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IMPLEMENTATION RECOMMENDATIONS 

This project was intended to enhance the System Planning Methodology (SPM) that was developed 

by the Texas Department ofTransportation (Tx.DOT), North Central Texas Council of Governments 

(NCTCOG), Dallas Area Rapid Transit (DART), and Texas Transportation Institute (TTI) as a 

transportation corridor and system analysis tool that would bridge the gap between regional planning 

and detailed corridor design. Limited funding for transportation improvements make it more 

important than ever that the facilities recommended for implementation move the most people for the 

lowest overall cost. The results of this project should be implemented in the following ways: 

1. Nonrecurrent congestion resulting from incidents on the roadway do not affect the type of 

facility that should be constructed in any given corridor. However, the method employed to 

estimate nonrecurrent congestion in this study indicates that its effect on traffic flow may be 

even greater than previously thought. This indicates that continued emphasis should be 

placed on the deployment of effective incident management programs in congested areas. 

The revised System Planning Methodology can be used to help estimate these effects in 

support of these programs. 

2. The best alternatives in high demand corridors will generally include general purpose lanes 

in combination with high occupancy vehicle (HOV) or high occupancy vehicle/toll (HOT) 

lanes. Feasibility studies for major corridors in Texas should include a comprehensive 

examination of HOV and HOT lane alternatives. 

3. The System Planning Methodology is an effective tool for examining many different corridor 

alternatives with limited data. It should be utilized in major investment studies and corridor 

studies to assist in the quick assessment of many different alternatives. 

This report should be distributed to TxDOT districts and :MPOs in urban areas to maximize its 

effectiveness. 
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DISCLAIMER 

The contents of this report reflect the views of the authors who are responsible for the opinions, 

findings, and conclusions presented herein. The contents do not necessarily reflect the official views 

of the Texas Department of Transportation (TxDOT). This report does not constitute a standard, 

specification, or regulation, nor is it intended for construction, bidding, or permit purposes. The 

engineer in charge was Carol H. Walters, P.E. #51154. 
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SUMMARY 

The System Planning Methodology was developed jointly by the Texas Department of Transportation 

(TxDOT), North Central Texas Council of Governments (NCTCOG}, Dallas Area Rapid Transit 

(DART), and Texas Transportation Institute (TTI) as a transportation corridor and system analysis 

tool that would bridge the gap between regional planning and detailed corridor design. It allows for 

the examination of peak hour person movement for different facility types within a corridor and 

estimates associated public costs (e.g., right-of-way, construction, operation, congestion, and 

environmental costs). The objective of the methodology is to find the lowest total public cost 

alternative. 

This project was intended to enhance the System Planning Methodology by addressing two primary 

objectives: (I) modify the approach used to estimate costs associated with traffic incidents 

(nonrecurrent congestion) and test the results on five corridors in the Dallas area to determine if it 

alters the recommended alternative previously identified for each corridor; and (2), add toll lanes and 

high occupancy/toll lanes {HOT) as alternatives that can be evaluated against other combinations of 

general purpose lanes, high occupancy vehicle {HOV) lanes, and express lanes. 

The results of this project confumed previous work that low and moderate demand facilities are best 

served by improving general purpose lanes in the corridor and, in some cases, adding express lanes. 

It was thought that the introduction of nonrecurrent costs might cause the addition of general purpose 

lanes to become the preferred alternative for high demand corridors, but results from the test 

corridors showed that HOV lanes continue to be part of the best solution. Nonrecurrent congestion 

did not have a significant impact on the determination of the best alternative. 

The evaluation of toll lanes in the test corridors showed that congested corridors with all toll lane or 

general purpose/toll lane combinations did not perform as well as alternatives that included a 

combination of general purpose and HOV lanes based on the lowest total public cost criteria. 
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However, alternatives that combined general purpose lanes with HOT lanes tended to perform as well 

as and slightly better, in some cases, than HOV lanes. 

In general, the System Planning Methodology suggests that any lanes added to an existing, high 

demand facility should be either HOT or HOV lanes. This recommendation must be tempered by the 

fact that HOT lanes represent a new approach to serving travel demand, and there are many public 

policy, implementation, and operations issues that need to be examined before HOT lanes can be 

given an unqualified endorsement. 

The best application of the System Planning Methodology will be in major investment studies and 

corridor studies because it (I) allows sufficient time to develop input data to a greater level of detail 

and to test the sensitivity of the model to variations in the inputs, (2) matches the level of detail 

commonly found in these studies, and (3) can then be used as an input into the regional transportation 

planning process that must be updated every three years. 
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I. INTRODUCTION 

DESCRIPTION OF THE SYSTEM PLANNING METHODOLOGY 

The System Planning Methodology (SPM) was developed jointly by the Texas Department of 

Transportation (TxDOT), North Central Texas Council of Governments (NCTCOG), Dallas Area 

Rapid Transit (DART), and Texas Transportation Institute (TTI) to provide a transportation analysis 

tool that would help bridge the gap between regional mobility planning and detailed corridor analysis 

(1). Since the transportation plans developed by different agencies tend to reflect the initial 

assumptions and priorities of those agencies, there was also a need to develop a tool that would help 

to provide system compatibility as the planned projects moved towards implementation. In other 

words, it was the intent of the SPM to ensure that the various elements of the transportation system 

worked together so that the capacity available in each segment could be utilized to its maximum. 

In order to achieve these basic objectives, the SPM was developed as an iterative approach that 

evaluates alternatives for each corridor, then looks at how the best alternatives in each corridor fit 

together to form a system. 

Corridor Analysis 

The "corridor analysis" begins with the collection of required data input items, including travel data 

(existing and design year daily volumes for freeways, HOV lanes, bus systems, and transit systems; 

percent of daily traffic in the peak hour, peak hour directional splits, and peak hour truck 

percentages), roadway data (existing lanes, right-of-way limits, roadway structures, and buildings 

adjacent to the corridor), and information on planned projects in the region. These data are input into 

the SPM spreadsheets to evaluate a variety of cross section alternatives for a corridor. Cross sections 

can include a mix of facility types, such as general purpose lanes, high occupancy vehicle (HOV) 
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lanes, and express lanes. Given a particular volume of peak hour person trips, the spreadsheets 

detennine the critical lane volumes for each facility type based on known relationships and capacity 

constraints which recognize that people will change their travel behavior when given the opportunity 

to avoid congestion. Finally, a total net present cost is calculated to rank the performance of the 

various alternatives in the corridor. The original System Plan considered capital (rehabilitation, 

construction, and right-of-way), operating and maintenance, and congestion delay as costs. 

Subsequent refinements to the methodology have added other costs (e.g., environmental and 

congestion :from incidents) into the evaluation. The alternative with the lowest total net present cost 

is considered to be the "best" alternative for that corridor and is used as the initial input into the 

system analysis. 

System Analysis 

The "system" analysis looks at the results of the corridor analysis to determine if the "best" 

alternatives for each corridor will operate efficiently as a transportation system. If there are lane 

balance or continuity problems between adjoining or intersecting corridors, then lower ranking 

alternatives for a particular corridor may be considered to ensure system compatibility. 

The original SPM was developed in conjunction with the NCTCOG Mobility 2010 Plan Update in 

1992 and was used as one of the inputs in the decision making process for that study. Refinements 

to the methodology were subsequently undertaken as a part of two research studies (2,3). These 

studies modified the spreadsheets to include additional HOV data and extended the public cost model 

to include environmental costs (fuel consumption, air quality, noise, and visual impacts), congestion 

delay costs associated with incidents (nonrecurrent congestion), and costs associated with commercial 

vehicles. 
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PURPOSE OF THIS RESEARCH 

Reexamination of Nonrecurrent Congestion Effects 

One of the most important findings of the original System Planning study was that the best 

alternatives for congested corridors tended to include the addition of HOV lanes and a limitation on 

the number of general purpose lanes so that they experience peak hour congestion. In other words, 

the lowest total public cost alternative involved a tradeoff of reducing capital costs and accepting 

increased congestion (delay) costs on the general purpose lanes in order to encourage increased HOV 

formation. However, the public cost model in the original SPM did not include "nonrecurrent" 

congestion costs, and since the number of incidents rises with the level of congestion and 

nonrecurrent delay from incidents accounts for at least as much delay as recurrent congestion, there 

was some concern that the inclusion of nonrecurrent delay costs might lead to different conclusions. 

SPR Project 1451, completed in 1995, included the first effort to incorporate the cost effects of 

"nonrecurrent" congestion into the SPM. An application of the revised methodology to evaluate a 

section of LBJ Freeway (IH635) east of Central Expressway (US 75) as part of its Major Investment 

Study (MIS) revealed that the current approach would generate little or no nonrecurrent costs when 

analyzing a freeway with high congestion levels. Subsequent tests also showed that recurrent 

congestion costs were inflated for longer roadway sections. 

This research will address these issues and test the revised model using data from the original System 

Plan to determine if the inclusion of nonrecurrent congestion costs significantly changes the 

recommended alternatives. 

Incorporation of Toll Road Effects 

Under the 1991 Intermodal Swface Transportation Efficiency Act (!STEA), NCTCOG was charged 

with developing a capital-constrained, long- range transportation plan for the Dallas/Ft. Worth region 
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based on the levels of funding expected to be available. In response to a substantial revenue shortfall 

for transportation projects, the local MPO adopted a requirement that toll roads be considered in 

addition to tax-financed roads throughout the region. This could make a substantial difference in 

the conclusions regarding peak hour person movement. 

In addition, the MIS for LBJ Freeway in Dallas was recently completed that recommended a portion 

of the reconstructed freeway include eight general purpose lanes and six high occupancy /toll (HOT) 

lanes. The combination of toll lanes and preferential treatment for high occupancy vehicles is a new 

option that was implemented on California's SR 91 in 1996 and is being considered for several other 

facilities around the country. 

Previous work on the SPM did not allow for toll lanes to be explicitly evaluated as part of the 

methodology. It has been recommended that toll lanes be handled in a similar manner to rail transit, 

i.e., estimate the demand for the toll lanes outside of the SPM spreadsheet and remove it from the 

corridor demands being served by the freeway. Provided that the final plan derived from the system 

planning methodology is similar to the assumed system that generated the toll demand, the results 

should be considered valid. 

This research responds to the renewed focus on toll lanes and their potential to be coupled with HOV 

lanes by extending the SPM spreadsheets to explicitly include toll lanes as an option when 

considering cross section alternatives in a corridor. The revised methodology will be applied in five 

corridors using data from the NCTCOG Mobility 2020 planning process to compare results with the 

recommendations that came out of the traditional planning process. 

Spreadsheet Revisions to Improve Functionality and Updated User Manual 

As the SPM is expanded to include alternative options and costs, there are opportunities to revise 

the structure of the spreadsheet to make it more efficient and user friendly. These changes will be 

documented in this report and an updated user manual provided in an appendix. 
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II. REVIEW OF PREVIOUS WORK 

ORIGINAL SYSTEM PLANNING METHODOLOGY AND REVISIONS 

The System Planning Methodology has been developed and enhanced as a part of three previous 

research projects conducted between 1989 and 1996. The original SPM was jointly developed by 

TxDOT, NCTCOG, DART, and TTI to help bridge the gap between the planning level work being 

done at a regional level and the detailed corridor designs being prepared by the Dallas District of 

TxDOT. It was initially applied in Dallas to assist the NCTCOG in preparation of their Mobility 2010 

Update for the Dallas/Ft. Worth region. This effort established the basic framework for the 

methodology which has not changed significantly with subsequent enhancements. Some key elements 

of the SPM approach are summarized below (J): 

• The SPM utilized peak hour person movement as the primary unit of analysis because 

different transportation modes are more or less efficient at moving people. The number of 

persons forecast to be traveling in a particular corridor was held constant; then, different 

facility alternatives for the corridor were analyzed to see how they performed. 

• The facility types that were explicitly evaluated in the SPM were general purpose, HOV, and 

express lanes. 

• The HOV relationships used to predict the amount of carpool formation relative to the level 

of congestion in adjacent general purpose lanes were based on data from Houston HOV lanes. 

• The "least total public cost" approach was adopted as the primary measure to determine the 

best alternative for each corridor. Initially, costs included right-of-way, construction, 

operation, and recurrent congestion delay. 
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• After analyzing corridors individually, the "best" alternatives were evaluated relative to other 

intersecting corridors to ensure that the pieces worked together as a system. 

• The most significant finding was that in high demand corridors, the lowest cost alternative 

would generally be a combination of general purpose lanes, operating with some congestion, 

and HOV lanes providing a travel time advantage for persons willing to shift to carpools or 

transit to avoid congestion costs. 

Incorporating Intermodalism into Freeway System Planning 

This project was sponsored by the Southwest Region University Transportation Center (Project 

#465030) and was intended to enhance the SPM by improving the estimation of HOV ridership and 

delay associated with congestion, and by accounting for some additional costs in the "total public 

cost" calculation. The report's :findings can be summarized as follows (3): 

• This project sought to advance the HOV ridership relationship by analyzing data from HOV 

systems in operation across the country. However, it was determined that variations in data 

collected and differences in project/urban area characteristics were substantial enough that 

it would be best to utilize data from Texas projects to predict ridership. 

• The method to estimate delay due to recurrent congestion from the original SPM was 

reviewed and changed to better reflect real freeway lane capacity and flow conditions. A 

linear relationship of volume to delay and speed was approximated to improve the congestion 

cost methodology. The relationship between freeway speed and alternate route speed in the 

original method was found to be sound after an evaluation of additional travel data and was 

not altered. 

• Additional costs considered in this project included energy, emissions, and congestion costs 

for commercial vehicles. Fuel consumption rates were derived using the ARFCOM computer 
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program, and emission rates were obtained from the MOBILE5a model. The amount of fuel 

consumption or emissions was estimated using an average speed methodology that takes the 

daily travel in a given corridor and multiplies it by the applicable rate based on the average 

speed in that corridor. This approach resulted in good estimates for fuel consumption, but 

emission estimates were not included in the revised methodology because of inaccuracies in 

the MOBIL5a estimates that are the subject of other current research projects. The cost 

estimate per hour for trucks was obtained from the American Trucking Association and was 

used to estimate the annual cost of congestion for commercial vehicles. 

MultimodaJ System Planning Technique - An Analytical Approach to Peak Period Operation 

TxDOT sponsored the last project undertaken to expand on the SPM (Project #1451), and it was 

designed to organize information about the methodology so that it could be used as an analysis tool 

by planners and engineers to examine transportation corridors anywhere in Texas (2). The most 

significant addition to the methodology in this project was the inclusion of "nonrecurrent congestion," 

or congestion caused by incidents in the estimation of total public cost. The next section describes 

the approach that was developed to estimate nonrecurrent congestion. 

NONRECURRENT CONGESTION 

Nonrecurrent congestion is generally understood to be a result of incidents that cause a reduction of 

roadway capacity. Because incidents have a wide variation in the impact on a :freeway, it was 

necessary to determine the impact on the :freeway of a "typical" incident. The percent reduction in 

:freeway capacity from a typical incident was estimated using data found in the literature ( 4) as well 

as data obtained :from Motorist Assistance Patrols in the Dallas area. The percent reduction in 

:freeway capacity from a typical incident is shown in Table 1. 
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Table 1. Percent Capacity Remaining During 

an Average Freeway Incident 

Number of Lanes 

in Each Direction 
Percent Remaining Capacity 

2 75% 

3 82% 

4 85% 

5 87% 

6 89% 

The frequency of incidents was estimated using data observed in the Dallas area, which resulted in 

a rule-of-thumb value of about one incident per 40,000 vehicle kilometers (25,000 vehicle miles). 

However, the frequency of incidents appears significantly higher where recurrent congestion occurs. 

In Dallas, the available data suggested that in heavy congestion, the number of normal incidents is one 

per 24,000 vehicle kilometers (15,000 vehicle miles). 

Figure 1 is a graphical depiction of the potential relationship between incident frequency and recurrent 

congestion. On freeways, any speed below 64 kph (40 mph) indicates the presence of congestion. 

If a linear relationship is positioned between speeds below 64 kph ( 40 mph) and an increasing 

frequency of incidents, up to a maximum value of one per 24,000 vehicle kilometers (15,000 vehicle 

miles) at speeds of 16 kph (IO mph), then the expected frequency ofincidents for a given speed could 

be taken from this graph and used with the above estimates of capacity reductions for the average 

incident, based upon the number of freeway lanes. 

Since the SPM refined in the 1451 project may, in some cases, create justification for increased 

congestion under the lowest-public-cost criteria, it was important to attempt some assessment of the 

full impacts of congestion, including an increased frequency of incidents. This study utilized the 
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rough, but defensible, methodology described above to estimate the cost impacts of increasing 

incidents due to congestion. Costs were limited to increased delay. Although the costs of incidents 

themselves, to those involved and to the public agencies responsible for their clearance, could be 

significant, their inclusion would have required more extensive research on the types of incidents 

which increase in congestion situations and a more reliable basis for incident frequency estimates. 

This level of detail was considered beyond the scope of the System Planning Methodology . 

TOLL LANES 
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Figure 1. Incident Frequency on Freeways 

96 

Researchers conducted a literature review to find methods of establishing a relationship between toll 

road usage and freeway congestion. A keyword search using WinSPIRS 2. 0 was made of the 
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Transport database. The Transport database is made up of entries from the Transportation Research 

Board as well as several other transportation libraries. Though the search did not identify a source 

of information that has established a relationship between freeway congestion and toll road usage, 

there is an increasing body of literature reporting on congestion pricing issues and the development 

of HOT lanes. 

Many of the reports focused on the SR91 Express Lanes east of Los Angeles in Orange County, 

California, as well as some of the other demonstrations of congestion pricing or HOT lanes that are 

now underway or being developed (5). The SR91 Express Lanes are four dedicated lanes -- two in 

each direction -- in the median of the SR91 freeway. The free lanes and the dedicated lanes are 

separated by a buffer and pylons. The dedicated lanes are restricted to HOVs with three or more 

passengers traveling free or other passenger vehicles if they pay a toll ranging from $0.50 during the 

off peak to $2.75 during the peak period. The only other HOT lane project that has been 

implemented to date is the IHIS congestion pricing project in San Diego, California. Ill15 is an 

eight-lane freeway with a two-lane, reversible HOV lane operating during the morning and evening 

peak hours in its median. The HOV lanes are separated by barriers from the mainlanes, and access 

to the lanes is available only at the two endpoints of the facility. The first phase of this project has 

opened these lanes to SOV s, provided that they have purchased one of the limited number of monthly 

passes. The next phase of the project, scheduled for early 1998, will automate toll collection for the 

lanes (6). 

The level of interest in HOT lanes as a facility type that can be used to encourage higher occupancies 

and generate revenue to help pay for transportation improvements is growing. There are currently 

two projects in Texas that incorporate the HOT lane concept. The first is a project on the Katy HOV 

lane in Houston that currently operates as a three person HOV facility. This project will permit a 

limited number of two person carpools to pay a toll to access the HOV lane (7). The other HOT lane 

project is being undertaken by TxDOT as a part of their work to redesign LBJ Freeway (IH63 5) in 

North Dallas. The approved MIS recommends the addition of six HOT lanes between Stemmons 

(IH35E) and Central Expressway (US 75), while maintaining eight general purpose lanes (8). 
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Discussions with representatives from the Texas Turnpike Authority (TT A) and NCTCOG indicated 

that much of the travel forecasting work that has been done for toll roads has been conducted by 

private consulting firms to establish financial feasibility, and that their analysis procedures are 

considered proprietary. The NCTCOG includes toll roads in their travel demand forecasting model 

by assigning an impedance in the roadway assignment model that reflects the cost of the toll (9). This 

was referred to as the "generalized cost equation" and was determined to be the best available 

approach for incorporating toll lanes into the SPM because it would provide a direct relationship 

between the congestion delay experienced on general purpose lanes and the cost of using a toll lane. 

The implementation of this approach will be discussed in greater detail later in this report. 
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III. IMPROVEMENTS TO THE METHODOLOGY 

NONRECURRENT CONGESTION EFFECTS 

Application of the methodology indicated that the system effects ofnonrecurrent congestion were 

not being fully included when a corridor was already congested as result of recurrent congestion. The 

primary problem of the initial method for estimating the additional delay due to nonrecurrent 

congestion is the assumption that the lowest acceptable speed for traffic on freeways was 24 kph (15 

mph). This was based on a delay of 1.9 minutes a km (3 minutes a mile) over a free flow speed of 

97 kph ( 60 mph). For recurrent congestion, this assumption remains valid since it basically assumes 

that traffic will shift to a different start time or divert to alternative routes when delay reaches 1. 9 

minutes a km (3 minutes a mile). However, since incidents are unpredictable, it must be assumed that 

vehicles will not have the opportunity to shift or divert from congestion resulting from an incident. 

In other words, due to incidents, minimum speeds must be assumed to be lower than 24 kph (15 

mph). 

By using the assumed minimum speed of24 kph (15 mph), no additional nonrecurrent delay costs 

were estimated in sections where the estimated speed was already 24 kph (15 mph) due to recurrent 

congestion. The problem was only realized in sections with extreme congestion where demand 

greatly exceeds capacity (demand greater than 2400 vphpl). Since no sections with excessive 

demands were reviewed when nonrecurrent congestion was first added to the methodology, this 

problem was not recognized. 

The System Plan method, as presented in the 1451 report, was used to analyze several alternatives 

for the Eastside of LBJ from USSO to US75 Central Expressway as part of the LBJ MIS process. 

The alternatives analyz.ed ranged from a no action alternative to an alternative with 10 mainlanes and 

four HOV lanes. One of the primary premises of the SPM is that each alternative for a corridor 

moves the same number of person trips, which means alternatives with fewer lanes will have greater 

demands per lane. This premise is essential for comparing corridor alternatives. Basically, the results 
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of the initial method showed that alternatives with a high recurrent congestion cost, such as the no 

action alternative, had little or no nonrecurrent congestion cost, which appeared illogical when 

compared to other alternatives. 

Listed below are the steps used to calculate the nonrecurrent congestion cost in the SPM as included 

in the 1451 report (2): 

A. Using Figure 1 and calculated speeds per section, determine vehicle-distance per incident. 

B. Determine vehicle-distance per hour for sections under analysis. 

C. Divide B by A to determine number ofincidents per hour. 

D. Obtain percent of remaining freeway capacity from Table 1 based on number of lanes. 

E. Multiply D x 2200 vphpl to reach a per lane adjusted capacity value per incident. 

F. Utilize E to arrive at adjusted speeds using the volume to speed relationship. 

G. Check Figure 1 to determine whether adjusted speed (G) alters the incident frequency, and iterate 

(repeat steps Band C if needed). 

H. Calculate delay per incident. 

I. Multiply the delay per incident (I) and the number of incidents per hour (C) to arrive at the delay 

per hour. 

An example of the initial method is worked out below. In the example, average incident delay per 

vehicle resulted in a change from 72 kph (45 mph) to 24 kph (15 mph) per vehicle for the 2.0 

kilometer (1.2 mile) section. This is equivalent to a loss of3.2 minutes per vehicle on a typical day 

in the peak hour. 

Example: 3 lanes, 2.0 km (1.2 miles) long, demand of2200 vphpl in the critical section. 

