of vehicle entries and boarding 
platforms to the same height to avoid the need for steps.  On heavy rail systems in larger 
cities such as in Atlanta and Washington, D.C., this is achieved by using station 
platforms raised to the height of the car floors, a little over three feet above the rail (for 
mainline railroads, passenger car floors are typically 4 feet-3 inches above the rail). 
 
In past years, level boarding was not offered on bus, light rail, and most commuter rail 
systems.  Vehicle floors were raised, as on heavy rail cars, and passengers had to climb 
several steps to board from low station platforms (about curb height, 6-8 inches above 
the rail or road), and special facilities, lifts or ramps, were needed to accommodate 
riders unable to use steps.  Now, “low floor” vehicles make it possible to offer rapid 
transit-style level or near-level boarding for all passengers from low platforms raised just 
a few inches above normal curb height.  The result is that stations can be more readily 
integrated into urban and suburban streetscapes, and be in full compliance with the 
ADA.  Boarding/exiting speeds are also reduced which improves overall efficiency.   
 
Vehicles with kneeling capability, short-rise lifts, and/or bridge plates to close 
vehicle/platform gaps enhance accessibility for people with disabilities.  However, the 
low floor design makes it impossible to place seats over the front wheel wells.  As a 
result, some seats are lost at the front of buses.  This problem is not experienced on low 
floor rail vehicles. 
 
After 15 years of development, low floor buses, light rail vehicles, and DMU cars have 
become the norm for transit systems in Europe and elsewhere.  Only low floor transit 
buses can be purchased now in Canada, and they are being ordered increasingly by 
U.S. transit operators.  Now widely used in Western Europe, low floor light rail vehicles 
also are operating in Portland (OR) and northern New Jersey, are being built for San 
Jose and Houston, and will be purchased for Minneapolis and Seattle.  Western 
European railroads, similarly, have embraced low floor DMUs, which also have been 
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ordered for southern New Jersey and will be purchased for the new Oceanside-
Escondido line in southern California.   
 
Nearly all of the vehicles discussed above are low floor buses or rail cars that can offer 
level boarding from low platform stations.  Exceptions are the Curitiba-type bi-articulated 
bus, and some LRT vehicles, which achieve level boarding with high platforms like 
heavy rail systems such as the Washington Metro. 
 
Accommodations   

Passenger capacity and comfort are important issues in designing a transit service.  In 
the Research Triangle area of North Carolina, summer temperatures and humidity cause 
people to expect public facilities to be air conditioned.  Provision of full air conditioning is 
now the norm for U.S. transit vehicles of all types, but it is not yet universal in Europe.  
Thus, to provide attractive service in this region, some of the technologies described in 
this report would need to be modified to add full air conditioning. 
 
Regarding system capacity, bigger vehicles can carry more passengers, so fewer 
vehicles can do the same job as a larger number of smaller vehicles.  This is not always 
an advantage.  Where demand is light or moderate, use of vehicles that are too large 
may result in providing too much capacity or, alternatively, too little service.  Higher 
capacity transit is limited to a region’s primary corridors where their efficiency can be 
utilized, while standard buses suffice for local distribution, circulation and feeder lines 
attracting fewer riders.  

 
Propulsion Alternatives 

Most candidate vehicles can be provided with more than one type of propulsion, though 
to some extent, the assertions in Appendix C3, Table C3-1, depend on how a vehicle is 
defined.  For example, bus options are defined here as diesel-powered; but both 40-foot 
diesel and articulated electric trolley buses are used in cities around the world.  Similarly, 
LRT is assumed to be electrically propelled using power taken from an overhead contact 
system (OCS); but LRVs occasionally have small internal combustion engines (e.g., 
Lausanne) to avoid the expense of OCS in yards and shops.  In each case, the choice 
tends to be one type of propulsion or the other.  The exceptions are the three French 
guided bus systems, whose designs expressly include the flexibility to use diesel or 
electric propulsion or both. 
 
Operating Capability  

This category of characteristics covers items that affect the ability of vehicles to operate 
under varying conditions. 
 

Maximum Speed: Vehicles intended for city and suburban services tend to have 
higher maximum operating speeds compared to vehicles targeted for central city 
services, which are more likely to combine lower speeds, heavier passenger loads, 
and more closely-spaced stops.  As a practical matter, there is a performance trade-
off between maximum operating speed and the rate of acceleration, with the choice 
for a particular service dependent on the relationships of corridor length and station 
spacing.  Short city routes with a stop every block need rapid acceleration more than 
a high top speed, but long regional corridors with stations spaced miles apart benefit 
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more from high speed than fast starts.  Thus, an electric LRV will accelerate at three 
miles per hour per second (mphps), but may attain a speed of 50-60 mph, while an 
Amtrak train will accelerate at less than 1.0 mphps, but reach in excess of 100 mph.  
Generally, a diesel-powered vehicle will not accelerate as rapidly as a similar electric 
vehicle, simply because of the limits on how much diesel engine can be packed 
physically and economically into the available space, whereas an OCS can supply all 
the power and electric vehicle can use. 

