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IMPLEMENTATION STATEMENT

This study was sponsored by the Texas Department of Transportation (TxDOT) as part of an
effort to identify a balanced transportation system for the future in the Dallas area. The system should
accommodate the projected travel demand at the lowest public cost. The Dallas System Planning
Study was a coordinated effort of the Texas Department of Tranéportation (TxDOT), Dallas Area
Rapid Transit (DART), and the North Central Texas Council of Governments (NCTCOG) with

technical assistance from the Texas Transportation Institute (TTI).

The mission of the study is to provide an intermediate planning step between the macroscopic
planning analyses performed by NCTCOG and TxDOT's Regional Planning Office and the detailed
corridor analysis performed during the design phase of a roadway improvement project. The
proposed system is a set of recommendations to be considered and evaluated as part of the

development of the Mobility 2010 Plan Update, the long-range transportation plan for the Dallas area.

The Dallas System Planning Study was developed using a methodology that focuses on peak-
hour passenger travel demand for the freeways in Dallas and surrounding counties. The study
analysis differs from other planning efforts in the region by its focus on peak-hour passenger travel
demands and roadway operating conditions, the use of 2015 as the design year for the facilities, and
the acceptance of congestion for some alternatives to induce travel in higher-occupancy modes. The
intent of the effort was to provide a system that served the travel needs with a reasonable and

balanced level of congestion.

The study methodology uses an iterative process to examine congestion and the consequent
shift in mode so that these two factors are consistent for an alternative. The proposed system
balances money saved in construction against money lost in delay to find the optimum combination

of mixed-flow, HOV, and express lanes necessary to move the demand.
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SUMMARY

The Dallas Freeway/High-Occupancy Vehicle (HOV) System Planning Study is a joint project
in cooperation with the Texas Department of Transportation (TxDOT), Dallas Area Rapid Transit
(DART), the North Central Texas Council of Governments (NCTCOG), and the Texas
Transportation Institute (TTI). The mission of the study is to provide an intermediate planning step
between the macroscopic-level planning performed by TxDOT's Regional Planning Office and
NCTCOG and the detailed corridor design analyses performed by the district office of TxDOT. The
intent of this effort is to assist in the development of an area-wide freeway/HOV system that
recognizes implementation constraints (right-of-way and construction costs), and provides reasonable
peak-hour operating conditions on all freeway facilities, while incorporating the long-range plans

developed by TxDOT, DART, and NCTCOG.

The Dallas System Planning Study is technical in nature and does not address issues such as the
programming responsibilities of the agencies involved, the staging or priority of projects within each
corridor, the source of funding for the recommended capacity improvements, or community concerns
including the environmental effects of the recommended improvements. The proposed system is a
set of recommendations to be considered and evaluated as part of the development of the NCTCOG

Mobility 2010 Plan Update, the long-range transportation plan for the Dallas area.

The recommended system in the Dallas System Planning Study was developed using a
methodology that focuses on peak-hour passenger travel demand in the year 2015 (derived from the
year 2010 24-hour volume assignment provided by NCTCOG) for the freeways in Dallas and
surrounding counties. The goal of the Dallas System Planning Study has been to find the lowest
public cost alternative in each corridor, for a given volume of peak-hour person trips. This
framework views travel delay, construction, and operation of roadways as costs to the public. It also
recognizes that some motorists will change their mode of travel when given the opportunity to avoid

congestion, resulting in more transit and carpool use (rail passenger volumes were held constant as

provided by NCTCOG).
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The Dallas System Planning Study methodology uses an iterative process to examine congestion
and the consequent shift in mode so that these two factors are consistent for an alternative.
The proposed system balances money saved in construction against money lost in delay to find the

optimum combination of mixed-flow, HOV, and express lanes necessary to move the demand.

Multiple alternatives were evaluated for each corridor. Costs to the public, including
construction, right-of-way, operating, and congestion costs, were summed for each alternative, and
the least public cost alternative was selected as optimum. Figures S-1 and S-2 illustrate the
recommended alternatives resulting from the analyses. These alternatives have been adjusted where

necessary to maintain compatibility with adjoining freeway sections.