A. The volume to speed relationship gives a speed= 72 kph (45 mph) and, from Figure 1, 40,000 

veh-km (25,000 veh-miles) per incident. 
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B. 2200 vphpl x 3 lanes x 2.0 km (1.2 miles)= 13,200 veh-km (7,920 veh-miles) in the peak hour. 

C. 13,200 veh-km (7,920 veh-miles)/40,000 veh-km (25,000 veh-miles) per incident = 0.32 

incidents per peak hour. 

D. From Table l, 82% capacity remaining per incident for a three-lane section. 

E. 82% x 2200 vphpl = 1804 vphpl adjusted capacity. 

F. 2200 vphpl demand/1804 vphpl capacity= 1.22 v/c, 1.22 > 2400/2200 or 1.09 failure. Freeway 

speeds will drop to 24 kph (15 mph). 

G. Checking Figure 1 gives an adjusted incident frequency of26,900 veh-km (16,700 veh-miles) 

per incident - iterate - repeat steps Band C. 

B. 1804 x 3 lanes x 2.0 km (1.2 miles)= 10,824 veh-km (6,494 veh-miles). 

C. 10,824/26,900 = 0.40 incidents per peak hour on the freeway at 24 kph (15 mph). 

H. 24 kph (15 mph) should be used to calculate the delay per incident. This will add an average of 

352 vehicle hours of nonrecurrent delay per incident over the 2.0 km (1.2 mile) section. 

I. 352 vehicle hours per incident multiplied by 0.40 incidents per hour equals 141 vehicle hours 

of delay per hour. 

In step F of the initial method, for any alternative that has an adjusted volume to capacity ratio 

greaterthan 1.09, the speed will drop to 24 kph (15 mph). If the initial demand is 2400 vphpl, the 

volume to speed relationship gives an initial speed of 24 kph (15 mph). The problem of not having 

any nonrecurrentcongestionin this situation is readily apparent since there is no change in speed due 

to incidents - the speed remains at 24 kph (15 mph). The improved method simply establishes a 

linear relationship for speeds from 24 kph (15 mph) to 8 kph (5 mph), based on the demand to 

reduced capacity ratio. The lowest reduced capacity for '"typical" incidents occurs for an incident 

in a two lane section at 1650 vphpl. The maximum demand is 2400 vphpl, so the theoretical 

maximum demand to capacity ratio where speed is 8 kph (5 mph) is 2400/1650 = 1.45. The 

additional linear relationship included in step F significantly changes the end result for demand to 

capacity ratios greater than 1.09. 
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The example from above is shown below for the improved method: 

A. The volume to speed relationship gives a speed= 72 kph (45 mph) and, from Figure l, 40,000 

veh-km (25,000 veh-miles) per incident. 

B. 2200 vphpl x 3 lanes x 2.0 km (1.2 miles)= 13,200 veh-km (7,920 veh-miles) in the peak hour. 

C. 13,200 veh-km (7,920 veh-miles)/40,000 veh-km (25,000 veh-miles) per incident = 0.32 

incidents per peak hour. 

D. From Table 1, 82% capacity remaining per incident for a three lane section. 

E. 82% x 2200 vphpl = 1804 vphpl adjusted capacity. 

F. 2200 vphpl demand/1804 vphpl capacity= 1.22 v/c, 1.22 > 2400/2200 or 1.09 failure. With the 

improved relationship, the freeway speeds will now drop to 18.5 kph (11.5 mph). 

G. Checking Figure 1 gives an adjusted incident frequency of24,900 veh-km (15,500 veh-miles) 

per incident - iterate - repeat steps Band C. 

B. 1804 x 3 lanes x 2.0 km (1.2 miles)= 10,824 veh-km (6,494 veh-miles). 

C. 10,824/26,900 = 0.40 incidents per peak hour on the freeway at 24 kph (15 mph). 

H. 18.5 kph (11.5 mph) should be used to calculate the delay per incident. This will add an average 

of 515 vehicle hours ofnonrecurrent delay per incident over the 2.0 km (1.2 mile) section. 

I. 515 vehicle hours per incident multiplied by 0 .40 incidents per hour equals 216 vehicle hours 

of delay per hour. 

The improved method results in an additional 75 veh-hours of congestion for the example shown. 

Another problem identified with the initial method of estimating the nonrecurrent congestion costs 

was the assumption that the delay per incident occurred over the entire length of a section of the 

corridor. This had the result of creating higher delay in a long section over a short section, given the 

same conditions in both sections. For example, given a demand of 2200 vphpl for a three-lane 

section, the nonrecurrent delay for the 2.0 km (1.2 mile) section from the example above is 216 

vehicle hours, and the nonrecurrent delay for a 8.0 km (5.0 mile) section would be 3749 vehicle 

hours. Given the same demand and lane conditions, the delay should be proportional to the length. 
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A better method of calculating the delay per incident was needed that did not have length as a factor. 

The queuing analysis equations from Traffic Flow Fundamentals by Adolf D. May (JO) are ideal for 

estimating the delay due to incidents on freeways, given the level of data available with the SPM. To 

solve for the total delay per incident, only two additional variables are needed for the nonrecurrent 

congestion cost procedure: the average time of a 'typical' incident and a service flow rate for the 

duration of a 'typical' incident. A time of 30 minutes was used for the time of an incident. This 

assumes that an effective incident detection and response system is in place for all alternatives, and 

it is reflective of the fact that the majority of incidents are simple shoulder disablements ( 4). The 

service rate is not necessarily equivalent to the reduced capacity due to the speed volume relationship 

developed to estimate the recurrent congestion. If the initial volume demand to reduced capacity 

ratio is greater than 1.09, then the service rate is equivalent to the reduced capacity. If the v/c ratio 

is equal to or less than 0.84, then the service rate is equivalent to the initial demand, and there is no 

delay. However, for the v/c ratios between these two values, a service rate must be estimated. For 

instance, the speed volume relationship of the methodology gives a speed of72 kph (45 mph) for a 

v/c ratio of one, and the service rate allows an equivalent delay to be estimated. The steps for the 

improved nonrecurrent congestion cost estimation procedure are listed below: 

A. Determine vehicle-distance per hour for sections under analysis. 

B. Using Figure I and the estimated speeds per section, detennine the vehicle-distance per incident. 

C. Divide B by A to determine number ofincidents per hour. 

D. Obtain percent of remaining freeway capacity from Table I, based on number of lanes. 

E. Multiply D x 2200 vphpl to reach a per lane reduced capacity value per incident. 

F. Utilize E to arrive at adjusted speeds using the volume to speed relationship. 

G. Check Figure I to determine whether adjusted speed (G) alters the incident frequency, and iterate 

(repeat steps Band C if needed). 

H. Determine the service rate. 

I. Calculate the duration of queue. 

J. Calculate the total delay per incident per lane. 
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K. Multiply the total delay per incident (J) by the number ofincidents per hour (C) and the number 

of lanes to arrive at the delay per hour. 

For the example, the improved delay equations result in a nonrecurrent congestion delay for the 2.0 

km (1.2 mile) section of 186 vehicle hours and a delay for the 8.0 km (5.0 mile) section of 773 vehicle 

hours. The additional delay is directly proportional to the lengths of the two sections. The results 

of the improved procedure are more logical than previous results and should allow for a better 

comparison of alternatives. 

TOLL EFFECTS 

TTI worked with NCTCOG to utilize their travel forecast model to establish a relationship between 

travel demand and price. This relationship is key to developing algorithms that define the effect that 

toll lanes have on mode of travel and various cost components. The equilibrium relationship for toll 

effects basically says that the dollar amount of toll collection is equivalent to the dollar amount of the 

recurrent congestion cost in the adjacent free lanes. In the revised SPM spreadsheet, there are three 

worksheets which adjust the corridor vehicle volumes for the different combinations of free lanes and 

toll lanes. The equilibrium equation is shown below: 

V = volume of total vehicle demand 

VT = volume of tolled vehicles 

CT = cost of toll in $ per unit distance 

DT = delay of tolled vehicles in minutes per unit distance 

DF = delay of free vehicles in minutes per unit distance 

T v = present value oftime in $ per vehicle hour 
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The first worksheet estimates the toll volume for a corridor which is a fully dedicated tollway. The 

equilibrium relationship for a full tollway assumes that there are adjacent parallel arterial routes that 

have a constant delay of 1.86 minutes per km (3 .0 minutes per mile). It is assumed that the delay 

on the adjacent parallel arterial routes is set by signals and does not vary due to volume or incidents. 

The second worksheet estimates the tolled volume for a corridor which has a mix of toll lanes and 

free general purpose lanes. The tolled lanes are assumed to be physically separated from the free 

lanes and to have more limited access but no occupancy restrictions. These facilities are essentially 

the same as the express lane facilities from the SPM, the only difference being the toll. 

The third worksheet estimates tolled volume for HOT lane corridors. The HOT lane corridors are 

essentially the same as the HOV corridors, with the exception that the excess capacity of the HOV 

lanes is "sold" to SOV s. This worksheet assumes a 2+ HOV occupancy. In essence, the model gives 

first priority to high occupancy vehicles by allowing them to use the HOT lane first, as if it were an 

HOV -only lane. Single occupant vehicles are only allowed to use excess capacity available in the 

HOT lane. This approach may tend to overestimate HOV use for a HOT lane because it would not 

take into account drivers who may decide to pay a toll rather than form a carpool. This project did 

not develop an option for 3+ HOV s traveling free with all others paying a toll because oflimited data 

from 3+ HOV facilities. 

The potential annual revenue from toll lanes is calculated for all three options in the model. 

However, the effect of toll revenue does not affect the total public cost calculation because it is 

viewed as both a cost to the driver and a revenue that can be used to offset capital and/or operating 

costs. The net effect of toll revenue on total public cost was assumed to be zero. 

ADDITIONAL FACTORS 

The effects of transit, such as light rail transit, in a transportation corridor have not been included 

in the methodology due to the limited amount of available data. To properly calibrate the model, 
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data from local transportation corridors are desired. The North Central Expressway (US 75) corridor 

from Dallas to Plano will probably be the best corridor for studying the effects of a light rail transit 

line adjacent to a freeway; however, North Central Expressway is still under reconstruction, and the 

light rail line currently only extends through a fraction of the corridor from the CBD to Park Lane. 

Theoretically, the availability of rail transit adjacent to North Central should limit recurrent 

congestion on the freeway. 

The effects of HOV lanes operating concurrently with mixed-flow lanes and on a circumferential 

facility are being studied under another task of this project. The amount of data available is too 

limited to draw any conclusions on the different relationships that may result between congested 

freeways and concurrent HOV lanes and between HOV lanes and congested circumferential 

freeways. The Stemmons Freeway (IH3 SE) concurrent flow HOV lane opened in January of 1997, 

and the LBJ Freeway (IH635) concurrent flow HOV lanes opened in April of 1997. 

Previous research efforts examined costs associated with air quality impacts of different alternatives. 

The levels of emissions were estimated with emissions factors generated by the NCTCOG using the 

MOBILE5a model. Many problems have been associated with the MOBILE5a model and this type 

of application of the emission factors, the primary problem being that the vehicle cycles used in the 

model are not necessarily similar to the type of driving associated with congested freeway conditions 

or high speed freeway conditions. Research projects from California and Georgia have been used 

to improve the MOBILE model. However, the MOBILE6 model is still in development, so the SPM 

spreadsheet has not been updated with respect to emission factors. 

SPREADSHEET FUNCTIONALITY 

The original SPM was contained within two Supercalc spreadsheets. The first spreadsheet was the 

DHV (Design Hour Volume) spreadsheet. With this sheet, each alternative for a corridor was run 

separately simply by changing the number of general purpose, express, and HOV lanes. The rest of 

the input data was the same for each alternative of a particular corridor and remained unchanged with 
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the exception of 3+ HOV alternatives. Occupancy rates and HOV volumes were changed for 3+ 

HOV alternatives, though the same congestion relationship was used to generate the 3+ HOV 

demands. The output for each alternative was then manually input into a single cost spreadsheet for 

each corridor. The cost spreadsheet estimated the construction cost, the right-of-way cost, the 

operation and maintenance cost, the peak hour congestion cost, and the total congestion cost to 

arrive at the total public cost. 

Subsequent research projects modified the spreadsheets and switched them to a Quattro Pro format. 

The functionality of the spreadsheets remained largely the same. However, the addition of the 

environmental and nonrecurrent congestion costs to the cost spreadsheet did not allow all the 

alternatives for a particular corridor to run in a single spreadsheet. Depending on the number of 

sections in the conidor, only three or four alternatives could be run at a time. With the 1451 project, 

the name of the DHV spreadsheet was changed to the CLV (Critical Lane Volume) spreadsheet. 

The large cost spreadsheets had become unwieldy and difficult to use, which was the primary 

incentive to combine the CL V spreadsheet with the cost spreadsheet. The combined result is a more 

concise and simpler spreadsheet, though each alternative is now run separately. The combined 

spreadsheet was prepared as an Excel spreadsheet. The new spreadsheet has several features to make 

it user-fiiendly and to allow for a more consistent comparison of various alternatives. All the input 

data and output data are contained on separate worksheets and can be printed on single sheets of 

paper. Each major function of the spreadsheet is contained on separate worksheets and, for most 

analyses, should not require any changes. Similar to the original DHV sheet, once all the input data 

is in place, the only changes needed for each alternative in a corridor is the number and combination 

of lanes. The new spreadsheet also calculates the costs for both directions of a corridor, as well as 

impacts beyond the shoulder hours. The details of the spreadsheet are discussed more completely 

in the user's manual contained in Appendix C. 
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IV. TESTING THE REVISED METHODOLOGY 

IDENTIFICATION OF TEST CORRIDORS 

Researchers identified five corridors to test the revised SPM. The corridors shown in Table 2 were 

chosen because they are all expected to be relatively high volume traffic corridors in the future, and 

they represent a mix of facility types (e.g., radial versus circumferential, existing versus new facility). 

This section will report on the effect of including nonrecurrent congestion costs in the methodology 

and whether the recommendations in the original SPM (using year 2015 volumes) might have been 

different if those costs had been considered. It will also compare results from the revised SPM with 

toll options against recommendations from the NCTCOG Mobility 2020 report (using year 2020 

volumes). 

Table 2. Test Corridors 

Corridor 
Original SPM Mobility 2020 

Recommendation Recommendation 

I-30 (SH 360 to I-35E) GP/HOV GP/HOV 

I-30 (I-45 to Belt Line) GP/HOV GP/HOV 

I-635 (SH 121 to US 75) GP/HOV GP/HOVffoll 

I-635 (US 75 to I-20) GP/HOV GP/HOV 

SH 161(IH635 to I-20) GP/HOV GP/HOV troll 

GP=General pwpose freeway lanes I HOV=High occupancy vehicle lanes I Toll=Toll lanes 

COMPARISON WITH ORIGINAL SPM RECOMMENDATIONS 

The tabulated results compare the lowest public cost from the original SPM from 1992 to the current 

expanded methodology for the five selected corridors. In addition to nonrecurrent congestion costs, 
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the expanded methodology includes energy and environmental costs, full construction costs, costs 

for peak period, off-peak direction traffic, as well as improvements to the HOV ridership estimation 

procedure, right-of-way costs, and recurrent congestion costs. The shaded cells in Tables 3 through 

7 show the preferred alternatives for the original and revised methodologies. The addition of 

nonrecurrent congestion costs was not responsible for changing the lowest cost alternative in any of 

the five corridors. Three of the corridors showed no change at all, while the other two had a change 

in the nwnber of general purpose lanes because of other modifications to the SPM process since its 

original implementation. 

In general, the alternatives that had the highest total public cost with the original SPM methodology 

remain the most expensive, with the addition of nonrecurrent congestion costs. As can be expected, 

the alternatives with higher capital costs will have low recurrent congestion cost, and the 

nonrecurrent congestion cost for these alternatives will also be low. With the addition of 

nonrecurrent congestion cost, there is less of a balance between capital and congestion costs for most 

alternatives, i.e., the amount of congestion (sum of recurrent and nonrecurrent) becomes a more 

important factor in determining the alternative with the lowest public cost. 

These results confirm the findings in the original SPM that there is a significant cost benefit in high 

volume corridors for alternatives that allow some congestion on general purpose lanes and provide 

HOV lanes to encourage a mode shift to carpools or transit. The addition of nonrecurrent costs 

which increase with congestion are not sufficient to argue for a policy shift away from HOV lanes. 
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Table 3. Testing the Effect ofNonrecurrent Congestion 
Interstate 30 from SH 360 to IH35E (in millions of$) 

Altemative1 

GP:6,6,6,6,6 
(Existing I No Action) 

GP: 10, 10, 8, 8, 8 
HOV: 1 lane reversible/at-grade 
(Proposed TxDOT) 

GP: 18, 16, 14, 16, 10 
(All General Purpose) 

GP: 12, 10, 8, 8, 8 
HOV: 1, 1, l, 1 reversible/at-grade 
(NCTCOG Mobility 2010 Plan)5 

GP: 12, 10, 10, 10, 10 
EXP: 3, 3, 2, 2 reversible/elevated 

GP: 12, 10, 10, 10,8 
EXP: 3, 2, 2, 2 reversible/elevated 

GP: 12, 10, 10, 8, 8 
HOV: 2, 2, 2, 2 reversible/at-grade 

GP: 10, 10, 10, 8, 8 
HOV: 2, 2, 2, 2 reversible/at-grade 

GP: 12, 10, 8, 8, 8 
HOV: 2, 2, 2, 2 reversible/at-grade 
(NCTCOG Mobility 2010 Plan)5 

Original 
Public Cost2 

$90.2 

$67.8 

$34.0 

$62.6 

$27.9 

$26.9 

$23.4 

$24.8 

' Expanded 

Public Cost3 

$371.2 

$111.2 

$71.9 

$97.9 

$64.4 

$63.4 

$58.5 

$58.7 

~~;~ 
. . ' 

~-.. ,:~-~~;;_ ~; "0::-~ : ~ 

~:1~ 

Nonrecurrent 
Congestion Cost4 

1 

$214.8 

$39.4 

$0.8 

$29.9 

$1.2 

$2.4 

$2.2 

$3.3 

$2.4 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with limited access; This 
facility is divided into five sections. If the nwnber of lanes varies for a particular facility type, then the number 
of lanes is listed for each section from west to east. 
2This is the public cost reported in the original System Plan Report. (J) 
3This is the expanded public cost based on extensions of the methodology in two other research projects (2, 3) 
and this project. 
4This is the nonrecurrent congestion cost developed in this project and included in the expanded public cost. 
5 Alternatives #4 and #9 are both identified as a part of the NCTCOG Mobility 20 l 0 Plan because the plan did 
not specify the nwnber or operation of HOV lanes. 
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Table 4. Testing the Effect ofNonrecurrent Congestion 
Interstate 30 from th~ Dallas CBD to Belt Line Road (in million~ of$}__ 

Altemative1 Original Expanded Non-recurrent 
Public Cost Public Cost Congestion _f ost 

-

1. GP: 10, 8, 8, 8, 6, 8 
$58.2 $200.9 $116.6 

(Existing I No Action) 

2. GP: 10, 10, 10, 10, 6, 8 
$53.l $177.0 $99.6 

(TSM) 

3. GP: 18, 18, 18, 14, 10, 10 
$17.8 $58.4 $0.5 

(All General Purpose) 

4. GP: 10, 10, 10, 10, 6, 8 
EXP: 4, 4, 4, 4, 4 elevated 

$23.1 $58.3 $1.0 
HOV: 1, 1, 1, 1, 1 reversible/at-grade 
(NCTCOG Mobility 2010 Plan) 

5. GP: 12, 12, 12, 10, 6, 8 
$15.7 $47.1 $1.7 

EXP: 2, 2, 2, 2, 2 reversible/at-grade 

6. GP: 10, 10, 10, 10, 6, 8 
$14.8 $46.4 $1.9 

EXP: 3, 3, 3, 2, 2 reversible/at-grade 

7. GP: 10, 8, 8, 8, 6, 8 
$8.5 $1.5 

HOV: 2, 2, 2, 2, 1 reversible/at-grade 

8. GP: 10, 10,8,8,6,8 
$8.9 $39.8 $1.5 

HOV: 2, 2, 2, 2, 1 reversible/at-grade 

9. GP: 10, 10, 10, 8, 6, 8 
$40.6 $1.2 

HOV: 2, 2, 2, 2, 1 reversible/at-grade 

10. GP: 10, 10, 10, 10, 6, 8 
$18.0 $42.7 $1.0 

HOV: 2, 2, 2, 2, 1 reversible/at-grade 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with limited access; This 
facility is divided into six sections. If the number of lanes varies for a particular facility type, then the number of 
lanes is listed for each section from west to east. 
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Table 5. Testing the Effect ofNonrecurrent Congestion 
Interstate 635 from Royal !-ane to US 75 (in million~ of$) 

Altemative1 

1. GP: 4, 6, 8, 8 
(Existing I No Action) 

2. GP: 6, 10, 10, 10 
EXP: 0,0,4,4 elevated 
HOV: 0, 1, 2, 2 at-grade 
(NCTCOG Mobility 2010 Plan) 

3. GP: 4, 12, 18, 18 
(All General Purpose) 

4. GP: 4, 10, 12, 14 
EXP: 0, 0, 4, 4 elevated 

5. GP: 4, 10, 12, 12 
EXP: 0, 0, 4, 6 elevated 

6. GP: 4, 10, 10, 10 
HOV: 0, 1, 4, 4 elevated 

7. GP: 4, 10, 10, 12 
HOV: 0, 1, 4, 4 elevated 

8. GP: 4, 10, 10, 10 
HOV: 0, l, 4, 6 elevated 

Original 
Public Cost 

$130.6 

$47.9 

$42.3 

$41.0 

$40.9 

$35.9 

$32.6 

Expanded Non-recurrent 
Public Cost 

1 
_Congestion Cost 1 

$492.9 $293.2 

$96.4 $8.l 

$88.3 $2.l 

$86.2 $4.l 

$86.2 $4.0 

$85.l $11.1 

$8.3 

$86.0 $10.0 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with limited access; This 
facility is divided into four sections. If the number of lanes varies for a particular facility type, then the number 
of lanes is listed for each section from west to east. 
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Table 6. Testing the Effect ofNonrecurrent Congestion 
Interstate 635 from US 75 to IH20 (in millions of$) 

Altemative1 Original Expanded 
Public Cost Public Cost 

1. GP: 8, 8, 8, 8, 8 
$48.7 ' $197.0 

(Existing I No Action) 

2. GP: 10, 10, 10, 10, 10 
HOV: 2, 2, 2 reversible/at-grade $17.8 $86.0 
(Proposed TxDOT) 

3. GP: 10, 10, 10, 10,8 
HOV: 1, 1, 1 reversible/at-grade $15.9 $83.4 
(NCTCOG Mobility 2010 Plan) 

4. GP: 14, 12, 14, 10, 10 
$22.5 $86.8 

(All General Purpose) 