 
Grades and Curves: Whether rubber-tired or steel-wheeled, vehicles intended for 
in-street alignments that include turns through intersections must be capable of 
operating around sharp curves, and on relatively steep grades.  These requirements 
are met by the various steered and guided bus options, and by the LRT alternatives.  
Among DMUs, however, only one design (a diesel version of Bombardier’s Tram 
Train that has not progressed beyond the concept stage) approximates the grade-
climbing and turning capabilities of light rail vehicles.  Other alternatives are based 
on the easier grades and broader curves found on railroads. 

 
Directionality: Manually steered rubber-tired vehicles are almost universally set up 
with one operating cab or position at the front of the vehicle.  Steel-wheeled vehicles, 
which are guided as well as supported by their rails, typically are designed with a cab 
at each end, and can be run with equal facility in either direction.  Some LRT 
systems use single-ended cars to reduce costs (fewer operating cabs and some with 
doors on only one side of the car) and increase seating.  The trade-off is the 
requirement for a loop or other turnaround facility wherever direction is to be 
reversed, and a reduced ability to respond in emergencies, because “short turns” 
cannot be affected easily at any point on the line, as they can be with double-ended 
cars.  It should be possible to operate the guided buses as double-ended vehicles, 
so long as they are in “guided” mode, but Translohr is the only candidate that 
includes this feature in its design package. 

 
Costs 

 
There are two kinds of cost that must be considered: the initial capital investment to 
design and build fixed facilities, and to specify, procure and install vehicles and support 
systems, and the operating and maintenance expenses that will continue over the useful 
life of the project. 
 
Capital Investments 

The individual elements of capital investment can be classified as occurring in nine 
major categories: 

• Guideway Elements:  Roadbeds, structures, track or paving; 
• Stations:  Platforms, shelters and associated furnishings, transfer facilities, park-

ride lots; 
• Yards and Shops:  Vehicle storage yards, maintenance buildings, tools & 

equipment; 
• System Elements:  Electrification, signals, communications, fare collection; 
• Vehicles:  Revenue (passenger) and non-revenue (maintenance & supervisory); 
• Special Conditions: Utility relocation, demolitions, roadway changes, 

environmental issues; 
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• Right-of-Way:  Land acquisition, relocation; and 
• Project Soft Costs:  Engineering & design, construction management, overall 

project management, finance charges, training/start-up/testing. 
 
Not all capital cost elements would be incurred for every candidate transit vehicle 
technology.  Table C2-1 lists technologies and the related cost elements to add a new 
service to an existing transit system that already has some bus service and facilities in 
place. 
 
The qualitative analysis in the table suggests that for a given corridor, LRT is likely to be 
more costly to put in place than a DMU service.  Furthermore, LRT is likely to cost more 
than guided bus or bus rapid transit, for which some segments can be placed in existing 
streets without major reconstruction, and/or new facilities built at intermittent locations 
instead of throughout the entire corridor.  
 
Operations & Maintenance 

It is common to think of operating and maintenance (O&M) costs in terms of five large 
categories:  

• Transportation:  Costs of revenue vehicle operation; 
• Maintenance of Equipment:  Costs of servicing and repairing revenue vehicles; 
• Maintenance of Way:  Costs of servicing and repairing all other fixed facilities and 

systems elements; 
• Claims:  Costs of injuries and damages; and 
• General and Administrative:  Costs of managing the transit system. 

 
The experience of U.S. transit systems operating more than one mode has been that 
rail, when properly used on the system’s most heavily patronized line(s), usually costs 
less in O&M per passenger mile than the bus networks serving all the other lines, but 
that the overall effect is to produce a more cost-efficient system than if only buses were 
being operated.   
 
There is the higher labor efficiency of larger vehicles running in trains.  In Sacramento, 
for example, four-car trains of LRVs, each with only one operator, run on 15-minute 
headways to carry about 1,800 peak hour, peak direction riders.  That level of demand 
would require about 36 standard buses, each with its own driver.  The increase in 
operating labor utilization is so great that it more than offsets the increased expense of 
LRT fixed facility and systems maintenance personnel that an all-bus system would not 
experience.  This high labor efficiency must be achieved for rail transit, whether LRT or 
DMU, to become a beneficial addition to a region’s transit system.
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Table C2- 1: Correlation of Capital Cost Categories and Vehicle Technologies 
 