It is important to note the change in public goals implied in the Dallas System Planning Study:
Future congestion is accepted on freeways in Dallas during peak-hours, and carpooling or use of
tramsit is the solution offered to escape it. This is a policy issue that needs to be understood, debated,
and accepted or rejected before the recommended system can be partially or wholly adopted by any

agency in the region.
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I. INTRODUCTION

The Dallas Freeway/HOV System Planning Study is a joint project in cooperation with the
Texas Department of Transportation (TxDOT), Dallas Area Rapid Transit (DART), the North
Central Texas Council of Governments (NCTCOG), and the Texas Transportation Institute (TTT).
The mission of the study is to provide an intermediate planning step between the macroscopic-level
planning performed by TxDOT's Regional Planning Office and NCTCOG and the detailed corridor
design analyses performed by the district office of TxDOT. The intent of this effort is to assist in the
development of an area-wide freeway/HOV plan that recognizes implementation constraints (right-of-
way and construction costs), provides lane balance and interchange configurations that will give
balanced and reasonable peak-hour levels-of-service on all freeway facilities, and incorporates the

long-range plans developed by TxDOT, DART, and NCTCOG.

The Dallas System Planning Study is technical in nature and does not address issues such as
the programming responsibilities of the agencies involved, the staging or priority of projects within
each corridor, or the source of funding for or the community concerns about recommended capacity
improvements. The proposed system is a set of recommendations to be considered and evaluated as
part of the development of the NCTCOG Mobility 2010 Plan Update, the long-range transportation

plan for the Dallas area.

There are two key aspects that distinguish this system planning effort from typical planning
efforts. First, the sizing of the facilities is based on peak-hour operation of the freeways and freeway
interchanges. Sections of facilities should have no more capacity than can be loaded and unloaded
during the peak-hour. Peak-hour constraints on the existing and future freeway systems were
analyzed to determine where any bottlenecks could be removed, where additional parallel capacity

could be built, and where the constraints would be inevitable.

Second, the different transportation modes (commuter rail, light-rail, buses, carpools, and
single-occupant vehicles) were analyzed as a system. During the analysis, the peak-hour person
demand for each corridor and for the system was held constant, while various alternatives were

evaluated on how efficiently and cost effectively the demand was served. An important difference

1



between the Dallas System Planning Study and traditional freeway planning efforts is the
quantification of congestion on the mainlanes for any alternative. The cost of building additional
capacity is weighed against the cost of congestion to the motorist. The alternative with the total
lowest cost is selected as the "best" alternative, assuming the alternative is compatible with the

connecting facilities.

This report describes the methodology used to develop the recommended Dallas
freeway/HOV system, the assumptions that went into each step, and the final output of the system

planning analysis.



II. BACKGROUND

The Dallas urban area considered in the Dallas System Planning Study includes all of Dallas
County and the southern portion of Denton and Collin Counties. The existing freeway system and four
proposed freeways (SH 161, SH 190, Trinity Parkway/West Fork Freeway, and Santa Fe Bypass) are
shown in Figure 1. All of these corridors were evaluated in the study except for the southern half of US
75 (between the central business district and IH 635) and the Dallas North Tollway. US 75 is currently
being upgraded to an eight-lane freeway with a light-rail transit facility in the corridor. Acquisition of any
additional right-of-way in this corridor for the purpose of increasing capacity would be very costly due
to the development along the corridor. The Dallas North Tollway is also within a narrow right-of-way

with little room for additional capacity.

TxDOT maintains a 10-year Project Development Plan that includes all freeway and principal
arterial facilities planned on the state system (1). This plan gives priority to the approved projects in the
Dallas District. In 1985, TTI developed an HOV System Plan for the Dallas District of TxDOT (2). This
plan evaluated the viability of HOV facilities in corridors that did not include fixed-guideway transit
facilities proposed by DART. In 1989, DART updated their long-range transit system plan to include
light-rail facilities, HOV lanes, and a commuter rail line (3). In 1990, NCTCOG produced the Mobility
2010 Plan (4). This plan is the region’s current 20-year transportation plan for guiding the implementation
of roadway and transit improvements in the Dallas/Fort Worth metropolitan area. The NCTCOG Mobility
Plan incorporates the plans of all agencies and municipalities, evaluates future travel demand and system

alternatives, and presents the alternatives necessary to best meet the mobility needs of the region.