5. GP: 10, 8, 8, 10, 8 
$11.2 $78.0 

EXP: 2, 2, 2 reversible/at-grade 

6. GP: 10, 10, 10, 10, 8 
$12.8 $80.5 

EXP: 2, 2, 2 reversible/at-grade 

7. GP 8, 8, 8, 8, 8 
$15.7 $80.4 

HOV: 2, 1, 1 reversible/at-grade 

8. GP: 8, 8, 8, 8, 8 
$13.6 $80.0 

HOV: 2, 2, 2 reversible/at-grade 

9. GP: 10, 8, 8, 8, 8 \~t~ii •• HOV: 2, 2, 2 reversible/at-grade 

' 10. GP: 10, 10, 10, 10, 10 
HOV: 2, 1, 1 reversible/at-grade $11.3 $76.6 
(NCTCOG Mobility 2010 Plan) I 

11. GP: 10, 10, 10, 10, 10 
$12.2 $78.4 

HOV: 2, 2, 2 reversible/at-grade 

12. GP 10, 10, 10, 10, 10 
$15.8 $83.4 

HOV: 1, 1, 1 reversible/at-grade 

Non-recurrent 
Congestion Cost 

1 

$96.3 

$2.2 

$8.l 

$0.8 

$5.4 

$4.5 

$11.1 

$10.5 

$3.5 

$3.3 

$2.9 

$8.l 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with limited access; This 
facility is divided into five sections. If the number of lanes varies for a particular facility type, then the number 
of lanes is listed for each section from west to east. 
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Table 7. Testing the Effect of Nonrecurrent Congestion 
State Highway 161 from IH20 to IH635 (in millions of$) 

Alternative1 

1. GP: 4, 8, 8, 8 
(Proposed TxDOT) 

2. GP: 4, 8, 8, 10 
HOV: 0,1,11 reversible/at-grade 
(NCTCOG Mobility 2010 Plan) 

3. GP: 4, 8, 8, 10 
HOV: 0,2,2,2 reversible/at-grade 
(NCTCOG Mobility 2010 Plan) 

4. GP: 4, 12, 14, 16 
(All General Purpose) 

5. GP: 4, 6, 8, 10 
EXP: 0, 2, 2, 2 reversible/at-grade 

6. GP: 4, 6, 8, 10 
EXP: 0, 2, 2, 2 reversible/elevated 

7. GP: 4, 6, 6, 8 
HOV: 0, 2, 2, 2 reversible/at-grade 

8. GP: 4, 6, 6, 8 
HOV: 0, 2, 2, 2 reversible/elevated 

9. GP: 4, 6, 8, 8 
HOV: 0, 2, 2, 2 reversible/at-grade 

10. GP: 4, 6, 8, 8 
HOV: 0, 2, 2, 2 reversible/elevated 

Original 
Public Cost 

$75.7 

$48.9 

$45.9 

$50.5 

$43.7 

$44.2 

$42.0 

$42.l 

$40.4 

Expanded 
Public Cost 

$119.6 

$64.l 

$65.2 

$69.7 

$61.8 

$72.8 

$72.9 

$65.2 

$65.4 

Non-recurrent 
Congestion Cost 

$43.4 

$1.9 

$0.8 

$0.3 

$2.0 

$2.0 

$11.8 

$11.8 

$5.5 

$5.5 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with limited access; This 
facility is divided into four sections. If the number of lanes varies for a particular facility type, then the number 
of lanes is listed for each section from south to north. 
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PERFORMANCE OF TOLL LANE ALTERNATIVES 

This section describes the performance of toll lane alternatives for the IH 30 corridor between SH 

360 and IH 35E, west of downtown Dallas. The first option considered is an "all toll lane" alternative 

that would provide 10 to 12 lanes in this section. Table 8 compares this alternative with an all general 

purpose alternative and a combination of general purpose and HOT lanes. 

Table 8. All Toll Lanes: Interstate 30 from SH 360 to ffi35E 

Alternative Total Peak Hour Congestion Total 
Lanes Occupancv Cost (mi1$) Cost (mil$) 

All Toll Lanes 10-12 1.24 $21.7 $75.2 

All General Purpose Lanes 12-16 1.24 $0.6 $70.6 

Combination General 8-10 1.45 $2.0 $54.1 
Purpose and HOT Lanes 

Table 8 illustrates the following key points about "all toll lane" alternatives: 

• "All toll lane" alternatives require fewer lanes than options with all free lanes because the tolls 

divert traffic to adjacent arterial routes. However, facilities with combinations of general 

purpose and HOT/HOV will generally require even fewer total lanes than one with all toll 

lanes. 

• The "all toll lane" does not provide any mode shift to carpools or transit and generally results 

in higher congestion costs and total costs than other alternatives. 

• This toll alternative will generate the highest revenue, but this is not an advantage within the 

context of the SPM because tolls are not counted in the calculation of total public cost. 
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The next toll lane alternative combines general purpose lanes with toll lanes. Table 9 summarizes 

the results of this analysis. 

Table 9. General Purpose and Toll Lanes: Interstate 30 from SH 360 to IH35E 

Alternative 
Peak.Hour Congestion Total 
Occupancy Cost (mil$) Cost (mil$) 

Combination General Purpose and 
1.24 $7.8 $66.5 

Toll Lanes 

Combination General Purpose and 
1.45 $2.1 $54.2 

HOV Lanes 

Combination General Purpose and 
1.45 $2.1 $54.l 

HOT Lanes 

This table illustrates the following key points about combined general purpose lanes and toll lanes: 

• Like the "all toll lane" alternative, this one provides no incentive for drivers to shift modes 

from single occupant vehicles to carpools or transit. 

• Since the toll lanes operate below capacity (because of the price) and do not encourage 

higher occupancies, the general purpose lanes operate at higher levels of congestion. 

Consequently, this toll alternative will have higher congestion costs and total costs than 

alternatives with a combination of general purpose and HOV/HOT lanes. 

• Toll revenue is only about 10 percent of the "all toll lane" ruternative. 

The last toll alternative involves a combination of general purpose lanes and HOT lanes. Table 10 

shows the results of this analysis. 
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Table 10. General Purpose and HOT Lanes: Interstate 30 from SH 360 to m35E 

General 
HOV/HOT Congestion Total Alternative Purpose 

Lanes Lanes Cost (mil$) Cost (mil$) 

Combination General 
8 1-2 $2.l $54.2 Purpose and HOV Lanes 

Combination General 
8 1-2 $2.l $54.l 

Purpose and HOT Lanes 

Combination General 
6 2-4 $2.5 $52.5 

Purpose I New Lanes HOT 

This table illustrates the following key points about combined general purpose lanes and HOT lanes: 

• The HOT lane combination is very competitive with HOV options in congested corridors. 

Depending on the level of excess capacity in an HOV-only lane that is available to "sell" in 

the form of a toll, an HOT lane option should perform better than a comparable HOV 

alternative because it draws additional drivers out of the general purpose lanes and, therefore, 

decreases their congestion level. 

• Building all "new" lanes as HOT lanes (no new general purpose lanes) may be best, but this 

will add congestion to the existing general purpose lanes. Adding some of the HOT lanes as 

reversible lanes helps offset this penalty with lower capital costs. 

• Revenues are only about one percent of the "all toll lane" option. 

COMPARISON WITH MOBILITY 2020 RECOMMENDATIONS 

The regional transportation plan for the Dallas/Ft. Worth area was completed in late 1996 by the 

NCTCOG and is called the "Mobility 2020 Plan." The last step in this project was to use the revised 

System Planning Methodology to evaluate the five test corridors using year 2020 traffic volumes and 

compare the results of this analysis with the recommendation contained in the Mobility 2020 Plan. 
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Tables 11through15 summarize the results of this analysis for each of the five corridors -- the lowest 

cost alternative and the Mobility 2020 recommendation are highlighted in each table. 

The Mobility 2020 recommendations performed well in four out of five corridors; although none of 

its recommendations was the lowest total cost alternative. Only the SH 161 recommendation that 

included use of toll lanes in the northern segments was significantly higher, more than double, the 

lowest total cost alternative. The SPM generally preferred alternatives that included HOT lanes, with 

HOV combinations only slightly more costly. In some cases, the number of general purpose lanes 

needed was reduced under the SPM recommendation. The results of the SPM in these corridors 

would be helpful in refining plans for these corridors. Naturally, many other factors would come into 

play that might make a higher cost alternative the "best" one in a particular case. 
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1. 

2. 

Table 11. Application of Revised System Planning Methodology 
Interstate 30 from SH 360 to IH35E (in millions of$) 

Altemative1 I Total Public Cost 

GP: 6, 6, 6, 6, 6 
$356.0 

(Existing I No Action) 

GP: 16, 14, 14, 14, 12 
$70.6 

(All General Purpose) 
-_- -.-. _-_ -·--::.~- --:--~- _------------ -;----:--- --- --. --- -~ 

~ .. _ .. - ' J - - 1 ~ ' ._· . :: ~ -: : ~ 
. ' ' 

'" -~-~-. -:._: 1:·: :: '~ • _·:- _-- f:· l·: ·-_:,:"_-;-:-_c[, w • ' ; ', ·~ .: 2 ' 
.--------~------ ·- -

__ · -~~:· - ; . .;: ~~~ .. ~)/1 :~~·. -=::l~ _:_- j 1J_~---·- _:~----~___: 

4. GP: 10, 8, 8, 8, 6 
EXP: 2, 2 reversible/at-grade 2, 3, 2 

$62.2 
reversible/elevated 

(General Purpose & Express) 

5. GP: 10, 8, 8, 8, 6 
TOLL: 2, 2 reversible/at-grade 2, 3, 2 

$66.5 
reversible/elevated 

(General Purpose & Toll) 

6. GP: 8, 8, 8, 8, 8 
HOV: 2, 2, 2, 2, 1 reversible/at-grade $54.2 
(General Purpose & HOV) 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXJ>;express lanes with 
limited access; TOLL=toll lanes; HOT=high occupancy/toll lanes. This facility is divided into 
five sections. If the number oflanes varies for a particular facility type, then the number of 
lanes is listed for each section from west to east. 
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1. 

2. 

Table 12. Application of Revised System Planning Methodology 
Interstate 30 from Dallas CBD to Belt Line Road (in millions of$) 

Alternative1 I Total Public Cost 

GP: 10, 8, 8, 8, 6, 8 
$364.l 

(Existing I No Action) 

GP: 18, 18, 18, 18, 14, 16 
$83.1 

(All General Purpose) 

4. GP: 10, 10, 10, 10, 8, 8 
EXP: 3, 3, 3, 3 reversible/elevated, 2, 2 

reversible/at grade 
(General Purpose & Express) 

5. GP: 10, 10, 10, 10, 8, 8 
TOLL: 3, 3, 3, 3 reversible/elevated, 2, 3 

reversible/at grade 
(General Purpose & Toll) 

$75.21 

$78.75 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with 
limited access; TOLL=toll lanes; HOT=high occupancy/toll lanes. This facility is divided into 
six sections. If the number of Janes varies for a particular facility type, then the number of 
Janes is listed for each section from west to east. 
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Table 13. Application of Revised System Planning Methodology 
Interstate 635 from Royal Lane to US 75 (in millions of$) 

Alternative1 I Total Public Cost 

1. GP: 4, 10, 8, 8 
(Existing I No Action) 

2. GP: 8, 14, 14, 16 
(All General Purpose) 

4. GP: 6, 10, 10, 10 
EXP: 2, 2 reversible/at-grade, 4, 4 

bi-directional/elevated 
(General Purpose & Express) 

5. GP: 6, 10, 10, 10 
TOLL: 2, 2 reversible/at-grade, 4, 4 

bi-directional/elevated 
(General Purpose & Toll) 

7. GP: 6, 8, 8, 8 
HOT: 1, 2 reversible/at-grade, 4, 6 

bi-directional/elevated 
(General Purpose & HOT) 

$562.5 

$98.9 

$100.8 

$106.9 

$86.6 

1 GP=general purpose Janes; HOV=high occupancy vehicle lanes; EXP=express lanes with 
limited access; TOLL=toll lanes; HOT=high occupancy/toll lanes. This facility is divided into 
four sections. If the number oflanes varies for a particular facility type, then the number of 
lanes is listed for each section from west to east. 
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Table 14. Application of Revised System Planning Methodology 
Interstate 635 from US 75 to IH20 (in millions of$) 

Alternative' I Total Public Cost 

1. GP: 8, 8, 8, 8, 8 
(Existing I No Action) 

2. GP: 14, 16, 16, 12, 12 
(All General Purpose) 

4. GP: 10, 10, 10, 10, 10 
EXP: 4 bi-directional/at-grade, 2, 2, 2 

reversible/at-grade 
(General Purpose & Express) 

5. GP: 10, 10, 10, 10, 10 
TOLL: 4 bi-directional/at-grade, 2, 2, 2 

reversible/at-grade 
(General Purpose & Toll) 

6. GP: 8, 8, 8, 8, 8 
HOV: 4 bi-directional/at grade, 2 reversible/at-grade, 

3 bi-directional/at-grade 
(General Purpose & HOV) 

$368.6 

$117.8 

$110.1 

$113.4 

$94.7 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with 
limited access; TOLL=toll lanes; HOT=high occupancy/toll lanes. This facility is divided into 
five sections. If the number of lanes varies for a particular facility type, then the number of 
lanes is listed for each section from west to east 
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Table 15. Application of Revised System Planning Methodology 
State Highway 161 from IH20 to IH635 (in millions of$) 

Altemative1 ~ Total Public Cost 

1. GP: 4, 8, 8, 8, 8 
(Proposed TxDOT) 

2. GP: 8, 10, 10, 12, 14 
(All General Purpose) 

4. GP: 4, 6, 8, 8, 8 
EXP: 2, 2, 2, 2 reversible/at-grade, 4 

bi-directional/at-grade 
(General Purpose & Express) 

5. GP:4,6,6,8,8 
TOLL: 2, 2 reversible/at-grade 4, 4, 4 

bi-directional/at~grade 

(General Purpose & Toll) 

6. GP: 4, 6, 6, 8, 8 
HOV: 1, 1 reversible/at-grade, 2, 2, 2 

bi-directional/at-grade 
(General Purpose & HOV) 

$144.2 

$74.3 

$69.1 

$75.4 

$64.0 

1 GP=general purpose lanes; HOV=high occupancy vehicle lanes; EXP=express lanes with 
limited access; TOLL=toll lanes; HOT=high occupancy/toll lanes. This facility is divided into 
four sections. If the number oflanes varies for a particular facility type, then the number of 
lanes is listed for each section from south to north. 
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V. RECOMMENDATIONS/CONCLUSIONS 

RESULTS OF INCLUDING NONRECURRENT COSTS AND TOLL LANES 

This research has extended the SPM by correcting some problems associated with the spreadsheet' s 

handling of nonrecurrent congestion costs and adding the option of examining toll lanes in the mix 

of alternative cross sections for a corridor. Application of the SPM prior to this study had concluded 

that, in practice, the outcomes of corridor analysis depended largely on travel demand. For example 

(J): 

1) Corridors with low demand can typically be served by the existing design or by the existing 

design with some capacity improvements to the general purpose lanes. 

2) Corridors with moderate demand can typically be served by the existing design (sometimes 

with capacity improvements to the general purpose lanes) and additional express lanes to 

serve the long distance trips. 

3) Corridors with high demand are best served by the existing design with some capacity 

improvements to the general purpose lanes and an HOV facility. If a travel time advantage 

over the general purpose lanes is created for HOV s, an HOV lane will reduce the total 

number of vehicle trips in the corridor because of the mode shift to high occupancy vehicles. 

The results of this project do not alter the initial findings as described under (1) and (2) above for low 

and moderate demand facilities. 

It was thought that the introduction of nonrecurrent costs might cause the addition of general purpose 

lanes to become the preferred alternative for high demand corridors, but results from the test 

corridors showed that HOV lanes continue to be part of the best solution. It is generally believed that 

more than half of total freeway congestion in urban areas is the result of nonrecurrent congestion ( 2) 
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. The estimation of nonrecurrent congestion costs, as implemented by this project is showing 

nonrecurrent congestion levels ranging from 1. 5 to 5 times the level of recurrent congestion. While 

these levels may be somewhat high, corridors that have multiple, barrier-separated facilities may be 

subject to greater congestion impacts from incidents. The absolute value of recurrent congestion 

estimated by the model could be modified by altering some of the assumptions regarding time 

required to remove an incident or the capacity reduction assumed per incident. For the purposes of 

this project, it was assumed that higher levels of nonrecurrent congestion indicated a conservative 

approach since the additional costs did not alter recommendations in the test corridors. It should also 

be noted that the high estimated costs associated with nonrecurrent congestion may suggest that the 

effect of incidents on traffic flow could be greater than generally assumed. This would support 

continued efforts to provide effective incident detection and response programs in heavily congested 

areas. 

The evaluation of toll lanes in the test corridors showed that congested corridors with all toll lane or 

general purpose/toll lane combinations did not perform as well as alternatives that included a 

combination of general purpose and HOV lanes based on the lowest total public cost criteria. 

However, alternatives that combined general purpose lanes with HOT lanes tended to perform as well 

as and slightly better, in some cases, than HOV lanes. This is understandable since the model simply 

allows excess capacity in the HOV lanes (not used by HOVs) to be absorbed by SOVs willing to pay 

a toll. Congestion costs in the general purpose lanes are reduced somewhat, depending on the 

amount of capacity available in the HOV lanes and the number of SOVs who are willing to pay the 

toll. In general, the SPM suggests that any lanes added to an existing, high demand facility should 

be either HOT or HOV lanes. This recommendation must be tempered by the fact that HOT lanes 

represent a new approach to serving travel demand, and there are many public policy, implementation, 

and operations issues that need to be examined before HOT lanes can be given an unqualified 

endorsement. 

From a revenue producing standpoint, an all toll facility will generate the highest level of toll revenue, 

followed by general purpose/toll lane combinations, and general purpose/HOT lane combinations, 
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respectively. This study clearly shows that HOT lanes (permitting 2+ HOV to ride free) should not 

be viewed as a major source of revenue to help pay for the construction or reconstruction of a facility. 

Revenue estimates indicate that a HOT lane will produce less than one percent of the revenue that 

an all toll lane facility would produce, depending on the amount of excess capacity that is available 

for single occupant vehicles in the HOT lane. 

APPLICATION IN TRANSPORTATION PLANNING PROCESS 

The original application of the SPM was done in conjunction with the NCTCOG Mobility 2010 

Update completed in 1992. The results from the System Plan were used as an input to the decision 

making process for that study. The System Plan was not updated for use with the recently completed 

NCTCOG Mobility 2020 Plan largely because of the tight schedule followed by the MPO in 

developing alternative networks and design year forecasts, and seeking approval of a recommended 

plan. Discussions with representatives of the NCTCOG and TxDOT Dallas District during the course 

of this project point toward the application of the SPM as a tool in analyzing projects during their 

feasibility studies, i.e., major investment studies and corridor studies. This has several advantages, 

including: 

1) time to develop input data to a greater level of detail and test the sensitivity of the model to 

variations in the inputs; 

2) MISs and corridor studies are part ofTxDOT's feasibility phase of project development and 

are requiring higher levels of public involvement -- they provide a link between macro-level 

regional transportation planning and micro-level schematic design; and 

3) results from these studies can be used as an input into the regional transportation plan that 

must be updated every three years. 
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FUTURE ENHANCEMENT TO THE SYSTEM PLANNING METHODOLOGY 

HOT lanes are receiving a lot of attention around the country as a facility option that can increase 

person movement through its high occupancy component and revenue through its toll component. 

The current project has not attempted to evaluate every way that HOT lanes could be implemented. 

In particular, options that involve 3+ carpools riding free and single occupant vehicles and/or 2+ 

carpools paying a toll has not been examined because there is limited information available about 

factors that affect the formation of 3+ carpools. The SR91 project in Los Angeles is the first 

operating HOT lane that allows 3+ carpools to drive free while all other vehicles pay a toll. Data 

from this project should be available in the coming months and may provide the basis for a new 

research project that would extend the SPM so that it can effectively evaluate additional HOT lane 

options. 
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APPENDIX A 
OUTPUT COMPARING REVISED SPM WITH ORIGINAL SPM 
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System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor: Interstate 30 West Design Year: 
Alternative: 9 Mobility Plan 2 

Freeway Section: 2 3 4 5 
Section Limits: 360 - 161 161 - Lp12 Lp12-Ham. Ham.-Trin. Trin.-IH35E 
Length (Miles) 
Length Al-Grade 
Length Elevated 

Traffic Inputs: 
FreewayADT 
HOVADT 
AD Transit Riders 
FruewayK 
Freeway D 
Carpool Occupancy 
GP Occupancy 

Lane Inputs: 
Existing Lanes 
Proposed Lanes: 
General Purpose Free 
General Purpose Toll 
Express Reverslble 
Express Bi-directional 
Toll Reversible 
Toll Bi-directional 
HOV Reversible 
HOV Bi-directional 
HOT Reversible 
HOT Bi-directional 

1.751 
0.2 

311.172 
13, 186 

0 
0.09 
0.60 
2.20 
1.05 

12 
0 
0 
0 
0 
0 
2 
0 
0 
0 

6.391 
0.31 

232.989 
10.847 
1,421 
0.09 
0.65 
2.20 
1.05 

el 
10 
0 
0 
0 
0 
0 
2 
0 
0 
0 

Peak Hour Peak Direction Volume per Lane: 
General Purpose 
Express/Toll 
HOV/HOT 
Transit Riders (Persons) 
Occupancy 
Veh Distance of Travel 

1.763 
0 

2,000 
0 

1.64 
28,423 

1,530 
0 

2.000 
528 
1.70 

78.069 

2.951 
0.26 

211.950 
9.621 
2.898 
0.09 
o.e5 
2.20 
1.05 

8 
0 
0 
0 
0 
0 
2 
0 
0 
0 

1.644 
0 

1.909 
1.077 

1.76 
33,360 

Peak Hour Off Peak Direction Volume per Lane: 
General Purpose 
Express/Toll 
HOV/HOT 
Transit Riders (Persons) 
Occupancy 
Veh Distance of Travel 

Costs ($Million): 
Construction Cost 
Right of Way Cost 
Operations Cost 
Pk Hr Recmt Congstn Cost 
Recmt Congstn Cost 
Subtotal Costs 
Nonrecmt Congstn Cost 
Emissions Cost 
Fuel Consumption Cost 
Total Costs ISM) 

1.763 
0 
0 
0 

1 05 
20.631 

$4.87 
$0.66 
$0.35 
$0.07 
$0.07 

$0.44 
$2.58 
$1.14 

$10.11 

1.386 1,576 
0 0 
0 0 
0 0 

1.05 1.05 
46.441 20,241 

$14.20 $5.83 
$2.26 $0.54 
$0.00 S0.00 
$0.24 $0.04 
$0.24 $0.04 

$1.23 S0.39 
$6.36 $2.73 
$2.79 $1.19 

$27.09 $10.73 
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1.91 
0.34 o.~l 

237,453 139,375 
8.582 2.253 
4,098 4.098 

0.09 0.09 
0.65 o.e5 
2.20 2.20 
1.05 1.05 

el 
8 8 
0 0 
0 0 
0 0 
0 0 
0 0 
2 0 
0 0 
0 0 
0 0 

2.000 1.638 
0 0 

1,700 0 
1.523 1.523 

1.71 1.58 
25,537 2,228 

t.766 1.037 
0 0 
0 0 
0 0 

1.05 1.05 
15.824 1,410 

$4.18 $0.62 
$0.38 $0.00 
$0.00 $0.00 
$0.09 $0.00 
$0.09 so.oo 

S0.33 $0.00 
$2.11 $0.21 
$0.94 $0.09 
$8.03 $0.93 

2015 

6 7 

0 0 

~l ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.57 0.57 
2.20 2.20 
1.05 1.05 

oj ol 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 
0 0 

$0.00 $0.00 
$0.00 $0.00 
$0.00 $0.00 
$0.00 $0.00 
$0.00 S0.00 

$0.00 $0.00 
$0.00 $0.00 
$0.00 $0.00 
$0.00 $0.00 

17.Jul-97 

8 
0 

~I 

0 
0 
0 

0.09 
0.57 
2.20 
1.05 

Of 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

000 
0 

0 
0 
0 
0 

0.00 
0 

Subtotals 
$0.00 $29.71 
S0.00 $3.84 
S0.00 $0.35 
S0.00 S0.44 
$0.00 $0.44 

$34.78 
S0.00 $2.39 
$0.00 $13.98 
S0.00 $6.17 
S0.00 $56.88 



PROPOSED LANES PK HOOR TOTAL 
........................ GEN·PURP GEN•PURP TRANSIT 

LENGTH (Ml) EXPRESS HOV CRITICAL LANE VOL TRANSIT CONSTll R.o.w. o&M CONGEST CONGEST CONGEST TOTAL 
• •• • • • •• ·•• EXIST GEN ••• • • •• ••••• • • • ·•• · •• •· • ·• • ••· ·• • RIDERSHIP COST COST COSTS COST COST COST COST 

ALTERNATIVE SECT ION A·G ELEV LANES PUR AG ELEV AG ELEV GEN.PUii. EXP HOV (PERSONS) (S M) CS M) CS M) (S M) (SM) UM) (S Ml 
................................................. ···- ·- .. .. .. .. .. ............. ... . ............. --·-·· .......... .. ..... "'"' . .......... .. ...... -..... . . .. . .. .. . . .. ....... 