Cost Category Street Bus Bus Rapid Guided 
Bus 

LRT DMU 

Guideways: 
- Roadbeds 
- Structures 
- Paving 
- Track 

 
No 
No 
No 
No 

 
Some 
Some 
Some 
No 

 
Some 
Some 
Yes 
Steering 

 
Yes 
Yes 
Some 
Yes 

 
Yes 
Yes 
No 
Yes 

Stations/Stops: 
- Platforms 
- Transfer facilities 
- Park-ride lots 

 
Some 
Some 
Some 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

Yards & Shops: 
- Storage yard 
- Maint. Building 
- Tools & equipment 

 
Expand 
&/or 
modify 

 
Expand 
or 
modify 

 
Expand 
&/or 
modify 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

Systems Elements: 
- Electrification 
- Signals 
- Communications 
- Fare Collection 

 
No 
No 
Radio 
On board 

 
No 
Limited [a] 
Radio 
Maybe 

 
Maybe 
Limited [a] 
Radio 
Maybe 

 
Yes 
Yes 
Yes 
Yes 

 
Maybe 
Yes 
Yes 
Yes 

Vehicles: 
- Revenue 
- Non-revenue 

 
Yes 
Maybe 

 
Yes 
Probably 

 
Yes 
Probably 

 
Yes 
Yes 

 
Yes 
Yes 

Special Conditions: 
- Utility relocation 
- Demolitions 
- Roadway changes 
- Environmental 

 
No 
Limited  
Limited  
Few 

 
Some 
Some 
Some 
Some 

 
Some 
Limited  
Some 
Limited  

 
Yes 
Some 
Some 
Yes 

 
No 
Some 
Limited 
Crossings 

Project Soft Costs: 
- Eng. & design 
- Construction mgt 
- Project mgt 
- Finance charges 
- Train/start-up/test 

 
Limited  
Limited  
Yes 
Limited  
Limited  

 
Yes 
Yes 
Yes 
Probably 
Yes 

 
Yes 
Yes 
Yes 
Probably 
Yes 

 
Yes 
Yes 
Yes 
Probably 
Yes 

 
Yes 
Yes 
Yes 
Probably 
Yes 

[a] Traffic signal prioritization 
 
 
 
 
 
 

 



C3     Candidate Vehicle Illustrations

Figure C3-1: 40’ Low Floor Bus
(Fuel Cell Propulsion)

Figure C3-2: New Low Floor Mall 
Shuttle (16th Street Mall, Denver)



Figure C3-3:  Tri-Met Articulated Bus

Figure C3-4: Curitiba Bi-Articulated Bus



Figure C3-5: Stream, Non-articulated Bus

Figure C3-6: Civis



Figure C3-7: Translohr

Figure C3-8: Tram-on-Tires



Figure C3-9: Sacramento LRT, 4-Car Train

Figure C3-10: Astra Low Floor LRV for City-type Service



Figure C3-11: Combino LRV for City-type Service

Figure C3-12: Portland Low Floor LRV for Regional Service



Figure C3-13: Portland Low Floor LRV

Figure C3-14: New Jersey DLRV (Type 3 DMU)



Figure C3-15: RegioSprinter DLRV (Type 3 DMU)

Figure C3-16: Tram Train (Potential Type 3 DMU)



 
Table C3-1  Characteristics of Candidate Transit Vehicle Technologies 

 
Item Std Bus Mall Bus Artic Bus Bi-Artic Stream Civis “GLT” LRT1 LRT2 DMU3 

See Figure Nos. 1 2 3 4 5 6 7 & 8 9-11 12 & 13 14-16 
Supplier(s) Many Neoplan Many Volvo Breda Matra 2 [a] Many Many 2 [b] 
Dimensions: 
- Length 
- Width 
- Height 

 
40’ 
8.5’ 
10’ 

 
40’ 
8.5’ 
9.5’ 

 
60’ 
8.5’ 
10’ 

 
80’ 
8.5’ 
10’ 

 
40’, 60’ 

8.2’ 
10’ 

 
~60’,80’ 

8.4’ 
~10.5’ 

 
83.3’ 
8.2’ 
10.6’ 

 
~60’-155’ 
~7.5’-8.7’ 
~11’-11.5’ 

 
80’-95’ 
8.7’-9.5’ 

~11.5’-12’ 

 
80’-125’ 
8.7’-9.8’ 
11’-12.8’ 

Low Floor: 
- % of Length 
- Entry Height 

 
70-100% 

14.5” 

 
100% 
14.5” 

 
80-100% 

14.5” 

 
None [c] 

~36” 

 
100% 
14.5” 

 
100% 
~13” 

 
100% 
~14” 

 
70-100% 

~14” 

 
70-100% 

~14” 

 
60-70% 
~14-22” 

Accommodations: 
- Air Conditioning 
- Seats/Vehicle 
- Psgrs/Vehicle [d] 
- Psgrs/Train [e] 