The plans from the different agencies produced slightly different alternatives within the system due
to the starting assumption and the goal of each plan. TxDOT developed a freeway plan with no
preferential treatment; NCTCOG developed a plan to best meet the mobility needs of the region with
traffic flow speeds of 72 kph (45 mph) or better during the peak-hours of travel, and DART developed
a long-range transit system plan. As these plans move toward implementation, it is becoming essential
that all the components be compatible. The Dallas System Planning Study was an effort to bring together
the various plans and develop an analysis technique to balance the supply of, and demand for,

transportation facilities in the Dallas area.
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IIIl. METHODOLOGY

A major effort in the Dallas System Planning Study was developing a methodology to create
and analyze both a freeway and HOV system. As procedures were formulated they had to be tested
for viability. The IH 30 East corridor was the test corridor for the methodology because: 1) there
were extensive vehicle data from other projects previously completed by TTI and 2) this corridor
exhibited the typical problems expected in an urban area such as existing congestion, high demand,
major freeway-to-freeway interchanges, and lane balance questions.

The goal of the study was to provide an efficient and cost effective transportation system to
the public. This would be measured by: 1) the cost to construct the system (including right-of-way
and rehabilitation to existing freeways); 2) the cost to operate the system; and 3) the cost of

congestion where the system does not adequately meet the demand.

The methodology consists of five major efforts:
1) Data input;
2) Alternatives analysis;
3) Cost analysis;
4) Alternative selection; and

5) Operational analysis.
Each of these steps in the study will be discussed in more detail in subsequent sections of this report.

The strategy of the Dallas System Planning Study was to determine the demand, try to serve
the demand with different alternatives, apply mode shift (commuters who change their modes of
travel due to congestion) as appropriate, and estimate the cost of the alternative. This, however,
quickly became an iterative procedure, because the design of one section impacted the design of
adjacent sections. After the critical sections of the system were examined, adjacent sections in the

system had to be analyzed for compatibility.






IV. INPUT NEEDED FOR THE FREEWAY/HOV
SYSTEM PLANNING STUDY

Because the Dallas System Planning Study is a new planning effort, the methodology evolved
as the system was developed. Similarly, the data and background material needed to produce the
system were defined at different stages of the system planning effort. The following are the primary

input items required for the Dallas System Planning Study analysis:

1) Existing 24-hour volumes for freeways, HOV lanes, bus systems, and transit systems at
critical locations;

2) Complete design year 24-hour volumes for freeways, HOV lanes, bus systems, and transit
systems;

3) Data on percent of daily traffic in the peak-hour, peak-hour directional splits, and peak-
hour truck percentages at several points throughout the system;

4) Roadway plan sheets for freeway corridors showing existing lanes, right-of-way limits,
roadway structures, and buildings adjacent to the corridor; and

5) Updated lists of planned projects in the region.

EXISTING FREEWAY TRAFFIC VOLUMES

For the Dallas System Planning Study, TTI conducted extensive weekday freeway and ramp
counts during 1989 and 1990. These data were collected by both manual and machine methods.
Mechanical counters were used to obtain 24-hour volumes on the freeway mainlanes when loops
were present in the pavement and on each freeway ramp. Manual peak period mainlane counts were

also conducted at various locations throughout the freeway system.

The mainlane volumes were then computed for each freeway subsection by adding and
subtracting ramp volumes along each corridor from a manual or machine mainlane count. The
mainlane volumes were spot checked for accuracy through additional manual counts and/or machine
counts. The accuracy check criteria was a 10 percent difference between computed volumes and

volume counts on the freeway mainlanes. If a calculated volume differed from a count by more than



10 percent, the ramp counts throughout the corridor were adjusted by 10 percent or less to bring the
calculated volumes back in balance with the count. The one exception was the northern section of
IH 635 (between IH 35E and US 75) which had a plus or minus 20 percent tolerance due to the

variability of existing daily traffic volumes in that corridor.

The result of this effort was 24-hour and morning and evening peak-hour volumes for each
ramp and freeway section between ramps on urban freeways in the Dallas urban area. These data
have been summarized by corridor in a separate document (5). From these counts, researchers
calculated peak-hour directional splits and peak-hour truck percentages. In addition, they used these
data to estimate the percentage of daily traffic occurring in the peak-hour (also referred to as the K-

factor).
DESIGN YEAR 24-HOUR VOLUMES

The design year two-way 24-hour volumes and selected link data were obtained from
NCTCOG. The design year 24-hour volumes are the result of several computer model assignments
performed for NCTCOG's Regional Mobility Plan, which includes a regional HOV, express lane, and
light-rail system. The analysis year for those assignments was 2010, and the forecasted volumes
include carpools, buses, commuter rail, light-rail, and general-purpose freeway vehicles. While the
NCTCOG volumes were forecast for the year 2010, TxDOT required a design year of 2015 for the
Dallas System Planning Study. The NCTCOG volumes were, therefore, increased at a growth rate
of two percent per year for five years for use in the study. The two percent growth per year is a

typical historical annual growth rate in the Dallas urban area.