9 Mobility 360· 161 1.T5 .20 6 12 0 0 2 0 2052 0 2000 0 S3.0 S.4 S.4 S.9 S.9 s.o S4.6 
~ Plan 2 161·LP12 6.39 .31 6 10 0 0 2 0 2062 0 1626 425 S7,7 S1.4 s.o S2.0 S2.0 s.o S11.0 
00 Gen. Purp. LP12·HAMP 2.95 .26 6 8 0 0 2 0 2031 0 1723 925 S2.7 S.3 s.o S.7 S.7 s.o S3.8 

& HOV 2+ HAMP·TRIN 1.90 .34 6 8 0 0 2 0 2059 0 1885 1441 S2.0 S.2 s.o S.6 S.6 s.o S2.8 
TRIN•l35E .oo .34 6 8 0 0 0 0 1770 0 0 1441 s.2 s.o s.o s.o s.o s.o s.2 ...... . .. . . . .. ......... . ..... .. ........... .. ............. . ................... 

14.44 SUBTOTAL S15.6 S2.3 S.4 S4.2 S4.2 s.o S22.4 
................................ . ........................................ 

S18.2 S4.2 

1-30 from SH 360 to I-35E 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor: 
Alternative: 

Freeway Section: 

Section Limits: 
Length (Miles) 
Length At-Grade 
Length Elevated 

Traffic Inputs: 
F~AOT 

HOVAOT 
AO Transit Riders 
FreewayK 
Freeway 0 
Carpool Occupancy 
GP Occupancy 

Lane Inputs: 
Existing lanes 
Proposed Lanes: 
General Purpose Free 
General Purpose Toll 
Express Reversible 
Express Bi-directional 
Toll Reversible 
Toll Bi-directional 
HOV Reversible 
HOV Bi-directional 
HOT Reversible 
HOT Bi-directional 

Interstate 30 ERL T 
7 GP& HOV2+ 

2 J 
CBO-Peak. Peak.-Om Gm.-Ferg. 

~I 1.~I o.~I 

259.464 252.397 250.299 
9.527 9.527 9.527 

11.575 11.575 11,575 
0.09 0.09 0.09 
0.69 0.69 0.69 
2.20 2.20 2.20 
1.05 1.05 1.05 

101 81 8J 
8 8 8 
0 0 0 
1 0 0 
0 0 0 
0 0 0 
0 0 0 
2 2 2 
0 0 0 
0 0 0 
0 0 0 

Peak Hour Peak Direction Volume per Lane: 
General Purpose 
Express/Toll 
HOV/HOT 
Transit Riders (Persons) 
Occupancy 
Veh Distance of Travel 

1,679 
1,679 
1.956 
4.371 

1.96 
12.307 

1.864 1,667 
0 0 

1.952 1.952 
4.819 4.819 

2.08 2.07 
14,770 17.060 

Peak Hour Off Peak Direction Volume per Lane: 
General Purpose 
Express/Toll 
HOV/HOT 
Transit Riders (Persons) 
Occupancy 
Veh Distance of Travel 

Costs ($Million): 
Construction Cost 
Right of Way Cost 
Operations Cost 
Pk Hr Recmt Congstn Cost 
Recmt Congstn Cost 
Subtotal Costs 
Nonrecmt Congstn Cost 
Emissions Cost 
Fuel Consumption Cost 
Total Costs (SMI 

1,709 
0 
0 
0 

1.05 
6,837 

$3.01 
$0.24 
$0.35 
$0.02 
$0.02 

$0.29 
$0.96 
$0.42 
$5.30 

1.663 1.649 
0 0 
0 0 
0 0 

1.05 1.05 
8.646 9.893 

$2.29 $2.99 
$0.21 $0.24 
$0.DO $0.DO 
S0.04 $0.04 
$0.04 $004 

$0.39 $0.46 
$1.19 $1.37 
$0.52 $0.60 
$4.64 $5.70 

49 

Design Year: 2015 

4 5 6 7 
Ferg-US80 US80-LBJ LBJ.Elltl. 0 

2-~1 3-~1 2.~, ~I 
216.514 143.754 131.277 0 

6.132 5.636 3.693 0 
4,550 4.550 2.295 0 
0.09 0.09 0.09 0.09 
0.69 0.69 0.69 0.57 
2.20 2.20 2.20 2.20 
1.05 1.05 1.05 1.05 

sl 6f sl ol 
8 6 8 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
2 1 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1.939 1,702 1,648 0 
0 0 0 0 

1.470 1.800 0 0 
1.894 1.894 955 0 

1.67 1.90 1.62 0.00 
27.807 23,481 16.483 0 

1,426 1.263 865 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1.05 1.05 1.05 0.00 
14.833 12.879 6.648 0 

$7.07 $4.46 $3.28 $0.00 
$0.11 $0.DO $0.00 SO.DO 
$0.DO SO.DO $0.DO SO.DO 
$0.06 S0.00 $0.00 $0.00 
$0.06 $0.00 $0.DO SO.DO 

$0.17 S0.18 $0.04 $0.DO 
$2.19 $1.92 $1.43 $0.00 
$0.98 $0.84 $0.65 SO.DO 

$10.57 $7.41 $5.40 $0.00 

18.Jul-97 

8 
0 

~I 

0 
0 
0 

0.09 
0.57 
2.20 
1.05 

o) 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.00 
0 

0 
0 
0 
0 

0.00 
0 

Subtotals 
$0.00 $23.10 
$0.00 $0.80 
SO.DO $0.35 
$0.DO S0.16 
$0.00 $0.16 

$24.58 
S0.00 $1.53 
$0.DO $9.05 
SO.DO $4.02 
S0.00 $39.02 



PROPOSED LANES PK HC:OR TOTAL ........ -... "' ............... GEN·PURP GEN·PURP TRANSIT 
LENGTH CHI) EXPRESS HOV CRITICAL LANE VOL TRANSIT CONS TR R.0.11. o&H CONGEST CONGEST CONGEST TOTAL 
··• · · • • • •· • EXIST GEN · • •·•· • • • • •• ••· ••• • •• · • • • · • • ·· ·• • RIDERSKIP COST COST COSTS COST COST COST COST 

AL TERNA 11 VE SECT ION A·G ELEV LANES PUR AG ELEV AG ELEV GEN.PUR. EXP HOV (PERSONS) ( S H) CS H) CS H) (S H) (S H) (S/ol) (S H) 
.. .. .. .. .. .. .. .. . .. .. .. .. .. .. . . . .. .. .. .. .. .. .. .. .. .. . . .. . . . .. .. .. . . .. .. .. . .. -.. .. . .. . .. ............. .. ...... .. .. .. . . .. .. .. .. .. .. .. .. .. ......... ............ .. ......... -............. .. ............. .. .. . .. . . .. .. .. ........... 

Vl 9 Gen. Purp. CBD·PEAK .oo 1.00 10 8 0 0 1 0 1995 0 1942 4256 S.5 s.o S.4 S. I S. I s.o S.9 0 & HOV <2•) PEAK·GRAN 1.30 .oo 8 10 0 0 2 0 1932 0 1942 4256 Sl .O S.3 s.o S.2 s.2 s.o Sl.5 
GRANO·FER 1.00 .50 8 10 0 0 2 0 1913 0 1942 4256 S1.5 S.4 s.o S.2 s.2 s.o s2.o 
FERG·US80 2.60 .00 6 8 0 0 2 0 2128 0 1595 1599 SI .2 s.o s.o S.6 S.6 s.o Sl.9 
US80•LBJ 3.40 .00 6 6 0 0 1 0 2069 0 1820 1441 S1.2 s.o s.o S.6 S.6 s.o Sl.8 
LBJ·BLTLN 2.50 .oo 8 8 0 0 0 0 1759 0 0 674 s. 1 s.o s.o s.o s.o s.o S.1 . .. .. .. .. ......... .. ........ .. ..... -. . ........... . ........... .............. .............. 

12.30 SUBTOTAL ss.s S.7 S.4 S1.7 S1.7 s.o S8.l 
........................................ .. ............................................. 

S6.6 S1.7 

1~30 from the Dallas CBD to Belt Line Road 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor: 
Alternative: 

Freeway Section: 
Section Umlts: 
Length (Miles) 
length Al-Oracle 
length Elevated 

Traffic Inputs: 
FreewayADT 
HOVAOT 
AD Transit Riders 
Freeway K 
FreewayO 
C..rpoolOccupancy 
GP Occupancy 

Lane Inputs: 
Existing Lanes 
Proposed Lanes: 
General Purpose Free 
General Purpose Toll 
Express Reversible 
Express Bi-directional 
Toll Reversible 
Toll Bi-directiona I 
HOV Reversible 
HOV Bi-directional 
HOT Reversible 
HOT Bi-directional 

Interstate 635 LBJ 
7 GP&HOV2+ 

2 3 
Ryl.· 190 190 • IJSE IJSE-ONT 

5.~, 1.631 
0.95 

4.071 
0.67 

62.088 202.610 395.492 
1.184 10.847 12,262 

0 389 1.276 
0.08 0.08 o.oa 
0.60 0.60 0.50 
2.20 2.20 2.20 
1.05 1.05 1.05 

61 al 
4 10 10 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 1 0 
0 0 4 
0 0 0 
OI 0 0 

Peak Hour Peak Direction Volume per Lane: 
General Purpose 
Express/Toll 
HOV/HOT 
T ranslt Riders (Persons) 
Occupancy 
Veh Distance of Travel 

1.359 
0 
0 
0 

1.32 
15.J2a 

1.428 2,158 
0 0 

1.800 1.795 
97 0 

1.65 1.40 
23.059 68.163 

Peak Hour Off Peak Direction Volume per Lane: 
General Purpose 
Express/Toll 
HOV/HOT 
Transit Riders (Persons) 
Occupancy 
Veh Distance of Travel 

Costs ($Million): 
Construction Cost 
Right of Way Cost 
Operations Cost 
Pk Hr Recmt Congstn Cost 
Recmt Congstn Cost 
Subtotal Costs 
NonrKmt Congstn Cost 
Emissions Cost 
Fuel Consumption Cost 
Total Costs (SMJ 

933 
0 
0 
0 

1.23 
10.521 

SJ.79 
S0.00 
SO.JS 
S0.00 
$0.00 

$0.00 
$1.47 
$0.67 
$6.28 

1.213 2.256 
0 0 
0 1.585 
0 685 

1.37 1.39 
15.649 68,481 

$8.24 $18.79 
$0.00 $1.92 
S0.00 S0.00 
S0.00 S2.4a 
S0.00 $2.48 

S0.07 $7.08 
$2.09 $6.87 
S0.93 SJ.OJ 

$11.34 $40.17 

51 

Design Year: 2015 

4 5 6 7 

ONT-US75 0 0 0 

J.181 
0.28 ~I ~I ~I 

422.919 0 0 0 
10.a95 0 0 0 

1.4a1 0 0 0 
o.oa 0.09 0.09 0.09 
0.50 0.65 0.57 0.57 
2.20 2.20 2.20 2.20 
105 1.05 1.05 1.05 

al ol 01 ol 

12 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
4 0 0 0 
0 0 0 0 
0 0 0 0 

1.945 0 0 0 
0 0 0 0 

1.a7J 0 0 0 
0 0 0 0 

1.34 0.00 0.00 0.00 
53.336 0 0 0 

2.009 0 0 0 
0 0 0 0 

1.685 0 0 0 
795 0 0 0 
1.Ja 0.00 0.00 0.00 

53.360 0 0 0 

$14.72 S0.00 $0.00 $0.00 
$2.81 S0.00 S0.00 S0.00 
$0.00 S0.00 S0.00 $0.00 
$0.36 $0.00 $0.00 $0.00 
S0.36 $0.00 S0.00 $0.00 

$1.12 S0.00 S0.00 $0.00 
$5.19 S0.00 S0.00 $0.00 
$234 S0.00 S0.00 S0.00 

$2653 $0.00 $0.00 $0.00 

18.Jul-97 

8 
0 

~I 

0 
0 
0 

0.09 
0.57 
2.20 
1.05 

ol 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.00 
0 

0 
0 
0 
0 

0.00 
0 

Subtotals 
S0.00 $45.54 
$0.00 $4.73 
S0.00 $0.35 
$0.00 $2.84 
$0.00 $2.84 

$56.30 
$0.00 $8.28 
S0.00 $15.62 
S0.00 $6.96 
S0.00 $84.32 



PROPOSED LANES ........ ~ ......... -.............. 

VI 
LENGTH (HI) EXPRESS HOV CRITICAL lANE VOl TRANSIT CONS TR 

N ·••••·• ·· •· EXIST GEN ••• • ··· ·· • · • · ·· · · ·· · · ·· · · · ·•··•• • RIDERSHIP COST 
Al TERNAT I VE SECTION A·G ELEV LANES PUR AG ELEV AG ELEV GEN.PUR, EXP HOV (PERSONS) ($ H) . . . . .. . . .. . . . . .. . . . .. .. .. . . . . . .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. ............. . . . .. . . .. .. . . . .. .. .. .. .. .......... 

7 Gen. Purp. RYL·SH190 5.64 .00 4 4 0 0 0 0 1307 0 0 0 S.2 
& HOV <2+) 190· t35E 1.63 .95 6 10 0 0 1 0 1608 0 1200 97 S2.9 
(Elevated) 135E·ONT 4.07 .67 8 10 0 0 0 4 1960 0 2000 0 $12.4 

ONT ·US75 3.18 .28 8 10 0 0 0 4 2000 0 2000 0 $9.0 ........ .. ......... 
14.52 SUBTOTAL $24.5 

I-635 from Royal Lane to US 75 

R .0,\/. o&H 
COST COSTS 

(S H) (S H) 
.. ......... .. ......... 

s.o S.4 
s.o s.o 

s1.o s.o 
S.7 s.o 

.. . .. .. .. .. ............. 
S1.7 S,4 

S26.5 

PIC HOUR 
GEN·PURP 
CONGEST 

COST 
($ H) 

.. .. -.......... 
s.o 
s.o 

S1.0 
S1.4 

.. ............ 
$2.4 

EB 
\Ill 

TOTAL 

TOTAL 
GEN·PURP 
CONGEST 

COST 
($ H) 

.. .. .. . .. . .. .. 
s.o 
s.o 

S1.0 
S1.4 

.. ............. 
S2.4 

S2.4 
S2.4 

$4.7 

TRANSIT 
CONGEST TOTAL 

COST COST 
(SH) ($ H) 

.. .......... " - ............. 
s.o S.5 
s.o S2.9 
s.o Sl4.3 
s.o S11.1 

.. .. .. .. . .. . .. .. .. "' ...... 
s.o $28.9 

S2.4 

S3t.2 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor: 
Alternative: 

Section Umits: 
Length (Miles! 
Lenglh At-Grade 
Leng1h Elevaled 

Traffic Inputs: 
Freeway ADT 
HOVADT 
AD Transit Riders 
Freeway K 
FreewayD 
Carpool Occupancy 
GP Occupancy 

Lane Inputs: 
Existing Lanes 
Proposed Lanes: 
General Purpose Free 
General Purpose ToQ 
ExptHs Reversible 
EXpnlSS Bl-direc:tiomll 
T 011 Revers Ible 
T o11 Bi-<lirectionill 
HOV Reversible 
HOV Bi-direaional 
HOT Reversible 
HOT Bi-<lireetional 

ln1erslale 635 LBJ 
9 GP&HOV2• 

2 3 
75-Skmn. Skl.-Oar Gar·IH30 

3~1 ~;! 351 
0.4 

300.236 195.092 212.454 
4.257 4.748 5.824 

86 86 1.800 
0.08 0.09 0.09 
0.55 0.65 0.65 
2.20 2.20 220 
1.05 1 OS 1.05 

sl al al 
10 8 8 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
2 2 2 
0 0 0 
0 0 0 
0 0 0 

Peak Hour Peak Direction Volume per Lane: 
General Purpose 
ExpresslToll 
HOVIHOT 
Trans it Riders (Persons) 
Occupancy 
Veh Distance of Travel 

1,891 
0 

1.348 
so 

1.34 
38.876 

1.900 l.993 
0 0 

1.130 1.247 
so 770 

1.41 1 53 
36,575 40.816 

Peak Hour Off Peak Direction Volume per Lane: 
G-ral Purpose 
Express/Toll 
HOVIHOT 
Transit Riders (Persons! 
Occupancy 
Veh Distance of Travel 

Costs ($Million): 
Construc:tion Cost 
Right of Wll'f Cost 
Opemions Cost 
Pk Hr Reem! Congstn Cost 
Recmt Congstn Cost 
Subtotal Costs 
Nonrec:mt Congstn Cosl 
Emissions Cost 
Fuel Consumption Cost 
Total Costs (SM! 

2.162 
0 
0 
0 

1 OS 
34.5a7 

$9.73 
$0.SZ 
SO.JS 
$0.42 
S0.42 

Sl.86 
Sl.86 
Sl.75 

$18.48 

1.451 1.580 
0 0 
0 0 
0 0 

1.05 1.05 
21.475 24.650 

S10.42 SIO.a9 
$0.00 $0.00 
SO.DO SO.DO 
$0.05 $0.15 
SOOS so 15 

so1a S0.37 
Sl.04 $339 
Sl.36 SI 52 

$15.05 S16.32 

53 

Design Year: 2015 

4 5 6 7 
IH30-US80 USIO-IH20 0 0 

~I o:I ~I ~I 

178.744 165,759 0 0 
3.ns 3.821 0 0 

0 0 0 0 
0.09 0.09 0.09 0.09 
0.60 0.60 0.69 0.57 
2.20 2.20 2.20 2.20 
105 1.05 1.05 1.05 

al aj oj ol 
8 8 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

2.097 1.943 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1.39 1.41 0.00 0.00 
16,776 50.523 0 0 

1.519 1.409 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1.05 1.05 0.00 0.00 
12.155 36.633 0 0 

S2.62 SS.79 SO.DO SO.DO 
$0.00 SO.DO SO.OD SO.OD 
SO.DO S0.00 $0.00 SO.DO 
S0.17 S0.20 S0.00 S0.00 
S0.17 S0.20 SO.DO S0.00 

S0.59 S0.52 S0.00 SO.DO 
Sl.61 $4.84 SO.DO SO.DO 
S0.74 $2.23 SO.DO S0.00 
SS.73 S16.5a S0.00 SO.DO 

11.Jul-97 

8 
0 

~I 

0 
0 
0 

0.09 
0 57 
2.20 
1.05 

oj 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

000 
0 

0 
0 
0 
0 

0.DO 
0 

Subtotals 
SO.DO S42.4S 
SO.DO S0.52 
SO.DO S0.35 
S0.00 S0.99 
SO.DO S0.99 

$45.30 
SO.DO S3.52 
SO.OD S16.74 
S0.00 $7.60 
SO.DO $72..17 



PROPOSED LANES PK He.JR TOTAL 
..................................... GEN•PURP GEN·PURP TRANSIT 

LENGTH (Ml) EXPRESS HOV CRITICAL LANE VOL TRANSIT CONS TR R.0.11. o&M CONGEST CONGEST CONGEST TOTAL 
•· •••• • ••·• EXIST GEN • ·· •• ·· ··•• · ·•· ·• · · • · · · • · · •··• ••• RIDERSHIP COST COST COSTS COST COST COST COST 

ALTERNATIVE SECTION A•G ELEV LANES PUR AG ELEV AG ELEV GEN. PUR. EXP HOV (PERSONS) CS M) (S M) (S M) (S M) (SM) (SM) (S M) 
............. ........... ..... ..... ...... ··- .. ··-· ... . .. . . . ............ . .. ...•.•...••. ·-···· . ...... ........ . .......... . ........ . ................ 

Ul 
.::.. 9 Gen, Purp. USTS·SKMN 3.20 .oo a 10 0 0 2 0 1976 0 1352 63 S2.6 s.o S.4 S.3 S,3 s.o S3,2 

& HOV 2+ SKMN·GRLO 3.20 .50 a a 0 0 2 0 1993 0 1133 63 S2.0 s.o $.0 s.3 $.3 s.o S2.3 
(At•grade) GRLO·IH30 3.50 .40 a a 0 0 2 0 2171 0 1248 450 S2.1 s.o s.o $1.0 s1.o s.o S3.0 

IH30·US80 2.00 .oo a a 0 0 0 0 2173 0 0 0 $.1 s.o $.0 S.5 S.5 s.o S.6 
US80·1H20 6.00 .50 8 8 0 0 0 0 2014 0 0 0 s.2 s.o s.o S1,5 S1.5 s.o S1.7 

-···· ....... ····-· ....... .. ........... .. .......... ··--·-·· ........... 
17.90 SUBfOTAl 16.9 s.o S.4 S3.5 S3.5 s.o S10.8 

S7.2 S3.5 

1-635 from US 75 to 1-20 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor: 
Alternative: 

Freeway Section: 
Section Limits: 
Length {Miles) 
Length At-Grade 
Length Elevated 

Traffic Inputs: 
F-yADT 
HOVAOT 
AD Transit Riders 
F-yK 
FreewayO 
Carpool Occupancy 
GP Occupancy 

Lane Inputs: 
Existing Lanes 
Proposed Lanes: 
General Purpose Free 
General Purpose Toll 
Express Reversible 
Express Bi-directional 
Toll Reversible 
Toll Bi-dintetional 
HOV Reversible 
HOV Bi-directional 
HOT Reversible 
HOT Bi-directional 

State Highway 161 
5 GP & Express 

2 3 
IH30-IH20 IHJ0-183 183-Bell. 