 
Yes 
~45 
65 
n/a 

 
Yes 
~20 
45 
n/a 

 
Yes 
~65 
110 
n/a 

 
Yes 
~85 
145 
n/a 

 
Unknown 
 ~45 & 65 
65 & 110 

n/a 

 
Yes 

~45 & 65 
110 & 145 

n/a 

 
No? 
48 
150 
n/a 

 
Yes & No 
~25-125 
110-285 
220-285 

 
Yes 

~60-75 
~145-175 
290-350 

 
Yes & No 
~75-100 
~125-175 
250-350 

Propulsion Alternatives: 
- Diesel, Diesel-Electric 
- Battery Electric 
- Straight Electric [f] 

 
Yes 
No 
No 

 
Yes 
Yes 
No 

 
Yes 
No 
No 

 
Yes 
No 
No 

 
No 

Yes 
Yes 

 
Yes 
Yes 
Yes 

 
Yes 
Yes 
Yes 

 
No 

Maybe 
Yes 

 
No 

Maybe 
Yes 

 
Yes 
No 

Maybe 
Operating Capability: 
- Max Speed (mph) 
- Max Grade (%): 
   - Technical 
   - Practical for Ops [g] 
- Min Curve (Radius): 
   - Technical 
   - Practical for Ops [h] 
- Directionality [k] 

 
65 
 

12%+ 
5% 

 
35’-42’ 

45’ 
SE 

 
~45 

 
12%+ 
5% 

 
35’ 
40’ 
SE 

 
65 
 

12%+ 
5% 

 
40’ 
45’ 
SE 

 
45? 

 
~9-10%? 

5% 
 

~40’? 
45’? 
SE 

 
~45 

 
12%+? 

5% 
 

~40’? 
45’? 
SE 

 
~45 

 
13% 
5% 

 
40’ 
45’ 
SE 

 
~45 

 
13% 
5% 

 
40’ 
45’ 

SE [l] 

 
~45 

 
8% 
5% 

 
50’-60’ 
65’ [i] 

SE or DE 

 
55-65 

 
7% 
4% 

 
82’ 
85’ 
DE 

 
50-60 

 
6& 
2% 

 
85’-265’ 

[j] 
DE 

FRA Structure n/a n/a n/a N/a n/a n/a n/a No No No 
 

[a] Bombardier Tram on Tires, Lohr Indusrie Translohr.  Data for Tram on Tires, but Translohr very similar. [b] Bombardier & Nippon Sharyo, concepts offered but none 
built to date. [c] High platforms at same height as vehicle floor used to provide level boarding. [d] Standees are calculated at approximately 3 sq ft per person in the 
interior area not used for seats. [e] Total, seated & standing, 2-car trains where applicable. [f] Power from overhead contact system (OCS) except Stream. [g] May be 
exceeded for short stretches of 1-2 blocks or less. [h] For limited-range movements, usually in yards and around obstructions. [I] For railroad-type cars, allows 25 
mph speed with 3 inches of superelevation. [j] Depends on capability of vehicle selected. [k] SE - one operating cab, doors on one side, uni-directional; DE - two 
operating cabs, doors on both sides, bi-directional. [l] Translohr intends to offer both SE and DE versions of its guided bus, but the DE version - unlike the SE vehicle - 
would not be intended for operation both on and off the guideway.  
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C4 LESSONS LEARNED FROM OTHER REGIONS 
 
C4.1 INTRODUCTION 

Case studies of the alternative evaluation process for other transit systems were 
reviewed for Phase II of the Durham to Chapel Hill US 15-501 corridor Major Investment 
Study (MIS).  This corridor is very similar to the NC 54/I-40 corridor.  The goal of this 
exercise was to evaluate how other cities and regions across the United States and 
Canada made similar initial decisions on a particular type of transit technology to use for 
their system.   
 
Systems that ultimately chose one of the technologies under consideration in Phase II of 
the MIS (and being considered for the NC 54/I-40 corridor) were evaluated.  The criteria 
for selecting particular cities and their respective transit systems were quite broad.  
Particular emphasis was made to select cities that: 
 

• Were implementing “new start” transit systems;  
• Had comparable urban characteristics;  
• Had reached their transit technology decision via a formal MIS process in the last 

few years; and 
• Contain a transit corridor resembling the corridor from Durham to Chapel Hill in 

terms of length, number of stations, ridership, and land use patterns (the NC 54/I-
40 corridor is similar to 15-501 corridor in all these characteristics). 

 
Transit systems that were an extension of a current system were also researched; 
however, the primary focus was to find cities that had recently arrived at a technology 
decision as a new start.   
 