0.45: 
5.5, 5.831 

0.17 o.il 

61,889 151,962 171,307 
1 8,337 12.063 
0 0 0 

0.095 0.095 0.095 
0.65 0.6 0.55 
2.20 2.20 2.20 
1.05 1.05 1.05 

ol ol ol 
4 6 8 
0 0 0 
0 2 2 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Peak Hour Peak Direction Volume per Lane: 
General Purpose 
Express/Toll 
HOV/HOT 
Transit Riders (Persons) 
Occupancy 
Veh Distance of Travel 

1,911 
0 
0 
0 

1.05 
22.739 

1,869 1.734 
1.869 1,734 

0 0 
0 0 

1.46 1.54 
56.064 34.336 

Peak Hour Off Peak Direction Volume per Lane: 
General Purpose 
Exprns/T oll 
HOV/HOT 
Transit Riders (Persons) 
Occupancy 
Veh Distance of Travel 

Costs ($Million): 
Construction Cost 
Right of Way Cost 
Operations Cost 
Pk Hr Recmt Congstn Cost 
Recmt Congstn Cost 
Subtotal Costs 
Nonrecmt Congstn Cost 
Emissions Cost 
Fuel Consumption Cost 
Total Costs (SM) 

1,029 
0 
0 
0 

1.05 
12.244 

$7.92 
$0.00 
$0.30 
$0.05 
$0.05 

$0.34 
$1.96 
$0.90 

$11.47 

1,925 1.831 
0 0 
0 0 
0 0 

1.05 1.05 
34,647 24,167 

$14.12 $8.98 
S0.57 S0.85 
$0.00 S0.00 
S0.13 $0.00 
$0.13 S0.00 

$1.07 $0.30 
$4.83 $3.19 
$2.22 $1.44 

$22.95 $14.76 

55 

Design Year: 2015 

4 5 6 7 

Bell·IH635 0 0 0 

2.141 
0.17 ~I ~I ~I 

215,338 0 0 0 
12.280 0 0 0 

0 0 0 0 
0.095 0.085 0.09 0.09 

0.55 0.65 0.57 0.57 
2.20 2.20 2.20 2.20 
1.05 1.05 1.05 1.05 

ol ol ol ol 
10 0 0 0 

0 0 0 0 
2 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1,779 0 0 0 
1,779 0 0 0 

0 0 0 0 
0 0 0 0 

1.49 0.00 0.00 0.00 
28,766 0 01 0 

1,841 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1.05 0.00 0.00 0.00 
21,265 0 0 0 

$7.02 $0.00 S0.00 $0.00 
$0.97 so.co $0.00 $0.00 
$0.00 $0.00 $0.00 $0.00 
$0.00 $0.00 $0.00 $0.00 
$0.00 $0.00 $0.00 S0.00 

$0.31 $0.00 S0.00 $0.00 
$2.75 $0.00 $0.00 $0.00 
$1.25 $0.00 S0.00 $0.00 

$12.29 $0.00 S0.00 S0.00 

17..Jul-97 

a 
0 

~I 
0 
0 
0 

0.09 
0.57 
2.20 
1.05 

ol 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.00 
0 

0 
0 
0 
0 

0.00 
0 

Subtotals 
$0.00 $38.03 
$0.00 $2.38 
$0.00 $0.30 
$0.00 $0.18 
$0.00 $0.18 

$41.07 
$0.00 $2.03 
$0.00 $12.73 
$0.00 $5.81 
S0.00 $61.46 



PROPOSED LANES PIC HOOR TOTAL ........................ GEN·PURP GEN·PURP TRANSIT 
LENGTH (MI) EXPRESS HOV CRITICAL LANE VOL TRANSIT CONS TR R.o.w. o&M CONGEST CONGEST CONGEST TOTAL 
···········EXIST GEN ••••••• ••·••••• •··••··••••••·•••• RIDERSHIP COST COST COSTS COST COST COST COST 

V'I ALTERNATIVE SECTION A·G ELEV LANES PUR AG ELEV AG ELEV GEN.PUR. EXP HOV (PERSONS) (S M) (S M) (S M) (S H) (S Ml (SH) (S Ml 0\ ...................................................... . . . .. . ............. . .. ..... ........... ......... .. ....... .. . .. . .. . .. ........ -. .. .......... "' . .. .. "......... .. ........... 
10 Gen. Purp. IH20·IH30 5.50 .45 0 4 0 0 0 0 1661 0 0 0 S7.9 s.o S,4 s.o s.o s.o S8.3 

HOV 2+ IH30· 183 5.83 .17 0 6 0 0 2 0 1945 0 1436 0 S14,5 s.o s.o S.3 S.3 s.o S14.9 
(Elevated) 183•BLTLN 3.00 .30 vO 8 0 0 0 2 1813 0 1597 0 S9.8 S.3 s.o s.o s.o s.o S10.0 

BLTLN·635 2.11, .17 ~o 8 0 0 0 2 2023 0 1913 0 S6.8 S.2 s.o S.6 S.6 s.o S7.6 
.oo .oo 0 0 0 0 0 0 0 0 0 0 s.o s.o s.o s.o s.o s.o s.o 
.oo .00 0 0 0 0 0 0 0 0 0 0 s.o s.o s.o s.o s.o s.o s.o ........ .. . .. . .. . . ...... . ...... "' .............. . ........... - ..................... 

16.47 SUBTOTAL S39.0 S.5 S.4 S.9 S.9 s.o 140.8 
................................. . .................................... 

S39.9 S.9 

SH 161 from 1-20to1-635 
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System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor: 
Alternative: 

~l-: 
lenglll (llliles) 
Leng!llAl-Glme 
lenQ!hE!evated 

Traffic Inputs: 
F-ADT 
HOVADT 
ADTransltRlders 
F_,,yK 
F-rD 
catpool Occupancy 
GP Occupancy 

Lane Inputs: 
&Isling Lanes 
p_..i laruls: 
Gltneral PutpOM f'tee 
Gen- Purpose Toll 
E,._s Rev At-GrM9 
ea_. Rev E-red 
Ex-s Bi-clrct At-Gtacle 
El<pNss Bi-clrct Elo¥ared 
Toll Rw At-G.-
Toll Rw Elevared 
Toll Bklrct At-G.-
Toll Bi-clrct Elevared 
HOV Rev At-G.-
HOV Rev Elevared 
HOV Bl-clrct At-Gnlde 
HOV Bi-clrct Elev­
HOT Rell At-Gnlde 
HOT R ... Elevated 
HOT Bl-clrct At-Grade 
HOT lli-cln:t Elevated 

Interstate JO West of CBO 
3 Mobifity Plan 

1 2 3 
360-161 161 ·1.1>12 1.1>12-Ham 

us' 0.2 
6.391 
0.31 

2951 
0.26 

226.191 196.516 189.372 
11.148 10.366 10.977 

0 0 0 
0.09 0.09 O.ll!I 
0.60 0,65 0.65 
2.20 2.20 2.20 
1.05 1.05 1.05 

10 10 8 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
2 2 2 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Peak Hour Peak Direction Volume per Lane: 
GenenlPutpOM 
ExpntU/Toll 
HOVIHOT 
Transit Riclen (Personsl 
Occupancy Ra!At 

1.444 
0 

2.000 
0 

1.46 

1.-440 
0 

1.772 
0 

1.43 

Peak Hour Off Peak Direction Volume per Lane: 
Gen- Purpose 
E_.n"oll 
HOVIHOT 
Transit Rideni (Pen.onsJ 
Occupancy Ra!AI 

Costs ($Million): 
Consuuction Cost 
Right of Way Cost 
Op«allofls Cost 
Pk Ht RKmt Congstn Cost 
Rec:mt Congstn Cost 
Su-I Costs 
Nonnoc:mt Congstn Cost 
Emissions Cost 
f'uel Consumption Cost 
Toll Cost 
TollR-uel4"') 
Total Costs ($Iii) 

Toll Costs 
Peal<Hour 
Peal< PeriOd Shoulde< _..... 
on Peak PeriOd Hows 

1.574 
0 
0 
0 

1.13 

$4.4' 
$0.24 
$0.35 
$0.09 
$0.09 

$0.38 
$2.30 
$1.12 
$0.00 
$0.00 
$8.91 

1.211 
0 
0 
0 

1.15 

$14.93 
$2.26 
$0.00 
$0.00 
$0.00 

$0.25 
$6.95 
$3.3' 
$0.00 
$0.00 

$27.72 

1.693 
0 

1.641 
0 

1.43 

1.560 
0 
0 
0 

1.22 

$6.13 
S0.51 
$0.00 
$0.00 
$000 

$0.10 
$3.17 
$1.53 
$0.00 
$0.00 

$11.45 

Oe$1gn Year: 

4 5 
Ham-Tlirl Tlirl-t35E 

o~I o~I 

211.582 153,713 
10.977 8.488 

0 0 
0.09 0.09 
0.65 0.85 
2.20 2.20 
I.OS 1.115 

6) sl 
8 8 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

2.000 1.657 
0 0 

1.641 1,800 
0 0 

1.38 1.53 

1.725 t.107 
0 0 
0 0 
0 0 

1.21 1.08 

$4.-40 SO.Ill 
$0.36 $0.07 
$0.00 $0.00 
$0.10 $0,00 
$0.10 $0.00 

$0.35 $0.01 
$2.50 $028 
$1.22 S0.14 
$0.00 $0.00 
$0.00 S0.00 
$8.93 $1.32 

59 

2020 

6 
0 

~I 
0 
0 
0 

0.09 
0.60 
2.20 
1.05 

ol 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.00 

0 
0 
0 
0 

0.00 

S0.00 
$0.00 
$0.00 
$0.00 
S0.00 

$0.00 
$0.00 
$0.00 
$0.00 
$0.00 
$0.00 

9.Sep.97 

1 8 
0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

ol OJ 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

$0.00 $0.00 $30.71 
$0.00 S0.00 $3.45 i 

$0.00 $0.00 S0.35 I 
$0.00 $0.00 $0.191 
$0.00 $0.00 $019 

$34.70 

$0.00 $0.00' $1.09 
$0.00 $0.00 $15.19 
S0.00 $0.00 $7.35 
$0.00 $0.00 $0.00 
S0.00 $0.00 $0.00 
$0.00 $0.00 $$8.33 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Conidor: 
Alternative: 

Freeway Section: 
SKtioft Limits: 
Lengtll (Milesl 
Lef19111Al~ 
Length Elevated 

Traffic Inputs: 
F-yADT 
HOVADT 
ADTransltRldefs 
F-arK 
F-arD 
Carpool Occupancy 
GP Occupancy 

Lane Inputs: 
Existing Lanes 
p..,_..i unes: 
Gloneml'utpOMFrH 
General PurpoM Toll 
Ellpt9Ss R- At-Grade 
&pntU Rev Ekwated 
Ex-s Bl-drct At-Grade 
Ellpt9Ss 81-drct Ekw­
Toll - At-Oracle 
TollR-Ekwatecl 
Ton Bi-drctAt-Orade 
Ton Bl-drct Elev­

HOV - At-Orad• 
HOV Rev Ekwated 
HOV 81-drct At-Grade 
HOV Bi-drct Ekwated 

HOT - At-Grade 
HOTRevElev-
HOT 81-drct At-0-e 
HOT 81-drct Elevated 

Interstate 30 West of CBD 
7 GP&HOT 

2 3 
360· 161 161 • l.P12 l.Pl2·Ham 

1:~1 6.39, 
0.31: ~::I 

226.191 196.516 189,372 
11.148 10,366 10.977 

0 0 0 
0.ll9 0.09 0.09 
o.60 0.65 0.65 
2.20 2.20 2.20 
1.05 1.05 1.0S 

s! 6! 6! 

8 8 8 
0 0 0 
0 0 01 
0 0 01 
0 0 o: 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
2 2 2 
0 0 0 
0 0 0 
0 0 0 

Peak Hour Peak Direction Volume per Lane: 
Gloneral Purpose 
Ex-"1Toll 
HOVIHOT 
Transit Riders !Persons) 
Occupancy Rate 

I 
1.803 

0 
2.000 

0 
1.46 

1,689 
0 

1.879 
0 

1.46 

Peak Hour Off Peak Direction Volume per Lane: 
GllMral Purpose 
Ex-"1Toll 
HOVIHOT 
Tnnslt Riders (Persons! 
Occupancy Rate 

Costs ($Million): 
Consttu<:lion Cost 
Ftivht of Way Cost 
Opomions Cost 
Pk Hr Recmt COft!l'ltn Cost 
Recmt Congstn Cost 
Sublotal Costs 
Nonrecrnt Cong11tn Cost 
Emissions Cost 
Fuel Consumption Cost 
Toll Cost 
TollRevtnue(-$11) 
Total Costs ($Ml 

Toll Costs 
Peak Hour 
Peal< Period ShCYkler Houts 
Off Pea• Penod Houts 

1.967 
0 
0 
0 

1.13 

13.76 
$0.00 
$0.35 
$0.16 
$0.16 

$0.63 
$2.25 
SUI 
$0.00 
S0.00 
$8.25 

1.514 
0 
0 
0 

1.15 

$12.63 
$0.83 
$0.00 
$0.05 
$0.05 

$0.69 
$6.77 
S3.26 
$0.00 
S0.00 

$24.23 

1.693 
0 

1.641 
0 

1.43 

l.11 
1.22 1 

$6.13 
S0.51 
S0.00 
S0.00 
$0.00 

S0.10 
S3.17 
$1.53 
S0.00 
$0.00 

$11.45 

Design Year: 

4 5 
Ham-Trin Trin-135E 

o~I o.~I 

211,582 1$3,713 
10.9n 8.488 

0 0 
0.09 0,09 
0.65 0.65 
2.20 2.20 
I.OS 1.05 

61 

8 6 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 O· 
2 2 
0 0 
0 0 
0 0 

1.882 1.531 
0 0 

1.877 1.827 
0 0 

1.38 1.56 

1.725 1.476 
0 0 
0 0 
0 0 

1.21 1.081 

$UO $0.72 
$0.36 $0.04 
$0.00 $0.00 
$0.()4 $0.00 
$0.04 $0.00 

$0.37 $0.02 
S2.S2 $0.25 
$1.23 S0.12 
$0.02 $0.00 
S0.02 $0.00 
$8.92 $1.16 

60 

2020 

6 
0 

~I 
0 
0 
0 

0.09 
0.60 
2.20 
1.05 

ol 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.00 

0 
0 
0 
0 

0.00 

$0.00 
S0.00 
S0.00 
S0.00 
S0.00 

S0.00 
$0.00 
$0.00 
$0.00 
$0.00 
$0.00 

9.S.p-97 

7 a 
0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 I.OS 

o! 01 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

$0.00 $0.00 $27.64 
$0.00 S0.00 $1.75 
$0.00 $0.00 $0.35 
$0.00 $0.00 $0.25 
$0.00 S0.00 $0.25 

$29.99 
$0.00 $0.00 $1.81 
$0.00 $0.00 $14.97 
S0.00 $0.00 $7.25 
$0.00 $0.00 $0.02 
S0.00 $0.00 $0.02 
$0.00 $000 $5C.01 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor: Interstate 30 ERL T Design Year: 
Attemalive: 3 Mobility Plan 

2 3 4 5 
Section~; 

l*"lllll (lliltsl 
Le1191!1AI~ 

l""9111E-

CS[).P- Peak-Gmd Gmcl-Ferg Fer;-US80 useo-LBJ 

Traffic Inputs: 
F,._yADT 
HOVADT 
AD TransitRldars 
F,._yK 
F,._yD 
C..rpool Occllp.11ncy 
GP Occup.11ncy 

Lane Inputs: 
Exislia!l l.anes 
Propc>Md Lanes: 
Genel'lllPurpoHFrff 
Gen.,..I PurpoH Toll 
Exprus RAw Al-Grad• 
Ex-sRAwE ......... 
Exprus 81-cln:t Al-Gtad<t 
Exprus Bi-cln:t Elwaled 
Toa Rw At-Grad• 
TOii Rev E...,ated 
ToU Bi-cln:t Al-Or.ad<t 
T oll Bi-cln:t E-IH 
HOV R.., Al-Onida 
HOV Rn e....a!H 
HOV Bi-cln:t Al-Grad• 
HOV Bi-clrc:I E...,ai.d 
HOTRAwAt-Grada 
HOT RAw Elevai.d 
HOT Bi-cite! At-Gnide 
HOT Bi-dtct Elevated 

~I 

220.354 
17.094 
2.598 
0.09 
0.69 
2.20 
1.05 

101 

10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 

1.~I 

237.829 
13.793 
2.598 
0.09 
0.69 
2.20 
1.05 

sl 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 

Peak Hour Peak Direction Volume per Lane: 
GeneralPurpoH 
Exprus/Toll 
HOV/HOT 
Tninsil Riden (Personsl 
Occup.11RCy Rate 

1,993 

0 
2.000 

546 
1.44 

2.172 
0 

l.948 
546 
1.39 

Peak Hour Off Peak Direction Volume per Lane: 
Gen•nil Purpose 
Exprns/TOll 
HOV/HOT 
Transit Riden (P.rsonsj 
Occ-yllata 

Costs {$Million): 
Conslnlciion Cost 
Right of Way Cos! 
Open11ion• Cost 
Pit Hr Reem! Congstn C-t 
R.cmt ~sin Cos! 
SubtolalCosts 
Nonrecmt Congsln Cost 
Emissions Cost 
Fufi Consumption Cost 
Toll Cost 
Toll R.....,u• I-SUI 
Total Costs ($111 

Toll Costs 
Peal<Hour 
Pull Period Shoulder Houts 
Oii Peale Period Houts 

1.277 1.306 
0 0 
0 0 

180 180 
1.26 1.19 

$3.06 $3.11 
S0.21 S0.28 
$0.35 S0.00 
$0.10 $0.21 
$0.10 $0.21 

$0.35 $1.00 
$1.43 $1.98 
$0.71 $0.98 
S0.00 $0.00 
S0.00 SO.OD 
$6.21 $7.56 

o~I 2:1 3~1 

249.622 227.719 176.001 
13.217 13.217 9.076 
2.598 3.383 3.196 

0.09 0.09 0.09 
0.69 0.69 0.69 
2.20 2.20 2.20 
1.05 1.05 1.05 

al el 6J 
10 10 8 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 2 
2 2 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

2.319 2.063 2.016 
0 0 0 

1.934 1.936 1.458 
546 S69 S69 

1.37 1.40 140 

1.346 1.231 1.141 
0 0 0 
0 0 0 

180 3S3 306 
1.16 uo 115 

$3.92 $8.114 $9-72 
S0.32 S0.22 $0.07 
so.oo $0.00 $0.00 
Sl.40 $0.29 S0.18 
$1.41 $0.29 $0.18 

$2.85 $0.97 $0.47 
$2.50 $3.76 $3.60 
$1.22 $1.86 $1.87 
S0.00 $0.00 S0.00 
S0.00 $0.00 $0.00 

$12.22 $15.94 $16.12 

61 

2020 

6 
LSJ..Bellln 

2~1 

192.'469 
11.010 

0 
0.09 
0.69 
2.20 
1.05 

SJ 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 

2.181 
0 

1.697 
0 

1.37 

1.204 
0 
0 
0 

1.11 

$7.15 
$0.05 
$0.00 
$0.28 
S0.28 

SU3 
$3.10 
$1.51 
$0.00 
$0.00 

$13.52 

5.S.p-97 

7 8 
0 0 

:1 :1 
0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

ol OJ 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

Su-ls 
$0.00 S0.00 $35.80 
S0.00 S0.00 $1.16 
$0.00 $0.00 $0.35 
S0.00 S0.00 $2.<CG 
S0.00 so.oo $2.47 

$39.77 
$0.00 S0.00 $7.07 
$0.00 $0.00 $16.58 
$0.00 $0.00 $8.15 
$0.00 $0.00 S0.00 
$0.00 $0.00 $0.00 
$0.00 $0.00 $71.57 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
S~t<tm of Units: US 

Corridor: Interstate 30 ERLT Design Year: 
Alternative: 7 GP&HOT 

1 2 3 4 5 
Section Limits: Cao.Peak Peak-Gmd Gmcl.f'erg Ferg.US80 USIJO.l£1J 
Let191h (Miles) 
Lengt!IAI~ 

Lengtll Eie.ated 

Traffic Inputs: 
F.-yADT 
HOVADT 
AD Transit Rld...s 
F-K 
F-D 
c..rpool Occupancy 
GP Occupancy 

Lane Inputs: 
&isling !Ann 
ProposedL_,.: 
General Purpose Free 
General Purpose Toll 
E- R<tY At-Grade 
EJ:prns R<tY EleV­
E1t-s 81-<lt'CI. At-Grade 
EJ:prns 81-drct E....,_ 
Toa R<tY At-Gnld<I 
TollRne.....awcs 
TOUBl-dt'Cl.At-Gtade 
Toll 81-drct E""'allld 
HOV RllY At-Grade 
HOVR<tYE....,_ 
HOV 81-dt'Cl. At-Grade 
HOV Si-drct E""'ated 
HOT Rev At-Grade 
HOTR<IYE""'ated 
HOT 81-<lrct At-Grade 
HOT 81-dn:t Elevated 

I 

~I 

220.354 
17,094 
2,596 

0.09 
0.69 
2.20 
1.05 

!Of 

10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 

'~I 
237,829 

13.793 
2,596 
0.09 
0.69 
2.20 
1.05 

8f 
10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 

Peak Hour Peak Direction Volume per Lane: 
GenenlPurpose 
EJ:_..n'Oll 
HOVIHOT 
Transit Riders (Persons) 
Occupancy Rate 

1,B74 
0 

1.532 
546 

1.44 

1.903 
0 

1.7'6 
546 
1.39 

Peak Hour Off Peak Direction Volume per Lane: 
General PurpoH 
Expnoss/Toll 
HOVIHOT 
T ranslt Rideno (Pflsons) 
Occu-Rate 

Costs ($Million): 
Conslnletlon Cost 
Right of Way Cost 
Openllons Cost 
Pl< Hr Rcrrtt Congscn Cost 
Reemt Congscn Cost 
Sublo«a!Costs 
Nonr.cmt Congstn Cost 
Emissions Cost 
Fuel Consumplion Cost 
Tol'!Cost 
Toll -ue (-$Ml 
Total Costs (SM) 

Toll Costs 
PeakHour 
Peak Period Shoulder Ho<n 
Oii Peak Period Ho<n 

1,277 
0 
0 

180 
1.26 

$3.40 
S0.21 
S0.35 
S0.01 
$0.01 

S0.07 
St.47 
$0.71 
SO.OD 
$0.0D 
$6.22 

1.306 
0 
0 

180 
1.19 

S3.54 
$0.28 
SO.DO 
S0.03 
$0.03 

S0.22 
S2.02 
S0.98 
S0.01 
$0.01 
$7.06 

o~I 2.~, 3:1 

249.622 227.719 176,001 
13.217 13,217 9.076 
2.596 3.383 3.196 
0.09 0.09 0.09 
0.69 0,69 0.69 
2.20 2.20 2.20 
1.05 1.05 1.05 

al Bf 6f 
10 10 B 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 2 
3 3 0 
0 0 0 
0 0 0 