It has proved difficult to get specific information on the processes used for evaluation of 
alternatives, particularly in a context that could be applicable to the Durham-Chapel Hill 
region.  Much of the justification for choosing a particular technology was not only unique 
to the city or region but the transit corridor under evaluation as well.  Furthermore, due to 
the scope and schedule of this element of the Phase II MIS, not much detailed 
information could be received from the sources in a timely enough manner.  This 
somewhat limited the amount of information that could be shared for this study’s 
purpose.  Information was considered and pursued from the peer regions, but was 
eventually excluded from the report for the reasons listed below: 
 

• The technology decision was perceived as relatively straightforward due to the 
characteristics of the corridor (i.e., DMU on an existing rail corridor; LRT 
extensions of same service). 
 

• The implementation or planning, and hence the technology decision was not 
made within the last five or ten years.  Therefore, it was assumed that there were 
enough differences in the state-of-the-art of transit planning then versus now that 
those experiences were not applicable to current decision-making in the Durham-
Chapel Hill region. 
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The peer systems are divided by their particular choice of transit technology – rail or bus.  
No other transit technologies such as monorail or Personal Rapid Transit (PRT) were 
chosen for study because few relevant, comparable examples exist.  The peer systems 
are further subdivided in the rail category by type of motive power, either electric or 
diesel multiple unit (DMU). In the bus category, the peer systems are further subdivided 
in each category by whether or not the transit technology is exclusive or mixed flow (in 
traffic) operation.  Maps for each of the systems discussed are included at the end of this 
appendix. 
 
C4.2 “REGIONAL RAIL” – DMU TECHNOLOGY 

San Diego, California-Oceanside-Escondido Line 

The North San Diego County Transit Development Board has secured all environmental 
clearances and right-of-way for a 24-mile rail line serving 15 stations between 
Oceanside and Escondido, CA.  DMU technology was selected over other transit 
concepts primarily due to a low ($11 million/mile) capital cost, as the rail corridor uses an 
existing railroad right-of-way.  Using diesel vehicles eliminates the need to develop an 
electric power system for the corridor.  Corridor termini include a major transit transfer 
station (with Coaster Commuter Rail System) in Oceanside and the north/south I-15 
freeway corridor in Escondido. 

 
Ottawa, Canada  - RMOC Light Rail Pilot Project 

For this pilot project, currently in operation in Ottawa, Ontario, a light rail transit line has 
been introduced on an existing rail corridor.  The City selected DMU technologies 
because “new diesel light rail vehicles have recently entered the market and provide a 
possible technology for introduction in Ottawa-Carlton without the high cost of 
electrification…” 
 
Ottawa currently has an established exclusive busway system, the Transitway, which 
has been established for many years and provides service along a broad east-west 
corridor in the metro area.  The diesel-powered rail system is seen as a complement to 
the Transitway, to provide broad overall coverage to the areas not directly served by the 
Transitway.  
 
Concerns about DMU technology focused on 1) the cars, and 2) whether not meeting 
North American standards is a safety issue.  Also, only one manufacturer currently 
produced North American-compliant vehicles, and these were of the “high floor” variety 
and produced loading/unloading problems.  Because of this (and other) reasons, the 
high floor DMU cars were ruled out and low floor models were chosen instead, although 
not North American-compliant.  The vehicles have time separation from freight traffic. 
 
The choice between rail and bus technologies received much public input.  Rail 
technologies were seen as “a smoother, faster” ride and buses did not provide the same 
level of comfort. Because of the use of existing rail alignments, it was also felt that rail 
was more cost-effective when compared to bus. 
 
C4.3 EXCLUSIVE BUSWAY 

 
Pittsburgh, Pennsylvania – West Busway 



NC 54/I-40 TRANSIT CORRIDOR FEASIBILITY STUDY 
 
 
 

  
 C-25 

The West Busway in Pittsburgh opened in September 2000, culminating a planning 
process that began in the late 1980’s.  Pittsburgh currently has both busway and LRT 
technologies in operation and both were studied for the West Busway Corridor.  This 
corridor features a mix of residential and commercial land uses, with some stations 
located in high-density neighborhood centers.  Other stations are located in lower-
density suburban areas that have development potential.  The results of that planning 
process showed the busway concept to be more flexible, as local bus routes could 
access the Busway and reconnect to the interstate freeways for express trips to the 
Pittsburgh airport.   This reduced the amount of transferring.  Fiscal limitations for an 
initial segment would allow a Busway connection from downtown to the interstate, but 
would seriously limit the length of any LRT line.  LRT had higher initial costs and was 
thought to be more effective for high-density corridors, which the West Busway corridor 
is not. 
 
Hartford/New Britain, Connecticut – New Britain-Hartford Busway 

The Connecticut Department of Transportation (ConnDOT) completed a Major 
Investment Study of the Hartford West (I-84) Corridor in 1997.  The principal 
transportation recommendation made by the study was to implement a 9-mile exclusive 
busway facility between the cities of Hartford and New Britain, CT.   The busway corridor 
will be contained within existing railroad right-of-way in two sections, one currently 
owned by Amtrak and the other in state-owned abandoned rail property.  Both local and 
express buses will use the facility, which is planned to have 12 stations.  Stations were 
coordinated with existing development centers, if possible.  Higher density residential 
and commercial development exists adjacent to proposed stations in both Hartford and 
New Haven.  There are some station locations between the towns in the vicinity of lower 
density suburban development which are candidates for more intensive nodal 
development. 
  