1.94-4 1.885 1.883 
0 0 0 

1.914 1.586 1.725 
546 569 569 
1.37 1.40 1.40 

1.346 1,231 1,141 
0 0 0 
0 0 0 

180 353 306 
1.16 120 1.15 

$4.42 $9.71 $9.72 
S0.32 S0.22 S0.07 
SO.DO S0.00 SO.OD 
S0.10 $0.03 S0.03 
S0.10 S0.03 $0.03 

S0.47 $0.24 S0.31 
$2.45 $3.86 $3.87 
Sl.21 S1.87 St.88 
S0.01 S0.01 S0.01 
S0.01 S0.01 S0.01 
$8.97 $15.94 $15.88 

62 

2020 

6 
LBJ.Bellln 

2:1 

192.469 
11,010 

0 
0.09 
0.69 
2.20 
1.05 

Bf 

8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 

1,896 
0 

1.511 
0 

1.37 

1.264 
0 
0 
0 

1.11 

$7.74 
S0.37 
S0.00 
S0.03 
S0.03 

S0.25 
$3.13 
$1.51 
S0.01 
$0.01 

$13.05 

5-Sep.97 

8 
0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

Of o! 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 o. 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

O.DO 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

Su-ls 
SO.DO SO.DO $38.54 
S0.00 S0.00 $1.48 
SO.OD S0.00 S0.35 
SO.OD SO.DO S0.23 
SO.OD SO~OO $0.23 

$40.60 
SO.OD SO.DO $1.56 
SO.DO SO.DO $16.80 
S0.00 SO.DO SB.17 
SO.DO SOOD S0.04 
SO.OD SO.DO S0.04 
SO.OD sooo $67.U 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
Syslem ol Units: US 

Corridor: Interstate 635 LBJ Design Year: 
Alternative: 3 Motiility Plan 

Freeway Section: 1 2 3 4 

Section limits: 
lenglb (MllH) 
l.eng1h Al-Grade 
~englhElevated 

Ryt.·S190 S190-135E 135E-ONT ONT-US75 

Traffic Inputs: 
F-AOT 
HOVADT 
AOTransllRidel'$ 
F-K 
F,_.yO 
Carpool Occupancy 
GP Occupancy 

Lane Inputs: 
Existing Lanes 
Pf'O!IOS<ld Lanes: 
Gt,,.,,.I Purpose FfM 
Gone.al Purpose Toll 
Ex-s Rn Ai.Grad• 
Ex-s Rev Elevaled 
Exptns Bi..Srct At-Gradtl 
Ea- Bi..srct Elevaled 
Toll Rw At-Gtade 
TollR<WE-
Toll Bi..Sn:t At-Grade 
Toll Bi..Sn:IE!evaled 
HOV Rn At-Grade 
HOV R.., Elevaled 
HOV Bklrct At-Grade 
HOV Bi"""'t Elevaled 
HOT Rev At-Grade 
HOT Rev Elevaled 
HOT Bi..Sn:I At-Grade 
HOT Si..Sn:I Elevated 

5.~, t.631 
0.95 

145,350 232.121 
2.772 6.$48 

0 429 
0.08 o.oe 
0.60 0.60 
2.20 2.20 
1.05 1.05 

6 10 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 2 
0 0 
0 0 
0 0 
0 0 
0 0 

Peak Hour Peak Direction Volume per lane: 
Gtneral Purpose 
Ex-s/Toll 
HOVIHOT 
Transit Riders (Persons) 
Occupancy Rote 

2.038 
0 
0 
0 

1.33 

1.631 
0 

1.800 
135 

1.37 

Peak Hour Off Peak Direction Volume per Lane: 
Gtneral Purpose 
Express/Toll 
HOVIHOT 
Transit RidffS (Persons) 
Occupancy Rote 

Costs ($Million): 
Coft•fJ"Uetion Cost 
Right of Way Cost 
oiie-scost 
Pk Hr Rec:mt Congt.tn Cost 
Recmt Congt.tn Cost 
s..-1costs 
Nonrecmt Cong- Cost 
Emissions Cost 
Fuel Consumption Cost 
Ton Cost 
TollR..,..,.,.(4MI 
Tot.al Costs(SM) 

TollCosts 
Peai<Hour 
Peak p-si-Hours 
Olf Peak Period Hours 

I 
I 

1.359 970 
0 0 
0 1.800 
0 0 

1.33 1.36 

$5.88 S9.66 
S0.00 $0.00 
SO.JO $0.00 
$0.31 S0.00 
S0.31 S0.00 

St.02 S0.19 
$5.23 $3.65 
S2.62 $1.77 
$0.00 S0.00 
S0.00 S0.00 

$15.37 $15.27 

<4.071 
0.67 

3.1a1 
0.28 

290 • .453 321.062 
15.289 13.849 

1.409 1.635 
o.oe 0.08 
0.50 0.50 
2.20 2.20 
1.05 1.05 

al al 

a a 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 6 

1.758 1.875 
0 0 

1.278 1.485 
133 167 

1.47 1.41 

1.76~1 1.876 
0 

1.278 1.492 
105 140 

1.46 1 1.41 

$21.26 $15.40 
S0.00 $0.00 
$0.00 so.oo 
S0.00 $0.05 
so.oo S0.05 

SO.ZS $0.42 
$8.20 $6.63 
$3.91 $3.18 
$0.00 S0.01 
S0.00 S0.01 

$33.61 $25.68 

63 

2020 

5 6 

0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

ol ol 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 000 

$0.00 S0.00 
SO.DO $0.00 
S0.00 $0.00 
S0.00 $0.00 
S0.00 $0.00 

$0.00 $0.00 
S0.00 S0.00 
S0.00 $0.00 
S0.00 S0.00 
$0.00 $0.00 
S0.00 so.oo 

27-Aug-97 

7 8 
0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

ol ol 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

Subtotals 

S0.00 $0.00 $52.21 
$0.00 S0.00 $0.00 
$0.00 S0.00 $0.30 
$0.00 S0.00 $0.36 
S0.00 S0.00 S0.36 

$52.86 
S0.00 S0.00 $1.88 
$0.00 S0.00 $23.71 
S0.00 so.oo $11.'7 
$0.00 S0.00 S0.01 
so.oo $0.00 $0.01 
S0.00 S0.00 $89.93 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of U111b: US 

Corridor: 
Alternative: 

Freeway Section: 
Section Umlls: 
l.engtjl ,_, 

Lenglh Al-Gtade 

Lengll'IE-

Traffic Inputs: 
F-ADT 
HOVADT 
AD Transit Riden 
F,_yK 
F,_yD 
ea._i Occupallcy 
GP Occupancy 

Lane Inputs: 
ExilltngL.anft 
P""!><>M<f Lanes: 
General Purpose F-
0....,.,1 ""-Toll 
Express Rft At-Gt.ode 
Express R<tY E....­
E"Pf"S Bkln:tAt.0.­
Expnu Bklret Elevablcl 
Toll Rft At.0.-
Toll R<tY El<tYablcl 
Toll Bi.Orel At-Grach 
Toll Bi.Oret E­
HOV R<tY At-Grade 
HOV R<tY Elwablcl 
HOV Bi-clretAt-Grade 
HOV Iii.On:! E­
HOT R<tY At-Grade 
HOT R<tY Elwablcl 
HOT Bi-dn:t At.onde 
HOT Bi-dn:t Elovablcl 

Interstate 635 LBJ 
6GP&HOV 

I 2 
Ryl.-5190 S190-l35E 

5.~, 1631 
0.95 

145,350 232.121 
2.m 6.548 

0 429 
0.08 0.08 
0.80 0.60 
2.20 2.20 
1.05 1.05 

6 10 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Peak Hour Peak Direction Volume per Lane· 
Gtneral Purpose 
Express/Toll 
HOV/HOT 
Transit Riden. (P•l'IOM) 
Occ-ncyR.al<I 

1,<139 
0 

1.800 
0 

1.32 

1.630 
0 

1.800 
145 
U7 

Design Year: 

3 4 

135E-ONT DNT-\JS75 

,.071 
0.67 

3.181 
0.28 

290.453 321.062 
15.289 13.849 
1.409 1.635 
0.08 0.08 
0.50 0.50 
2.20 2.20· 
1.05 1.05: 

el al 
8 8 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

' ' 0 0 

~I 
0 
0 
0 

1.739 2.000 
0 0 

1.916 1.924 
222 276 
1.48 1.43 

Peak Hour Off Peak Direction Volume per Lane: 
General,,,._ 
Express/Toll 
HOV/HOT 
Transit Riders (PefSOllS) 
Occupancy Ral4I 

Costs ($Million): 
Conslrudlon Cost 
RIQbt of Way Cost 
Operalions Cost 
Pk Hr Rec:mt ~"'Cost 
Recml Congstn Cost 
Subtoc.alCosts 

Nonrecmt Congstn Cost 
EmlHlons Cost 
Fuel Consumption Cost 
Toll Cost 
Toll R_.,. (-$M) 

Total Costs ($Ml 

Toft Costs 
Peal<Hour 
PealCPeriod~Hcurs 

Off Peak Period Hours 

1.359 
0 
0 
0 

1.32 

$7.78 
S0.00 
$0.35 
$0.00 
$0.00 

$0.19 
5'.99 
$2.43 
SO.OD 
SO.OD 

$15.73 

1.331 
0 
0 
0 

1.36 

$8.67 
S0.00 
$0.00 
SO.OD 
$0.00 

S0.10 
$3.80 
$1.86 
$0.00 
S0.00 

$14.43 

1.739 2.000 
0 0 

1.916 1.92' 
222 276 
1.48 1.43 

$18.07 $13.07 
S0.00 S0.00 
S0.00 SO.DO 
$018 $0.47 
$0.18 $0,,7 

$1.34 $1.69 
$11.07 $6.37 
$3.88 $3.13 
$0.00 S0.00 
S0.00 I SO.OD 

$31.53 $24.73 

64 

2020 

5 6 
0 0 

~I ~I 
0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

ol ol 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0! 0 
o: 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

ODO 0.00 

0 0 
0 0 
0 0 
0 0 

000 0.00 

$0.00 S0.00 
S0.00 S0.00 
S0.00 S0.00 
$0.00 $0.00 
$0.00 SO.DO 

$0.00 $0.00 
$0.00 $0.00 
S0.00 $0.00 
$0.00 I $0.00 
so.oo: S0.00 
S0.00 I S0.00 

27-Aug·97 

7 8 

0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

ol ol 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 0.DO 

$0.00 $0.00 5'7.59 
$0.00 S0.00 S0.00 
S0.00 S0.00 S0.35 
SO.DO S0.00 $0.65 
SO.DO SO.DO S0.65 

$48.59 
$0.00 so.oo' $3.32 
so.oo $0.00 $23.22 
SO.DO $0.00 $11.30 
SO.OD $0.0D S0.00 
SO.DO $0.00 $0.00 
SO.OD $0.00 $86.43 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
Sys- of Units: US 

Corridor: Interstate 635 LBJ Design Year: 
Alklmatlve: 3 MObiltty Plan 

1 2 3 4 s 
Section LIMlls: USTS·Sld. Sid. ·Gar Gar.-lHJO IH3<HJS80 US80-IH20 
LAtngth (Miio) 
Length Al-Grade 

Lengl\E-

T raffle Inputs: 
F-yAOT 
HOVAOT 
AO Tnansll Rldenr. 
F-VK 
F-vD 
Catpool ~ncy 
GP Occup1ncy 

Lane Inputs: 
&JstinounH 
Proposad Lana: 
Getwnd Putpon F""' 
General Pu-Toll 
,._. - At-Gtade ,._._awa!MI 
,._. Bi-drctAt~ 
~Bi-drctE­
Toll- At-Gia* 
Toll_Elrv_ 
Toll BklrctAt.or.de 
Toll 81-dn:t Elnatacl 
HOV- At-Orad<t 
HOV- Elfiatacl 
HOV 81-dn:t At-Gtade 
HOV 81-drct Elrv­

HOT - At-Grade 
HOT-Elfiatacl 
HOT Bi-drct At-Oracle 
HOT Bi-dn:t Elfiated 

3~1 

258.522 
6.767 

95 
0.08 
0.55 
2.20· 
1.05 1 

al 

10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

' D 
0 
0 
0 
0 

321 
0.5 

226.849 
6.127 

95 
0.09 
0.65 
2.20 
1.05 

sl 

10 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 

0 

Peak Hour Peak Direction Volume per Lane· 
O.neralPu­
,._slToU 
HOVIHOT 
TraMll - (PersoM) 
Occup1ncy Rate 

1.7'8 
0 

1,223 
32 

1.25 

2.000 
0 

l,J.<7 
32 

1.29 

Peak Hour Off Peak Direction Volume per Lane: 
o. ...... rPu­
,._slToU 
HOVIHOT 
Transit Riden (Persons) 
Occupancy Rate 

Costs ($Million): 
Coftstrucllon Cost 
Right of Way Cost 
Operations Cost 
Pk Hr RKmt Congstn Cost 
Rllcmt Congatn Cost 
Subeoeal Costs 
NonnlcmtCongstn Cost 
Emissions Cost 
Fuel Coftsumpdon Cost 
Toll Cost 
Toll -ue (411) 
T-' Costs (SM) 

TolCosts 
PultHour 
PultPeriod~Hauts 

Oii P- Period Houts 

1.681 
0 

651 
0 

1.13 

$11.74 
s1.n 
$0.35 
$0.DO 
SO.DO 

$0.1' 
$5.50 
$2.68 
$0.0D 
so.DO 

$22.18 

1.379 
0 
0 
0 

1.11 

$1227 
$0.55 

$0.DO 
$0.22 
$0.22 

S0.50 
SS.Jo< 
$2.6' 
$0.GO 
so.OD 

$21.51 

~!I !I 0.:1 

226.243 201.982 178.000 
7.666 •.266 •.103 
1.987 0 0 
0.09 0.09 0.09 
0.65 0.60 0.60 
2.20 2.20 2.20 
1.05 1.05 1.05 

al al al 

10 10 8 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 01 0 
2 0 0 
o. 0 0 

:I 0 0 
0 0 

0 0 D 
0 0 0 
0 0 0 
0 0 0 

l.979 l,976 2.185 
0 0 0 

1.3'3 0 0 
0 0 0 

1.28 1.21 1.22 

1.380 l.•JO 1,581 
0 0 0 
0 0 0 

497 0 0 
118 1.12 1.12 

$12.82 $5.45 $9.24 
S0.58 $0.00 SO.DO 
$0.DO $0.DO so.DO 
$0.19 S0.11 $0.84 
SOl9 S0.11 $0.84 

50,5 S0.26 $4.21 
$5.60 $2.66 $7.71 
s2.n $1.34 $3.86 
$0.DO so.OD I $0.0D 
SO.DO $0.GO so.DO 

$22.'1 $9.82 $25.86 

65 

2020 

6 
0 

:1 

0 
0 
0 

0.09 
0.60 
2.20 
1.05 

ol 
0 
0 
0 
0 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.00 

0 
0 
0 
0 

0.00 

S0.00 
$0.DO 
SO.DO 
SO.OD 
SO.GO 

SO.OD 
$0.00 
SO.DO 
$0.0D 
SO.DO 
S0.00 

26-AU9·97 

7 8 
0 0 

:1 :1 
0 0 
0 0 
0 0 

0.09 0.09 
0.60 D.60 
2.20 2.20 
1.05 1.05 

al 01 
0 0 
0 0 
0 0 
0 0 
0 0 
0 o' 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
oi 0 

0 

~I 0 
0 o. 
0 

oO:I 0.00. 

0 0 
0 0 
0 0 
0 0 

0.DO O.DO 

SO.OD SO.DO: $51.51 
$0.DO $0.DO. $2.91 
$0.0D $0.00 $0.35 
SO.GO SO.GO $1.36 
$0.DO so.DO $1.36 

$56.12 
$0.GO $0.DO $5,56 
SO.OD $0.0D $26.81 
SO.GO $0.0D $13.28 
SO.OD $0.00 SO.DO 
so.DO $0.0D $0.00 
S0.00 $0.DO $1111.71 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
System of Units: US 

Corridor. 
Alternative: 

Freeway Section: 
Sectlonlimils: 
lff!llll(MilHI 
Lengll Al·Grade 
Length EJevaled 

Traffic Inputs: 
F-yAOT 
HOVAOT 
AD T"'nsit Riden 
F-yK 
F-yo 
Carpool OccuP<lncy 
GPOcCUP<ln<:Y 

Lane Inputs: 
Existing 1.a ..... 
PtopOHd Lanes: 
Genenll Purpose Free 
0.nenolPurpose Tall 
Eltpnrss Rev At-Gnide 
Eltprns Rev Eleva!Atd 
E.lpnrss Bi-<ln:t At-<ltade 
ExpNSS Bi-<lrct Etwa!Atd 
Tall Rev At-Grade 
TallRevEtw-
Tol Bi-<lrct At-Grode 
Toll Bi-<ln:t Elevated 
HOV RO¥ At-Onlde 
HOV Rev Etwal<ld 
HOV Si-<lrct At-0,,,de 
HOV Bl-<lrct Etwaled 
HOT Rev At-<ltade 
HOT Rev Etwa!Atd 
HOT Bi-<lrcl At-Grade 
HOT Bi-<lrct Etwated 

Interstate 635 LBJ 
7 GP&HOT 

2 
US75-Sld. Sl<l ·Gar. 

3~1 321 
0.5 

258.522 228.8'9 
6.767 8.127 

95 95 
0.08 0.09 
oss 0.65 
2.20 2.20 
1.05 1.05 

al al 

8 8 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 2 
0 0 

• 0 
0 0 

Peak Hour Peak Direction Volume per Lane: 
Goneral PutpOSe 
E.lpnrss/T on 
HOVIHOT 
T ninsil Riden (Persons) 
OccllP<lOCY Rate 

1,795 
0 

1.593 
43 

1 35 

1.919 
0 

2,057 
43 

1.39 

Design Year: 

3 4 5 
Gar.·IH30 IH30-US80 IJS80.IH20 

3.SI 
0.4 ~I 0.:1 

22&.2"3 201.982 178.000 
7.666 4.266 4,103 
1,987 0 0 
0.09 0.09 0.09 
0.8$ 0.60 0.60 
2.20 2.20 2.20 
UIS 1.05 1.05 

al sl al 

a 8 8 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
2 0 0 
0 0 0 
0 0 0 
0 0 0 

1,909 2.286 2,023 
0 0 0 

2.027 0 0 
0 0 0 

1.37 1.31 1.32 

Peak Hour Off Peak Direction Volume per Lane: 
Gonerall'\ltpOSe 
Eltpnrss/T ol 
HOVIHOT 
Transit Rielen (Persons) 
Occu1M1ncy Rate 

Costs ($Million); 
Conslnlction Cost 
Right or Way Cost 
Operations Cost 
Pit Hr Reem! ~·tn Cost 
Recmt Congstn Cost 
S-IC....ts 
Nonrwcmt Con9stn Cost 
Emissions Cost 
Fuel Consumption Cost 
Tall Cost 
Toll-ue(-$111 
Total Costs (SM! 

Toll Costs 
PealtHour 
Peat PeriOd si-1<1er Hours 
on Peal< PeriOd -..... 

1.880 
0 

993 
0 

us 

$10.66 
$096 
S0.35 
S0.03 
S0.03 

S0.32 
S5.18 
S2.SI 
SOOI 
$0.01 

$20.01 

1.683 
0 
0 
0 

t.14 

$10.95 
$0.00 
S0.00 
S0.31 
$0.31 

Sl.39 
SS.02 
S2.47 
S0.01 
S0.01 

$20.15 

l.ll 

1,747 1.545 
0 0 
0 0 

4971 0 0 
1.21 t.14 us 

$11.45 $2.76 $9.24 
so.oo $0.00 S0.00 
$0.00 SO.OD SO.OD 
S0.27 S1.34 S0.43 
S0.27 S1.34 S0.43 

Sl.26 $2.75 $1.13 
SS.27 $2.62 $7.37 
$2.59 St.30 $3.70 
$0.01 $0.00 S0.00 
S0.01 S0.00 S0.00 

$20.84 $10.77 $21.87 
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2020 

6 
0 

~I 
0 
0 
0 

0.09 
0.60 
2.20 
1.05 

ol 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

O.OD 

0 
0 
0 
0 

0.00 

S0.00 
S0.00 
SO.OD 
S0.00 
SO.OD 

so.oo 
S0.00 
S0.00 
S0.00 
S0.00 
S0.00 

26-Aug-97 

7 8 
0 0 

~I ~' 
0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 1 

1.051 t.051 

ol ol 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

O.OD 0.00 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

$0.00 so.oo $4506 
SO.OD S0.00 S0.96 
$0.00 S0.00 S0.35 
$0.00 S0.00 $2.38 
so.oo SO.OD $2.38 

$48.75 
S0.00 S0.00 $6.86 
$0.00 S0.00 $25.46 
$0.00 $0.00 S12.57 
$0.00 S0.00 S0.03 
$0.00 S0.00 $0.03 
S0.00 S0.00 $93.63 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
Sii"'- of Units: US 

Corridor: 
Alternative: 

F~Sedion: 
$tction Limits: 
Length CMilffl 
lengllAI·~ 

lenglh Elevaled 

Traffic: Inputs: 
F~ADT 

HOVADT 
AO Tninslt Riders 
F-yK 
F~O 
Carpool Occupancy 
GP Occupancy 

Lane Inputs: 
ExlstinQ Lilnes 
Pl'OpDHd unos: 
GerMr.11 p_., ,,.. 
Goner.al Purpose Toll 
Express Rn At-Gtad<I 
E-s Rev Eievacecl 
Eaprus Bl-drc:t At-Gr.Ide 
Express Bl- Elevilcecl 
Toll Rn At.(;rad<I 
Toll Rev Eievacecl 
Toll Bi-dtclAt-Gtild<I 
Toll Bi-drc:t E""'acecl 
HOV Rn Al-Grade 
HOVRnE..,,aWd 
HOV 81-dtct At-Gnde 
HOV8i-EIW­
HOT Rn At-Otacl• 
HOT Rn Elev1ted 
HOT 8i-<lrct At-Grade 
HOT 8i-drc:t Etev1Wd 

State Highway 161 
4 Mobility Plan HOV 

2 3 
IH20-IH30 IH»S183 S183-A.C. 