Evaluation between transit technologies in Hartford was accomplished by analyzing 
particular social, environmental and economic effects.  Social effects included elements 
such as land use, relocations, historic properties and environmental justice.  
Environmental effects that were analyzed included impacts on wetlands, fish and wildlife, 
flood plains, water supply, noise and air quality.  Finally, transit alternatives were 
compared for various economic effects such as user benefits and secondary economic 
impact. 
 
The busway was selected as a major component of the preferred alternative for this 
corridor because it offers the travelers the greatest speed, flexibility of service, and ease 
of intermodal interface as compared with other modal alternatives.  It also incurred lower 
initial capital and operating costs versus rail options.  Initial capital costs were estimated 
to be around $75 million for the busway alternative and $97 million for the light rail 
alternative assuming both used the existing abandoned rail corridor.  Transit 
technologies were analyzed against performance measures – both transit and highway – 
to determine ridership forecasts and degree of congestion reduction for each technology.  
The busway alternative generated the most ridership versus other transit technologies 
and performed the best, overall, in the performance categories.  For example, the 
busway alternative generated 11,600 peak hour total ridership versus a comparable light 
rail alternative’s 10,200.  Correspondingly, the proposed busway generated an estimated 
4,270 new riders versus 2,840 generated by the light rail alternative. 
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C4.4 BUSWAY RAPID TRANSIT (MIXED EXCLUSIVE/SHARED LANES) 

 
Cleveland, Ohio  – Euclid Corridor Bus Rapid Transit Line 

The Greater Cleveland Regional Transit Authority is developing a project that was 
planned to use electrically-powered trolley buses to serve a densely developed corridor 
in the process of being redeveloped.  Corridor termini are two major employment 
centers, Public Square and University Circle.  The buses will provide local service for the 
entire length of the 7-mile corridor, using bus stations at 1,500 to 2,500-foot intervals.   
 
Selection of this technology was fostered politically by Cleveland business leaders, 
although BRT versus LRT was looked at in a MIS in the early 1990’s. The Euclid 
Corridor is to be completely redeveloped into a retail/residential district.  Currently, the 
corridor features some of the highest-density areas in the Cleveland area.  Much of it 
could be viewed as a “brownfield” redevelopment area that will use the electric trolley 
buses and associated stations as prime redevelopment nodes.  Cleveland leaders 
wanted clean, quiet transit vehicles for this district.  The Authority looked at diesel bus 
(judged not to be clean), or compressed natural gas (CNG) bus (not as quiet as electric) 
before settling on the trolley concept.  
 
The trolley bus system is unique in the United States, proving to be approximately one-
third the estimated cost of light rail.  The fixed route nature of this system, though 
operating in street lanes for some of the corridor, simulates operating characteristics 
more akin to LRT operation versus BRT in mixed traffic flow.  However, more recently a 
decision was made to use hybrid diesel/electric rather than electrically-powered trolley 
buses to reduce costs.  
 
Eugene, Oregon – East-West Rapid Transit Corridor 

The Lane County Transit District is conducting final planning studies of a BRT system 
that will emulate rail-based systems using exclusive and mixed-flow busway 
technologies.   This system will use guided busway technology for some portions of the 
East-West corridor and implement other BRT-type improvements such as ITS signal 
priority, improved bus stations, and barrier-free payment (i.e., automatic vehicle 
identification (AVI)) systems.  A four-mile pilot corridor will be initially tested – with 
expansion to reach a total 10-mile corridor length.  Land uses in the corridor vary from 
high-density development in the Eugene and Springfield Central Business Districts 
(CBDs) and the University of Oregon Campus to lower density residential suburban 
environments.  No fixed station locations have been set as yet, but potential for new 
“greenfield” development exists in the suburban areas and higher density redevelopment 
in the CBDs. 
 
Exclusive, guided busway technology was selected based on its lower costs versus rail 
systems and the fact that it could maintain the “appearance”, permanence, and 
operational capabilities of rail systems.  In addition, it would have more flexibility than rail 
systems, particularly from a phased implementation standpoint.  Based on conversations 
with the Lane County Transit director, all technologies were studied in a MIS completed 
in the mid-1990s, but this was done primarily to keep other transit options open.  Results 
from an earlier Urban Rail Feasibility Study indicated that LRT ridership levels, 
irrespective of technology, would only be 10,100 per day, using a high-end estimate.  
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This level of ridership was felt to be too low to be competitive for FTA funding for a new 
rail system and that they would need a ridership estimate of at least 20,000 to make a 
feasible submittal for federal funding.  BRT could be implemented for a lower cost now 
(4-10% of a new LRT alignment over the 10-mile corridor) and LRT could be developed 
in the BRT corridor in the future, if funding becomes available. 
 
C4.5 LIGHT RAIL TRANSIT 

 
Austin, Texas 

Cap Metro, the Austin area transit agency, has reached the final planning phase for a 
light rail system.  The first segment of this system would have 16 stations over a 15.6 
mile Red/Green Line route.  An MIS was conducted to decide on a transit technology on 
this corridor, and the evaluation factors for transit alternatives included; service capacity, 
right-of-way issues, economic development potential, costs (capital and operating), and 
safety.   Electrified LRT was the preferred technology due to its capacity.  It was 
provided for the north side of the city, which already had available rail right-of-way, with 
ample physical separation from existing rail traffic.   The LRT alignment selected in the 
MIS had projected benefits of $892 million over its 30-year project life and a life cycle 
cost of $764 million, thus indicating significant positive net benefits.  Initially, BRT 
alternatives were developed for the south side of the city, but residents demanded an 
extension of LRT, though it would have higher construction costs ($200 million to $50 
million for BRT) in this area.  LRT was also favored in terms of economic development, 
since industry leaders and developers liked the permanence” of tracks and the 
corresponding rail stations. 
 
However, a deciding public referendum vote for local funding, failed in 2000.  There is 
continued planning and support for the light rail, and the next opportunity for a 
referendum is 2004.  
 
Cincinnati, Ohio – I-71 Corridor 

Cincinnati is in the final planning stages of a LRT system that will complement the I-71 
highway corridor from the north and south suburbs through the CBD.  The corridor could 
have up to 30 stations.  A MIS was completed in March 1998 and an electrified LRT 
alternative was selected from busway and HOV/highway improvement alternatives.  
Public survey input into the decision-making process indicated that light rail was the 
preferred alternative (33%), over busway (14%), HOV (12%), TSM (11%), and highway 
widening (7%), with 20% of respondents indicating no preference as to improvement 
type or mode.   
 
The busway alternative had more potential and definite impacts on the physical 
environment than LRT.  Increased noise levels was major busway concern.  In addition, 
the busway alternative had the potential for more business (up to 80 more) and 
residential (up to more 30 more) displacements than LRT.  LRT capital costs ($1.158 
billion) were almost 40% higher than busway ($835 million).  Operating costs were 
similar ($110 million/year).  LRT also outperformed busway in air quality measures – 
hydrocarbons, CO, and NOx.   
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Annual benefits of LRT transit service and associated secondary positive impacts (jobs, 
development, etc.) were estimated to be $84 million over a 30-year project life.  No 
mention was found concerning a choice between diesel-powered and electric rail as 
separate alternatives in this MIS study. 

 
Louisville, Kentucky 

Louisville, KY has a planned light rail system project, termed Transportation Tomorrow 
(T2), that is currently in Phase 3, Preliminary Engineering.  This phase is projected to 
take about two years and will produce detailed data on cost of construction and 
ridership.  The Final Environmental Impact Statement (FEIS) is scheduled to be 
complete in November 2002.  The previous phase included a MIS that compared transit 
technology alternatives for a 13-mile corridor connecting the CBD and the Gene Snyder 
Freeway (urban loop) to the south.  Both LRT and BRT technologies were compared on 
a segmented basis.  Primary evaluation criteria included traffic impacts, environmental 
impacts, operations, ridership, development potential and costs.  Summary scores were 
compiled for each segment (judging between 1.0 – poor and 4.0 – excellent for each 
criteria). Interestingly, for all segments, the matrix scores were usually identical for 
traffic, operations and ridership for both LRT and Busway alternatives.  Busway 
consistently had lower relative scores for environmental impacts and development 
potential compared to the LRT alternative.  The LRT alternative consistently had lower 
relative scores in terms of cost. 
 
Overall, light rail proved to be more advantageous than a BRT because it was 
determined light rail would: 
 

• Be quieter and cleaner 
• Attract new riders 
• Project a progressive image for the metropolitan area  
• Foster economic development. 

 
C4.6 CASE STUDY SUMMARY AND RECOMMENDATIONS 

In summary, the case studies provided unique insights on why particular transit 
technologies were selected for areas that had common transportation problems but 
unique characteristics, whether political, social, geographic, or institutional, that favored 
one type of technology over another.  Public and political undercurrents were a major 
factor, particularly in areas where a particular transit technology, bus or rail, had 
succeeded or failed in the past.  The presence of available existing rail lines also has 
influenced the processes to a great degree.  Busways are generally viewed as lower-
cost, flexible solutions that could be “upgraded’ to light rail in the future.  Busway 
technology, though, is still being viewed as “rail-like”, with all the supposed rail 
advantages, for the cities that have made that choice. 
 