0.45: 
5.51 

0.17: 
5.83, 1.61 

0.2 

92.719 153.900 153.025 
2.895 4.826 lt,155 

0 0 0 
0.09 0.09 0.09 
0.65 0.60 0.55 
2.20 2.20 2.20 
1.05 1.0S 1.05 

ol ol ol 

4 6 0 
0 0 6 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 2 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Peak Hour Peak Direction Volume per Lane· 
Genenol Pllf'POS• 
Express/T DI! 
HOV/HOT 
T"'nllt Riden (Persons) 
Occ:upanc:y Ible 

2.<400 
0 
0 
0 

1.21 

2.<400 
0 
0 
0 

1.20 

Peak Hour Off Peak Direction Volume per Lane: 
Genem Purpose 
Eapness/Ton 
HOV/HOT 
Ttansil RidffS (Persons) 
Oc<:upancy Ible 

Costs ($Million): 
Construction Cost 
Rigllt of Way Cost 
Openollons Cost 
Pl< Ht Rec:mt Congstn Cost 
RKmt Congstn Cost 
Su-I Costs 
--mtConptn Cost 
EiniuloMCost 
, .... Consumption Cost 
Toll Cost 

Toll -ue C4Ml 
T-1 Costo (SM) 

TollCosto 
Pealtttout 
Peak-~tbn 

Of! Peak Period tbn 

1.487 
0 
0 
0 

1.11 

$8.33 
S0.00 
S0.30 
$3.95 

$11.84 

$2423 
$4.39 
$2.03 
S0.00 
S0.00 

$51.13 

1.910 
0 
0 
0 

1.12 

$10.37 
S0.00 
S0.00 
S6.ll3 

$18.21 

$34.93 
$6.85 
$3.26 
$0.00 
$0.00 

$73.42 

1.927 
0 

1.800 
0 

1.31 

1.793 
0 

1.339 
0 

1.27 

$322 
S0.31 
S0.00 
$0.26 
S0.94 

S0.22 
$1.77 
$0.86 
S0.28 
$028 
$7.33 

Design Year: 

4 5 
AC.·Bell Beft.IH635 

1.41 0.1 
2.141 
O.t7 

185.036 201,151 
n.155 15.274 

0 0 
0.09 0.09 
0.55 0.55 
2.20 2.20 
1.0S 1.05 

ol ol 

0 0 
8 8 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 
0 0 
0 0 

1,850 2.027 
0 0 

1.800 1.800 
0 0 

1.26 1.30 

1.648 1.761 
0 0 

1.339 1.757 
0 0 

1.23 1.27 

$3.16 $4.88 
S0.51 S0.79 
S0.00 S0.00 
S0.20 S0.62 
$0.88 $1.82 

S0.13 $0.61 
$1.81 $3.06 
S0.87 $1.50 
S0.22 S0.37 
S0.22 $0.37 
$7.36 $12.6!> 
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2020 

6 
0 

~I 
0 
0 
0 

0.09 
0.60 
2.20 
1.05 

ol 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0.00 

0 
0 
0 
0 

0.00 

$0.00 
S0.00 
S0.00 
$0.00 
S0.00 

$0.00 
S0.00 
SO.DO 
S0.00 
$0.00 
S0.00 

9&op.97 

8 
0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20 
1.05 1.05 

ol ol 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
Oi 0 
o: 0 

~' 
0 
0 

0 0 
oi 0 

~I 
0 
0 
0 

0 0 
0.00 1 000 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

$0.00 $0.00 $29.96 
S0.00 S0.00 $Ul1 
$0.00 $0.00 SO.JO 
S0.00 S0.00 $11.o& 
S0.00 S0.00 $33.69 

$65.56 
$0.00 S0.00 $60.12 
$0.00 $0.00 I $17.68 
S0.00 S0.00 $8.53 
S0.00 $0.00 $0.88 
S0.00 S0.00 S0.811 
S0.00 S0.00 $151.19 



System Plan Corridor Critical Lane Volume and Public Cost Analysis Output 
SY11""" of Units: US 

Corridor: 
Alternative: 

F.-ay Section: 
Section Umks: 
Unglll(Milnl 
l.eng1I> Al.a.-
1.eng11> Elevaled 

Traffic Inputs: 
F_,AOT 
HOVAOT 
AO Transit Riders 
F_,K 
F-vo 
CafPOOI OccUJMncy 
GPOccUJMnc:y 

Lane Inputs: 
Ezlstlng Lanes 
~i..anes: 
o.-.IPutpOHfree 
°"'*111 ""-Ton 
E&prffs R"" At-Gnd<t 

E&prffs - EleYated 
l!&prffS Skim At-Grade 
E&prffs Bi-<ln::t EleYated 
Toll -At-Gnlde 
Toll_EleY_ 
Toll Bi-<ln:t At-Grade 
Toll Bi-<lrct EleY­
HOV-At.Grad• 
HOVR""EleY-
HOV Bi-<lrct At.Grade 
HOV Bkln;t Elev­
HOT R"" At-Grade 
HOT-EleYated 
HOT Bi-<ln:t At-Gnm 
HOT BMln:t Elev1ted I 

State Highway 161 
9 GP& HOT 

2 
IH20-IH30 IH30-Sl83 

05.!I 
5.83, 
0.17: 

92.719 153.900 
2.1195 4.826 

0 0 
0.09 0.09 
0.65 0.60 
2.20 2.20 
1.05 1.o5 

ol ol 

4 6 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 2 
0 0 
0 0 
0 0 

Peak Hour Peak Direction Volume per Lane: 
Genenl Purpose 
E&prffs/Toll 
HOVIHOT 
TianslC Rid<lrs IPersons) 
Occupancy Rale 

1.779 
0 

1.512 
0 

1.34 

1.802 
0 

1.158 
0 

1.34 

Design Year: 

3 4 5 
SllJ3.A.C. A.C.·Bell Bell-IH635 

1.6, 
0.2 141 0.1 

2.141 
0.17 

153,025 1115.036 201.151 
11.155 11.155 15.274 

0 0 0 
0.09 0.09 0.1)9 
0.55 0.55 0.55 
2.20 2.20 2.20 
1.05 1.05 1.05 

ol ol ol 
6 6 6 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
I 0 1 
0 0 0 
2 4 4 
0 0 0 

1,472 1.873 1.831 
0 0 0 

1.347 1.537 1.277 
0 0 0 

1.49 1.41 1.52 

Peak Hour Off Peak Direc lion Volume per Lane: 
o.-.IPu._. 
Exprffs/Toll 
HOVIHOT 
TiansltRid<lrs(P..-.-.1 
OccuponcyRale 

COsts (SMilliont: 
CoftstrvcfionCost 
Rigllt of Way Cost 
~Cost 
Pk Hr Rec:ml Congstn Cost 
R.KmtCongstn Cost 
su-..1eo..is 
Nonrwcmt~tnCost 

--Cost Fue4 Consumplion Cost 
Toll Cost 
ro11-..ue (-SM) 

T-1 Costs ISMI 

1.387 
0 
0 
0 

1.19 

$10.39 
$1.01 
S0.35 
SO.DO 
SO.DO 

S0.16 
$3.12 
Sl.51 
S0.00 
SO.DO 

$16.55 

rn
~) 

04 
02 

1.784 
0 
0 
0 

1.20 

SIS.25 
S0.60 
SO.DO 
SO.DO 
SO.DO 

S0.29 
$5.27 
$2.55 
SO.DO 
S0.00 

$23.96 

1,559 1.867 1.873 
0 0 0 

UDO 1.085 1.433 
0 0 0 

1.39 1.33 1.39 

$3.48 $3.06 SS.28 
S0.49 S0.55 $1.05 
S0.00 S0.00 so.oo 
SO.DO S0.01 S0.01 
S0.00 S0.01 S0.01 

S0.07 S0.15 S0.18 
$1.53 Sl.57 SZ.53 
S0.72 S0.75 $1.20 
SO.DO SO.DO SO.DO 
SO.DO SO.DO SO.DO 
$629 $6,10 S1026 
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2020 

6 
0 

~I 
0 
0 
0 

0.09 
0.60 
2.20 
1.05 

ol 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

O.DO 

0 
0 
0 
0 

O.DO 

so.oo 
so.DO 
S0.00 
SO.DO 
S0.00 

S0.00 
SO.DO 
SO.DO 
SO.DO 
SO.DO 
S0.00 

H..tl.ug·97 

7 8 
0 0 

~I ~I 

0 0 
0 0 
0 0 

0.09 0.09 
0.60 0.60 
2.20 2.20' 
1.05 1.051 

ol ol 
0 0 
0 0 
0 0 
0 0 
0 0 
0 o: 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

O.DO O.DO 

0 0 
0 0 
0 0 
0 0 

0.00 0.00 

Sublolllls 

S0.00 S0.00 I $37.46 
S0.00 $0.00 I $3.70 
SO.DO SO.DO I S0.35 
SO.DO SO.DO! S0.03 
SO.DO SO.DO I S0,03 

$41.54 
SO.DO SO.DO S0.85 
SO.DO so.DO $14.04 
SO.DO S0.00 $6.73 
SO.DO SO.DO S0.01 
SO.DO S0.00 S0.01 
$0.00 SO.DO $63.15 



APPENDIXC 
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As part of the "Dallas Freeway/HOV System Planning Study'' report, a spreadsheet-based iterative 
process was developed to aid system-wide planning, based upon the total cost of congestion and 
construction of several corridor alternatives. This process allowed the user to test alternative freeway 
configurations in sections of a corridor. The updated version uses a combined spreadsheet that 
combines the functions of the Critical Lane Volume (CL V) spreadsheet and the Cost Estimation 
spreadsheet. In order to use the updated software, the user must have access to a PC computer with 
Microsoft Windows 3.1 or higher and Microsoft Excel version 5.0 or higher. In addition, it is 
recommended that the user have access to a 486 computer with at least 8 megabytes memory. 

The spreadsheet is divided into several worksheets. The first worksheet is the Input Sheet, and all 
necessary inputs are made on this worksheet. The user defines continuous sections of the corridor 
according to major changes in traffic volume, length, or changes in number of lanes, and inputs data 
for each corridor section. All unit conversions, hourly volume estimates, and cost estimations are 
computed on additional worksheets. The Unit Sheet handles the unit conversion from SI units to US 
units if the inputs are in SI units. The Output Sheet contains all the various results needed to compare 
corridor alternatives. The CL V Sheet estimates the critical lane volumes for both the peak and off 
peak direction. The Cost Sheet computes the construction, right-of-way, and recurrent congestion 
cost, and summarizes the toll impacts, the nonrecurrent congestion cost, the air quality cost, and the 
fuel consumption cost. Sheets A, B, and C compute the toll impacts for the different combinations 
of toll and free lanes. Sheet D estimates the nonrecurrent congestion cost. Sheet E estimates the cost 
of emissions, and SheetF estimates the cost of fuel consumption. Sheet G contains the lookup table 
for emissions and fuel consumption factors. 

Input Sheet 

All inputs for the spreadsheet are contained in this worksheet. The other worksheets read the inputs 
from this worksheet. The inputs are described below. 

The first input shows the system of units to be used either SI (International System of Units) or US 
(US Customary Units). Input either "si" or "us" in cell D4. The default values on the Input sheet are 
in US units the equivalent SI units are shown in parentheses in this user's manual. 

Row 6 and row 7 contain the basic corridor information. Input the name of the corridor being 
analyzed in cell B6. Input the design year in cell G6. Input the alternative number and description 
in cells B7 and C7. Additional descriptive information can be entered into cell E7. 

Define the number of continuous sections along the corridor according to major changes in traffic 
volume, length, changes in the number of lanes, or other vehicle movement influencing factors and 
give the section names according to section limits (Row l 0). The number of sections in a corridor 
is unlimited; however, the number of columns can be increased by copying the last column multiple 
times in each worksheet. The process of expanding the spreadsheet is discussed in further detail 
below. The default number of sections is eight. The sectional information will remain the same for 
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each alternative of a corridor and need not be changed for alternative comparisons. The sectional 
information is described below. 

Sectional information (Row 10 to Row 31): 

Row 12 
Row13 

Row 15 
Row16 
Row17 
Row18 
Rowl9 

Row20 

Row21 
Row22 

Row23 
Row24 

Row25 
Row26 

Row27 

Row28 

Row29 

Row30 

Row31 

Length At-Grade-Section length at grade level (kilometers or miles). 
Length Elevated-Section length elevated above grade level (kilometers or 
miles). 
Freeway ADT-Predicted 24-hour volumes for design year. 
HOV ADT-Predicted 24-hour volumes for multiple rider vehicles. 
AD Transit Riders-Predicted 24-hour volumes for bus passengers. 
Freeway K-Percentage (in decimal) of daily traffic in peak hour. 
Freeway D-Percentage (in decimal) of traffic traveling in the peak direction 
during the peak hour (also known as the peak-hour directional distribution). 
HOV K-Percentage (in decimal) of HOV daily traffic in peak hour. Default 
value of0.25. 
D-Percentage (in decimal) of HOV traffic traveling in the peak direction. 
K-Percentage (m decimal) of daily bus riders in peak hour. Default value of 
0.25. 
D--Percentage (in decimal) of daily bus riders traveling in the peak direction. 
Percent Carpools-Percentage (in decimal) of carpools in the defined corridor 
section that can be expected if no preference is given to bus and carpool 
traffic. 
Percent Express-Percentage (in decimal) of through traffic for a corridor. 
Capacity-Hourly freeway capacity per lane (often determined using the 
Highway Capacity Manual HCM procedures). 
Max % New Carpools-The maximum percentage (in percent) of new 
carpools that are allowed to be formed in the freeway section due to HOV 
treatment. 
Bus Occupancy-The average number of persons utilizing a single bus. The 
default value is 30. 
Carpool Occupancy-The average number of persons per eligible carpool 
vehicle in an HOV lane. The default value is 2.2. 
GP Occupancy-The average number of persons per vehicle in the general 
purpose lanes if an HOV lane is present in the alternative. The default value 
is 1.05. 
GP Truck Percent-The percentage (in decimal) of trucks in general purpose 
traffic lanes. 

Additional sectional information (Row 61 to Row 66): 

Row61 Base ROW (unit ofwidth)-the average width (meters or feet) of the existing 
ROW for each section of the freeway corridor. 
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Row62 

Row63 

Row66 

Existing F .R. Lanes - the existing number of frontage road lanes for each 
section of the freeway corridor. 1bis spreadsheet only calculates the cost of 
new frontage roads where the frontage road currently exists and where 
additional ROW is needed. Ifno additional ROW is needed, it is assumed 
that the frontage roads are not relocated or reconstructed. 
ROW Cost $/Area -The average cost in dollars per area (square meters or 
square feet) for additional ROW for each section of the freeway corridor. 
Percent of section requiring noise walls - the percent of the length of each 
section which requires noise walls. This value is assumed to be the same for 
each alternative, but it can be changed if necessary. 

The next section of the worksheet is the Lane Inputs section. The existing lanes are the present 
number of lanes in each section. Each alternative will have a different combination of proposed 
lanes. The proposed lanes consist of the total general purpose lanes, either free or toll. The 
spreadsheet assumes an equal number of lanes in each direction unless the lanes are noted as 
reversible. Additional lanes are in addition to the general purpose free lanes and consist of express 
lanes, toll lanes, HOV lanes, and HOT (High Occupancy and Toll) lanes. Bi-directional lanes are 
assumed to be an equal number of lanes in both directions, and reversible are assumed to be in the 
peak direction only. Additional lanes at-grade are assumed to be at the same grade as the general 
purpose lanes. The elevated lanes are assumed to be above the grade of the general purpose lanes 
and cantilevered over the general purpose lanes or other at grade lanes. 

Row34 Existing Lanes - Total number of existing lanes in both directions. 

Proposed Lanes (Row 36 to Row 56): 

Row36 
Row37 
Row41 
Row42 
Row43 
Row44 
Row45 
Row46 
Row47 
Row48 
Row49 
Row SO 
Row51 
Row52 
Row53 
Row54 
Row55 

General Purpose Free - Number of general purpose free lanes. 
General Purpose Toll - Number of general purpose toll lanes. 
Express Rev At-Grade - Number of reversible express lanes at grade. 
Express Rev Elevated - Number of reversible elevated express lanes. 
Express Bi-drct At-Grade - Number of bi-directional express lanes at grade. 
Express Bi-drct Elevated- Number of bi-directional elevated express lanes. 
Toll Rev At-Grade - Number of reversible toll lanes at grade. 
Toll Rev Elevated- Number of reversible elevated toll lanes. 
Toll Bi-drct At-Grade- Number of bi-directional toll lanes at grade. 
Toll Bi-drct Elevated- Number of bi-directional elevated toll lanes. 
HOV Rev At-Grade - Number of reversible HOV lanes at grade. 
HOV Rev Elevated- Number of reversible elevated HOV lanes. 
HOV Bi-drct At-Grade - Number of bi-directional HOV lanes at grade. 
HOV Bi-drct Elevated - Number of bi-directional elevated HOV lanes. 
HOT Rev At-Grade - Number ofreversible HOT lanes at grade. 
HOT Rev Elevated - Number of reversible elevated HOT lanes. 
HOT Bi-drct At-Grade - Number of bi-directional HOT lanes at grade. 
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Row56 HOT Bi-drct Elevated - Number of bi-directional elevated HOT lanes. 

The additional corridor inputs will remain unchanged for each alternative of a corridor; most will 
remain the same for each corridor analyzed as a system. The default values are given but may be 
changed if necessary. Each input is described below: 

Cell C69 

Cell C70 

Cell C71 

Cell C72 

Cell C73 

Cell C74 

Cell C75 
Cell C76 

Ultimate capacity per lane - the theoretical maximum capacity per lane used 
for determining the level of congestion - the default value for the ultimate 
capacity is 2400 vehicles per hour and should not be changed. 
Present value of person time - the default value is $11.31 per hour of person 
time. 
Present value of truck time - the default value is $60.00 per hour of truck 
time. 
Annualizing factor for capital costs - the annualizing factor for the present, 
1997, capital cost to the 2020 design year at a 4 percent interest factor for 
annual compounding is 0.0673. 
Annualizing factor for congestion - the annualizing factor to arrive at an 
average annual cost of congestion. The cost of congestion is calculated for 
the design year volume in 2020. The default value of 0.35 assumes that if the 
specified alternative were built today that the congestion cost is initially 
negligible and increases at a nonlinear rate. 
Annualizing factor for tolls - the annualizing factor to arrive at an average 
annual cost of tolls. This is similar to the factor for congestion; however, an 
initial toll collection is assumed which will increase to the design year of 
2020. The default value is given as 0.75. 
Working days per year - the default value is 250 working days per year. 
Present cost of volume (liter or gallon) of fuel - The default value is $1.15 per 
gallon ($0.28 per liter) for fuel. 

Present value of emissions for DFW - The control-cost based emission factors represent the cost ($) 
to control a kilogram (kg) of each emission for the DFW region. 

Cell C79 
Cell C80 
Cell C81 

kilogram ofVOC - The default values for VOC is $12.97 per kg. 
kilogram of CO - The default values for CO is $2.51 per kg. 
kilogram ofNOx - The default values for NOx is $13 .68 per kg. 

The average time of incidents assumes an effective surveillance, communications, and control 
(SC&C), and mobility assistance programs are in place, the cost of which are included in the 
construction and the operating and maintenance cost. 

Cell C83 Average time of incident (minutes) - the weighted average time for detection, 
response, and clearance for all incidents is assumed to be 30 minutes. 
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Toll costs (present dollars per unit of distance per vehicle) - tolls are calculated as a cost to compare 
to the other costs, but the toll revenue, which is the sum of the tolls collected minus some operating 
loses, is calculated as a benefit, which lowers the overall lowest public cost. 

Cell H70 

Cell H71 

Cell H72 

Cell 174 

Peak hour - during the two peak hours, the default toll is $0.05 per mile 
($0.03 per km) per vehicle. 
Shoulder hours - during the 12 shoulder hours, the default toll is $0.04 per 
mile ($0.025 per km) per vehicle. 
Off hours - during the remaining 10 off peak hours, the default toll is $0.02 
per mile ($0.012 per km) per vehicle. 
Percentage of toll revenue lost - toll revenue is lost to toll collection costs and 
financing costs. Many factors affect these costs. The default was set at zero 
and should be adjusted for local conditions. 

Construction costs per lane unit oflength - The at-grade and elevated construction costs per unit of 
distance (Row 86 to Row 97): 

CeUB86 

Cell B87 

Cell B88 

Cell B89 

Cell B90 

Cell B91 

Cell B92 

Cell B93 

At-grade general purpose - At-grade construction cost (million $) of a general 
purpose lane per unit of distance per lane. The default value is $2.5 million 
per mile ($4.0 million per km) per lane. 
At-grade express 2 lanes - Construction cost (million $) per unit of distance 
per lane of at-grade express lane. The default value is $3 million per mile 
($4.8 million per km) per lane for one or two at-grade express lanes. 
At-grade express 3 lanes - Construction cost (million$) per unit of distance 
per lane of at-grade express lane. The default value is $3.33 million per mile 
($5.36 million per km) per lane for three or more at-grade express lanes. 
At-grade HOV 1 lane - Construction cost (million $) per lane per unit of 
distance of at-grade HOV lane. The default value is $5 million per mile ($8. 0 
million per km) per lane for one at-grade express lane. 
At-grade HOV 2 lanes - Construction cost (million $) per lane per unit of 
distance of at-grade HOV lane. The default value is $3.5 million per mile 
($5.6 million per km) per lane for two or more at-grade HOV lanes. 
Elevated general purpose - Construction cost (million$) per unit of distance 
per lane of elevated general purpose lane. The default value is $3.5 million 
per mile ($5.6 million per km) per lane. 
Elevated express 2 lanes - Construction cost (million $)per unit of distance 
per lane of elevated express lane. The default value is $4.5 million per mile 
($7.2 million per km) per lane for one or two elevated express lanes. 
Elevated express 3 lanes - Construction cost (million$) per unit of distance 
per lane of elevated express lane. The default value is $5 million per mile 
($8.0 million per km) per lane for three or more elevated express lanes. 
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Cell B94 

Cell B95 

Cell B96 

Cell B97 

Elevated HOV 1 lane- Constructioncost (million$) per unit of distance per 
lane of elevated HOV lane. The default value is $7 million per mile ($11.3 
million per km) per lane for one elevated HOV lane. 
Elevated HOV 2 lanes- Construction cost (million$) per unit of distance per 
lane of elevated HOV lane. The default value is $5 million per mile ($8.0 
million per km) per lane for two or more elevated HOV lanes. 
SC&C - Construction cost (million $) per unit of distance of surveillance, 
communications, and control system. The default value is $0.5 million per 
mile ($0.3 million per km) for each facility, regardless of the number oflanes. 
Noise wall cost- construction cost (million$) per unit of distance to construct 
noise walls where required. The default value is $1.09 million per mile 
($0.68 million per km) per lane. 

After any inputs are changed, the F9 key must be pressed by the user to calculate the new outputs. 
It is important to realize that the output for the previous alternative will remain until the F9 key is 
pressed and the calculations are completed. Toll alternativesrequire an additional step to complete 
the calculations. The toll cost to travel delay cost relationship equation for toll options requires 
several iterations to balance. To achieve this balance, both sides of the equation must be initiated, 
and cell H58 must be set to zero "O" prior to pressing the F9 key. After the initial calculation is 
completed, cell H58 must be changed to one "1" which allows the iterations to begin after the F9 
key is pressed again. The spreadsheet must not be interrupted while the iterations are being 
processed since any keystroke will stop the procedure before a balance is achieved. For nontoll 
alternatives, cell H58 should be left as zero. 