To make more concrete and in-depth comparisons between the regions researched in 
this report and Triangle region corridors, enhanced focus on a few “select” case studies 
is recommended.  Based on available information, the following systems were 
determined to merit further study to yield more comprehensive decision-making 
information for the 15-501 corridor: 
 

• BRT– Eugene, OR (Lane Transit District) 
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• Busway – Hartford, CT (New Britain-Hartford Busway) 
• Rail Transit LRT – Louisville, KY (T2 – Transportation Tomorrow) 

 
 
  



Table C4-1
Summary of Peer Transit System Characteristics

Location Corridor/System
Name

In
Operation

Capital
 Cost

# of 
Stations

Estimated Daily
Ridership (Year)

Headway
(minutes)

Corridor
Length

Avg
Speed

Corridor Land Use/Reason for
Technology Choice

Light Rail – DMU
Ottawa Light Rail Pilot

Project
2001 $11,000,000-

$24,000,000
5 6,400 (2001) 15 8 km

(5 miles)
25 mph Transitway Station near CBD to

Suburbs/existing railroad right-of-
way, more cost effective than bus

San Diego Oceanside-
Escondido Line

2005 $253,000,000 15 11,400 (2005)
15,200 (2020)

30 24 miles 50 mph
(max)

Oceanside Commuter Rail Center to
inland suburbs and I-15
corridor/existing railroad right-of-
way, more cost effective

Raleigh-
Durham

TTA Phase I
Regional Rail

2007 $718,000,000 16 30,000 (2025) 10 – 20
peak

35 miles 31 mph Raleigh CBD to RTP to Durham
CBD/existing railroad right-of-way,
more cost effective

Light Rail – Electric
Austin, TX Red/Green Line

(MOS)
N/A   $642,700,000 16 32,100 (2007) 10 peak

20 off peak
14.6
miles

N/A CBD to North Suburb- major
development corridor (Airport & U. of
Texas) /existing railroad right-of-way
with enough physical separation,
higher economic development
potential 

Cincinnati I-71 Corridor LRT 2004 $1,158,000,000 30 22,000
 (date N/A)

10 peak
20 other

40 miles 25-30
mph

South Suburbs to CBD to North
Suburbs/lower costs and impacts

Louisville Transportation
Tomorrow (T2)

2007 $551,000,000 20 19,800 (2007) N/A 13 miles N/A CBD to Outer Loop Freeway –
Corridor has major employment
attractions for region/lower impacts,
more ridership, higher economic
development potential

Exclusive Busway
Pittsburgh West Busway 2000 $326,000,000 6 7,000 (2000)

initial
10 5 miles 30 mph CBD to West Suburbs & Express

Bus to Airport/more flexible, cost
effective for less dense corridor

Hartford,
CT

New Britain /
Hartford Busway

2003 $82,000,000 12 8,820 (2020) N/A 9 miles 25-35
mph

Hartford CBD (Transit Center) to
New Britain CBD/ more flexible, cost
effective than rail

Busway Rapid Transit (BRT) – with Mixed Flow Segments
Cleveland Euclid Corridor

Rapid Transit
Line

2006 $292,000,000     1500-2500’
intervals

N/A 5 peak
15 evening

7+ miles N/A CBD Employment Center to Suburb
Employment Center – Major
Corridor Redevelopment project /
cleaner and quieter, close station
locations 

Eugene,
OR

East-West Rapid
Transit Corridor

2002 $50,000,000 Varies N/A 10 days
20 evening

10 miles N/A Suburb to CBD to Suburb – Corridor
not fixed yet/lower cost, more
flexibility for implementation

N/A = Information was not available or had not been determined as of 10/2000



Route Map and Station Locations

Figure C4-1: SAN DIEGO - Oceanside-Escondido Line



Route Map and Station Locations

Figure C4-2:  RALEIGH-DURHAM - TTA Phase I Regional Rail Line



Route Map and Station Locations

Figure C4-3:  OTTAWA - Light Rail Pilot Project (LRPP)



Route Map and Station Locations

Figure C4-4:  PITTSBURGH - Port Authority West Busway



Route Map and Station Locations

Figure C4-5:  HARTFORD, CT - New Britain/Hartford Busway



Route Map and Station Locations

Figure C4-6:  CLEVELAND - Euclid Corridor Rapid Transit Line



Route Map and Station Locations

Figure C4-7:  EUGENE, OR - East-West Rapid Transit Corridor



Route Map and Station Locations

Figure C4-8:  AUSTIN, TX - Red/Green Light Rail Line



Route Map and Station Locations

Figure C4-9:  CINCINNATI - I-71 Corridor Light Rail Project



Route Map and Station Locations

Figure C4-10:  LOUISVILLE, KY - T2 Proposed Light Rail Line
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