Unit Sheet 

The Unit sheet appears the same as the input sheet with the exception that the lane inputs are 
removed. All the spreadsheet calculations are made with US units, and the unit sheet converts the 
SI inputs from the input worksheet into US units. It is important that no inputs are placed on the unit 
sheet to avoid writing over the conversion formulas. 

Output Sheet 

The Output sheet is the only worksheet that needs to be printed to compare alternatives. All the 
necessary information for alternative comparisons is contained on the single sheet. The top half of 
the worksheet, row 2 to row 42, contains the alternative description, sectional data, and lane input 
data which is referenced from the input or unit sheets. The peak hour, peak direction, and off peak 
direction vehicle volumes per lane, transit riders, and the overall occupancy rate are output in row 
44 to row 56. The public costs are summarized from row 58 to row 70. The total cost for the 
alternative is shown in cell J70. The subtotal cost, shown in cell J64, is the sum of the capital costs 
and the recurrent congestion cost, which were the costs estimated in the original system plan. The 
toll costs are reproduced in cells B73, B74, and B75 so that alternatives with di:fferenttoll levels can 
be compared. 
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CLV Sheet 

The CL V sheet is designed to estimate the critical lane volume demands for the peak hour for 
sections of a corridor given a particular combination of lanes and the average daily traffic volumes, 
K and D factors, and other traffic data input into the input sheet. The only part of the CL V sheet that 
the user may need to change is the Ridership equation, which is used to predict the number of HOV 
and transit riders. The equation assumes that the directional hourly volume per lane will be used to 
predict HOV ridership. If another variable is used, the spreadsheet cells that reference this equation 
(i.e., Rows 137, 144, 151, 158, and 165) must be modified to reflect the new ridership prediction 
equation inputs. The default intercept value in row 37 is -0.13952, and the coefficient in row 38 is 
0.00011. 

The worksheet will perform all necessary calculations to estimate output values for the following 
worksheets with the input factors and equations. It is important for the user to determine the 
reasonableness and sensitivity of the model to changes in input values. This can be accomplished 
by changing input values (e.g., increasing and decreasing volume by 10 percent) or testing several 
alternative cross sections. IfHOV lane projects are tested, the user should examine the percentage 
of new carpools and transit riders for reasonableness; values that are too high should be adjusted. 

The estimates provided by the CL V sheet are located in the "Outputs" section. The critical lane 
volume outputs (Row 42 to Row 46) referenced by the other sheets include: 

Row42 

Row43 
Row44 
Row45 
Row46 

General Pmpose - The number of vehicles in a general purpose lane in the 
peak hour of traffic flow. 
Express - The number of vehicles in an express lane during the peak hour. 
HOV - The number of vehicles in an HOV lane during the peak hour. 
New Transit Riders- The number of new transit riders during the peak hour. 
Total Trucks - The number of trucks in the general purpose lanes during the 
peak hour. 

Additional descriptive outputs are located in the general outputs section (Row 49 to Row 5 3 ). This 
information includes: 

Row49 
Row50 
Row51 

Row52 

Row53 

Vehicles -Total number of vehicles in a :freeway section. 
Persons - Total number of persons in a freeway section. 
Occupancy - The value obtained by dividing the total number of persons by 
the total number of vehicles in a :freeway section. 
Vehicle Distance of Travel (VDT) - Distance traveled by vehicles in the 
section. 
Person Distance of Travel (PDT) - Distance traveled by persons in the 
section. 
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The final three sections of the CLV sheet are represented by the headings of "Calculations," 
"Adjustments," and "Iterations." The following discussion will briefly describe the process employed 
through these sections to manipulate the provided inputs into the listed outputs. 

Preliminacy values are computed from the input factors in the "Calculations" section. The capacity 
for the general purpose (Row 59), express (Row 60), and HOV (Row 61) lanes are calculated. The 
initial CL V information (Rows 63 and 64) is determined from the freeway ADT, HOV ADT, and 
transit riders inputs. The values of expected carpools (Row 66) are determined from the freeway 
ADT and the percent carpools. Last, the values of CLV needed for the "Adjustments" section are 
computed for total general purpose (Row 68), express only general purpose (Row 69), non-express 
general purpose vehicles (Row 70), and carpools (Row 71). 

The "Adjustments" section has the purpose of balancing the freeway, express, and HOV volumes 
based on various factors. The five adjustments on the values of CL V accomplished in this section 
are as follows: 

• Adjusted CL V from the volume per lane versus Ridership Iteration (Row 76 to Row 
80)-This correction takes the input value for freeway CL V and applies the predictive HOV 
ridership equation to find the number of new HOV riders that can be created. This correction 
utilizes the "Iterations" section which begins in row 131 and continues until row 169. 
Additional information is also referenced in this adjustment and is provided in row 171 to row 
180. The result is a freeway congestion level that is consistent with the HOV ridership value. 

• Adjusted CL V for HOV Capacity (Row 83 to Row 89)-This modification examines the 
HOV CL V per lane and compares it to the listed capacity. If the capacity has been exceeded, 
carpool and bus passengers are "sent back'' to the general purpose lanes in the occupancy rate 
specified in row 28. 

• Adjusted CL V for General Purpose Congestion (Row 82 to Row 98)-In some 
circumstances, new HOV riders are estimated even though freeway capacity is not exceeded. 
This adjustment "sends back" enough HOV riders to fill the general purpose freeway lanes 
to capacity. 

• Adjusted CL V for Max Percent New Carpools (Row 101 to Row 105)-This adaptation is 
performed if the calculated percentage of new carpools exceeds the specified limit from the 
inputs in row 25. If this occurs, carpools are "sent back" to the general purpose lanes until 
the percentage is lowered to the maximum permitted. 

• Adjusted CL V for Corridor (Row 108 to Row 127)-Knowing that carpools and bus 
ridership cannot be assembled and dispersed from section to section, this adjustment identifies 
the critical section of the corridor, and adjusts the HOV riders and bus passengers for the 
other sections based on the critical section. 
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Other modifications can be made to the CL V sheet to meet particular needs. Caution must be 
employed, however, when altering the worksheet from its current form so that existing cell references 
are preserved. 

Cost Sheet 

The Cost sheet uses the inputs from the input and unit sheets and outputs from the other sheets to 
obtain the capital cost of construction and right-of-way, the operation cost, and the recurrent cost 
of congestion for each section of an alternative of a freeway corridor. The costs of tolls, nonrecurrent 
congestion, emissions, and fuel consumption are determined in the following worksheets and 
summarized in the Cost sheet. 

The alternative title, sectional information, and the number of lanes are shown at the top of the 
worksheet in row 6 to row 26, and additional corridor inputs in row 144 to row 151 at the bottom 
of the worksheet are also reproduced from the unit sheet. 

The critical lane volumes from the CLV sheet are shown in row 22 to row 33, and occupancy rates 
also from the CL V sheet are shown in row 34 to row 3 7. 

The summation of all costs per direction in millions are annualized and shown in row 39 to row 50. 
These costs per direction are summed and reproduced on the Output sheet. 

Row40 
Row41 
Row42 

Row43 

Row44 

Row45 

Row46 

Row47 
Row48 
Row49 

Construction Cost - the annualized summation of construction cost. 
ROW Cost-the annualized summation of right-of-way cost. 
Operation Cost - the annual operating and maintenance cost for the 
alternative. This parameter is determined only one time per alternative and 
appears only in column B. 
Pk Hr Recmt Congstn Cost - the average annual cost of recurrent congestion 
only during the two peak hours. 
Recmt Congstn Cost - the total average annual cost of recurrent congestion 
for all hours. 
Nonrecrnt Congstn Cost - the total average annual cost of nonrecurrent 
congestion for all hours. 
Emissions Cost - the average annual control cost for emissions of VOC, CO, 
andNOx. 
Fuel Consumption Cost - the average annual cost for fuel. 
Toll Cost - the average annual amount paid in tolls. 
Toil Revenue (-$M) - the amount of tolls collected minus some operating 
costs. 

The peak hour critical lane volumes, the shoulder hour lane volumes, and the off hour lane volumes 
are summarized in row 52 to row 67. The number of transit riders per hour are shown in row 69 to 
row 73. The truck volumes per hour per lane are shown in row 75 to row 85. 
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The lost time calculations in row 87 to row 103, based on the lane volumes in row 52 to row 67, are 
used to determine the recurrent congestion. 

The recurrent congestion costs per hour are calculated in row 105 to row 110. 

The minimlllll required right-of-way (ROW), the ROW cost, and the number of frontage road lanes 
are calculated in row 112 to row 120. 

Row 113 

Row 114 

Row 115 

Row 116 
Row 117 
Row 118 
Row 119 
Row 120 

Base ROW feet - the average width of the existing ROW for each section of 
the freeway corridor. 
ROW Cost $/Sq ft - The average cost in dollars per square feet for additional 
ROW for each section of the freeway corridor. 
Existing F .R. Lanes - the existing number of frontage road lanes for each 
section of the freeway corridor. This worksheet only calculates the cost of 
new frontage roads where the frontage road currently exists and where 
additional ROW is needed. If no additional ROW is needed, it is assumed that 
the frontage roads are not relocated or reconstructed. 
Required ROW feet - the minimum ROW for the alternative in feet. 
Total required ROW feet- the sum of the required ROW in each direction. 
Added ROW feet - the additional ROW needed over the base ROW. 
Total lanes - the total number oflanes. 
Total F.R lanes - if the total number of lanes are greater than eight then there 
are three frontage road lanes in each direction; otherwise, there are two in 
each direction. 

The capital cost of construction is calculated in row 122 to row 126, and the construction costs from 
the unit sheet are shown in row 128 to row 136. 

Sheet A 

This worksheet determines the toll effects for a traditional tollway, that is, tolls on each general 
purpose lane. The toll cost to travel time delay cost equation is set up with the assumption that 
vehicles that do not pay toll are forced to the arterial street network with a constant travel delay of 
three minutes per mile (1.9 minutes per km), which is equivalent to 15 mph (24 kph). Because of this 
assumption, the all tollway option should not be run with any combination of additonal lanes. It is 
conceivable to have an HOV lane within a tollway section, though it is uncertain how the toll will 
effect HOV formation. Such an alternative would be inappropriate for this spreadsheet. On the input 
sheet, each section should either be all toll general purpose lanes or all free general purpose lanes. 
A mixture of free sections with toll sections is suitable for analysis. 

Alternative data is shown in row 6 to row 24, and additional corridor inputs are shown at the bottom 
of the worksheet in row 148 to row 156. 
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The initial general purpose demand per lane per hour is calculated in row 26 to row 31, and the 
initial toll demands are calculated in row 33 to row 38. The initial left and right sides of the toll cost 
to delay cost equilibrium equation are calculated in row 40 to row 45 and row 47 to row 52. 
Iterations on the equation are made in row 56 to row 83, and the adjusted demands are shown in row 
87 to row92. 

The spillover calculations for capacity in the general purpose lanes are made in row 94 to row 106. 
The volume shifted to parallel routes is shown in row 108 to row 113, and the recurrent congestion 
cost for the shifted vehicles is estimated in row 139 to row 144. The per hour and daily totals for 
the toll cost and toll revenues is estimated in row 117 to row 133. 

Sheet B & Sheet C 

Sheet B determines the toll effects for a mixture of toll lanes and free lanes within a section, and 
sheet C uses the same procedure to determine the toll effects for a mixture of HOT lanes and free 
lanes within a section. Similar to the problem noted in sheet A, toll lanes and HOT lanes should not 
be mixed within a section, since the effect on HOV formation is uncertain. It is alright to mix 
express lanes and HOV lanes within a section. Toll lanes and HOT lanes should also not be mixed 
within a corridor alternative. 

Alternative data is shown in row 6 to row 29 of both worksheets, and additional corridor inputs are 
shown at the bottom of both worksheets in row 160 to row 167. 

The initial general purpose demand per lane per hour is calculated in row 31 to row 38, and the 
initial toll or express volumes on sheet B or the HOV volumes on sheet C per lane per hour are 
calculated in row 38 to row 42. The initial toll HOT demands that result in no delay in the free 
general purpose lanes are calculated in row 50 to row 54. The initial left and right sides of the toll 
cost to delay cost equilibrium equation are calculated in row 62 to row 66 and row 68 to row 72 on 
both sheets. Iterations on the equation are made in row 76 to row 99, and the adjusted general 
purpose demands are shown in row 103 to row 108. 

The spillover calculations for capacity in the general purpose lanes are made in row 110 to row 122, 
and the toll or express lane volumes or the HOT or HOV lane volumes are estimated in row 136 to 
row 140. The per hour and daily totals for the toll cost and toll revenues are estimated in row 144 
to row 156. 

Sheet D 

The nonrecurrent congestion calculations are located in sheet D. Alternative information and 
additional corridor information needed to estimate nonrecurrent congestion levels is located in row 
6 to 31 and row 264 to row 276. The lane volumes adjusted in sheets A, B, and C are shown in row 
33 to row48. 
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The vehicle distance of travel is calculated in row 50 to row 65. The section average vehicle speed 
estimated from the lane volumes is shown in row 67 to row 82. The speed allows the vehicle miles 
per incident to be estimated in row 84 to row 99, and the number of incidents pe. section are 
estimated in row 101 to row 116. 

The capacity reduction for each incident is shown in row 118 to row 121, and the reduced capacity 
is calculated in row 123 to row 138. The volume to capacity ratio is shown in row 14\J to row 155. 
The adjusted speed based on the volume to capacity ratio is estimated in row 157 to 172. The 
vehicle miles per incident and the number of incidents are recalculated based on the adjusted speed 
in row 174 to row 208. 

The service rate volume, which is the expected level of flow through the reduced capacity section, 
is estimated in row 210 to row 225. The duration of queue per incident in hours is calculated in row 
227 to row 242, and the additional delay per hour in vehicle hours is calculated in row 244 to row 
259. 

Sheet E 

The emissions calculations are located in sheet E. Alternative information and additional corridor 
information is located in row 6 to row 19 and row 342 to row 356. The lane volumes adjusted in 
sheets A, B, and Care shown in row 28 to row 43. The vehicle distance of travel per section per 
hour is shown in row 45 to row 60. The section average vehicle speed estimated from the lane 
volumes is shown in row 62 to row 67. 

The emissions in grams per vehicle mile are estimated in row 79 to row 131. The total hourly 
emissions are summed in row 135 to row 187. The. emissions due to vehicles shifted to parallel 
routes from tollways are estimated in row 193 to row 225, and the additional emissions from 
nonrecurrent congestion are estimated in row 230 to row 336. 

Sheet F 

The fuel consumption calculations are located in sheet F. The same procedure used to calculate 
emissions is used to calculate the fuel consumption per alternative. The alternative information and 
additional corridor information is located in row 9 to row 19 and row 177 to row 186. The lane 
volumes adjusted in sheets A, B, and C are shown in row 25 to row 40. The vehicle distance of 
travel per section per hour is shown in row 42 to row 57. The section average vehicle speed 
estimated from the lane volumes is shown in row 59 to row 74. 

The fuel consumption in gallons per vehicle mile is estimated in row 76 to row 92. The total hourly 
fuel consumption is summed in row 96 to row 112. The fuel consumption due to vehicles shifted 
to parallel routes from tollways is estimated in row 115 to row 133, and the additional fuel 
consumption from nonrecurrent congestion is estimated in row 138 to row 172. 
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Sheet G 

Sheet G contains the look up table of emission rates and fuel consumption rates that are needed to 
estimate the amount of emissions and fuel consumption in sheets E and F. The emission rates were 
obtained from MOBILE5a runs for the Dallas/Ft. Worth region. The fuel consumption rates were 
estimated using the ARFCOM program, and the same vehicle mix was used for the emission rates. 
If different rates are used, it is important that the rates are placed in the correct cells corresponding 
with the column headings and the speeds in column A. The default rates should be suitable for other 
locations since only the relative difference in emissions or fuel consumption is needed for comparing 
different alternatives. 

&pandina the worksheets 

The spreadsheet is setup with eight sections, and several steps are required to expand or add sections 
to the spreadsheet. On the Input sheet, copy column I above the additional corridor Inputs in row 
68 to column J or to as many additional columns as needed, and repeat this step for the Unit sheet. 
On the Output sheet, a column or the required number of columns needs to be inserted into column 
J, and the new sections can be copied from column I. The subtotal equations must be changed to 
include the new columns in the summation - change the reference in each equation from column I to 
column J or the last column. The remaining sheets have sections for both the peak and off peak 
directions oftrave~ and it is important that column M not be copied over. For the CLV sheet, insert 
the necessary number of columns between column I and column M. Copy column I to column J or 
to as many additional columns as needed, and copy column U to column V or to as many additional 
columns as needed. The equation shown in row 77 of the CL V sheet must be modified. For the 
"SUM($B34:$I34)" part of the equation, the letter of the column corresponding to the last (right 
most) column used must be inserted for the current value "I." The equations in rows 108, 109, 114, 
and 115 most also be changed in the same manner. All other equations refer to only one section or 
column at a time. The remaining sheets: the Cost sheet, and sheets A, B, C, D, E, and F, require only 
that the necessary number of columns be inserted between column I and M, and that columns I and 
U be copied to columns J and V or to as many additional columns as needed. No changes are needed 
for sheet G. 

Summary 

The worksheets, described in the preceding sections, allow the user to compare alternatives for a 
freeway corridor, based upon total cost of capital, recurrent and nonrecurrent congestion, emission 
controls, fuel consumption, and tolls. This spreadsheet can be modified from the original format to 
allow the user to base the alternative comparisons on additional parameters; however, caution must 
be employed when altering the spreadsheet from its current form so that the existing cell references 
are preserved. It is important for the user to determine the reasonableness of the output from the 
spreadsheet. 
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A I 8 I c I D I E I F I G I H I I I J 

t System Plan Corridor Critical Lane Volume and Public Cost Analysis Output -....!.. srsi-of Units: us 
...!.. ZZ-&lp-t7 

...!. Corridor: Interstate IQ( Oe$ign Year: 2020 
5 Albmwltive: 1 Example -i-.!.. 
7 F-ay Sec:tlon: 1 2 3 4 5 6 7 8 

....!.. Sectioft Umila: A·B B·C C·O O·E E·F F-G G·H H·I 

-To Lenglll (Mhs) 
Lengll'I Al-Onlde 2 6 2 o~I 

1 I I 1 -...!.!. Leng111Ekw81ed 0.2 0.6 0.5 0.1 02 0.2 0.2 

.B 
tl Traffic Inputs: - 237."53 139,375 150.000 150,000 150,000 

~ 
F-.yADT 311, 172 232.989 211. 
HOVMIT 13.186 10,847 8.582 2.253 3.000 3.000 3.000 
AD Tnrnit Rldin 0 1,421 4,098 4,098 200 200 200 

...!! F-.yK 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 

..!!. F-*YD 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 

...:!!. C.vpool Oc:c:upancy 2.20 2.20 2.20 2.20 2.20 2.20 2.20 2.20 

Ji GP Occupancy 1.05 1.05 1.05 I.OS I.OS 1.05 1.05 1.05 

~ Lane Inputs: 

~ 
Eldating .__ I el 61 el 61 el el 61 el 

~ 
.._......__, 

~ 
~ ............. , ... 12 10 10 10 6 8 8 8 
~Purpose Tall 0 0 0 0 0 0 0 0 

Jr i:_..RevAt~ 0 0 0 0 0 0 0 0 

.1! ExpfHs Rev e ... - 0 0 0 0 0 0 0 0 

2! i:_..Bi-<ln:tAI~ 0 0 0 0 0 0 0 0 

.1! .......... Bi-dn:t Elevated 0 0 0 0 0 0 0 0 

2! TollRevAI~ 0 0 0 0 0 0 0 ~ 

~ Tall Rev Elevated 0 0 0 0 0 0 0 

: .B. ToAlll-dn:tAI~ 0 0 0 0 0 0 0 

..1:! Tall Bi-dn:t Elev- 0 0 0 0 0 0 0 

.1! HOV Rev At~ 0 0 0 0 0 0 0 0 

~ HOVRevEl""- 0 0 0 0 0 0 0 0 
HOVBi-dn:tAI~ 0 0 0 0 0 0 0 0 - HOV 111-dn:t Elev- 0 0 0 0 0 0 0 0 2! 

..l! HOTRevAI~ 0 0 0 0 0 0 0 0 

...!!. HOT Rev Elevated 0 0 0 I 0 0 0 0 
41 HOTBi..in:tAt~ 0 0 0 I 0 0 0 0 -..£ HOT Bi-dn:t B""aled 0 0 0 I 0 0 0 0 

...!! 
44 Peak Hour Peak Oitlilction Volume per Lane: 

3! Gen«al ....._ 2.<IOO 2.400 2.400 2.400 2.400 2.015 2.015 2.015 

~ ""-"'1'oll 0 0 0 0 0 0 0 0 

...£ HOV/HOT 0 0 0 0 0 0 0 0 

~ T,..,:oit Rldin (Persons! 0 355 725 1.025 1.025 50 so so 
49 Occupancy Rate 1.21 1.26 1.29 1.29 1.26 114 I 14 1.14 -~ 
51 Peak Hour Off Peak Diniction Volume per Lane: ....._ 

...!! Gen«al...._ 1.826 1,619 1,471 1,598 1,571 1,296 1.296 1.296 

..!! ""-"'1'oll 0 0 0 0 0 0 0 0 

it HOV/HOT 0 0 0 0 0 0 0 0 
T,..,:oit Riders (Personal 0 0 0 0 0 0 0 0 

::!! Occupancy Rate 1.14 1.13 1.13 1.08 1.06 109 109 1.09 

..!!. 
SI Costs ($Million): ~ 

}! Conslruction Cost SIS.90 $111.39 $7.15 Sil $2 St.19 $1,76 $176 $1.76 $47.44 

..!!!. Right of Way Cost SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD $0.00 

..!!. ~Cost S0.10 SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD S0.10 

..!! Pk Hr Reant Congsln Coal $4.39 $11.61 $4.58 SS.76 $1.25 S0.07 S0.07 S007 $27.79 

..!! Recmt~Coal $13.81 $25.09 $4.90 $13.98 $1.39 S0.07 $007 S0.07 $59.37 

~ Subtotal Costs $106.91 

..!!. -·~Coal $28.54 $52.04 $11.91 $31.73 $3.32 so 17 S0.17 S0.17 $1211.07 

~ Emissions Cost $4.61 SI0.32 $3.35 SS.08 Sl.02 $1.16 $1.16 $1.16 $27.85 
Fuel Consumption Cost $2.26 SS.02 $1.69 $2.45 S0.51 S0.58 S0.58 S0.58 $13.67 

::!! Toll Cost SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD 
69 Toll R- (-SM) SO.OD SO.OD S0.00 SO.OD SO.OD SO.OD SO.OD SO.OD SO.OD 

Tii Toll! Costs (SM) $56 $29.00 I -1.75 $7.44 $3.74 $374 $3.7• $276.50 
7i 
~ Tall Costs (S/veh-mile) 

..!! PeMl'bl SO.OS 

* - Period Shoo.older Ho<n S0.04 
Off Peak PeroOCI Hoo.I'$ $002 

SPM Output Sheet 
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