Year 2015 24-hour volumes were determined on each link in the existing Dallas freeway
system. These were compared to the 1989/1990 traffic counts collected by TTI as well as the base
year 1986 assignment by NCTCOG to ensure reasonable growth rates. Working with staff from all
agencies, researchers agreed upon some adjustments to the year 2015 assignment in areas where the

1986 base assignment did not correlate well with the 1989/1990 TTI counts. These comparisons are

plotted by corridor and presented in Appendix A.



The year 2015 assignment was used to develop volumes for all freeway sections and ramps.
In some cases where existing ramps were not modeled in the NCTCOG assignment, other refinements
had to be made to the year 2015 volumes to determine the freeway ramp volumes. The 1989/1990

24-hour volumes and the year 2015 24-hour volumes are also presented in Appendix A.

Researchers requested and obtained from NCTCOG selected link data, which give the origins
and destinations of trips on a specific link of roadway. They used more than 20 selected link locations
to determine the most logical path of vehicles throughout the system during the peak-hour. The base
assumption was that the 24-hour selected link data would replicate the peak-hour conditions. While
there is some question as to the validity of this assumption, NCTCOG felt that their peak-hour model,
at the time the data were requested, was not sufficiently refined for use in the Dallas System Planning

Study.
K-FACTORS AND DIRECTIONAL SPLITS

The design hour volume is used to determine the size of a facility, which in turn affects the
amount of right-of-way needed, the quantity of materials needed to build the facility, the design of
the connections to other sections of freeway or arterial streets, and the effort needed to operate and
maintain the facility. Accurate estimations of design year peak-hour volumes is, therefore, critical
in the Dallas System Planning Study. During the initial stages of the study, it was suggested that the
NCTCOG peak-hour assignment could be used to estimate peak-hour demand. It was, however,
determined that the peak-hour assignment was not sufficiently calibrated for use in the study.
Traditional use of K-factors and directional splits applied to forecasted 24-hour volumes was,

therefore, employed to determine peak-hour demand.

The 24-hour volume is multiplied by the K-factor (ratio of the 30" highest hour to average
daily traffic) and the directional split (the proportion of traffic occurring in the peak direction of travel
during the peak-hour) to estimate the amount of traffic that will use a facility during the design hour.
Examination of research on K-factors and directional splits found that little information existed on
the use of these planning parameters for forecasting purposes in urbanized areas. This need initiated

a research project in 1987 to analyze these parameters.



A TTI research report titled "Development of Planning Values for Urban Freeways in Large
Texas Cities" presents the results of this research (6). The data base used in that research effort to
evaluate these planning parameters was the permanent automatic traffic recorders in five major cities
in Texas. The permanent automatic traffic recorders are installed at limited locations on the freeway
system throughout the state. The traffic recorders are operated and maintained by TxDOT. Data

from the traffic recorders are summarized annually by TxDOT (7).

The problem with the data base used in the research was that many of these count locations
are located in congested sections of freeway, thus resulting in constrained volumes and relatively low
values of K-factors and directional split (as compared to unconstrained sections). The constrained
points were, therefore, eliminated from the data base. There were not enough remaining count
locations to do a statistically significant analysis. The research report does, however, include
reference tables that stratify ranges of K-factors and directional splits based on values of the following
variables: 1) daily volume per lane; 2) distance from major employment centers; 3) employment
density in the corridor; 4) volume-to-capacity ratio; 5) length of peak-period congestion; and 6) type

of facility (radial or circumferential).

Two findings from the research are significant, however, and were used in developing the
Dallas System Planning Study. First, the traditional K-factor is inappropriate for use in estimating
design hour volumes because the 24-hour volumes are forecast for a typical weekday and K-factors
are based on average daily traffic which includes holidays and weekends. Second, the directional split
during the 30™ highest hour may not be appropriate for a typical weekday because it also includes

holidays and weekends.

The K-factors used in the Dallas System Planning Study for each freeway were representative
values selected from multiple sources. K-factors were obtained from permanent automatic traffic
recorders, TxDOT's Transportation Planning and Programming Division in Austin, and data collected
by TTI. The directional split for each section of freeway was computed from the peak-hour manual

counts conducted by TTI. Table 1 summarizes the K-factors and directional splits used for each

freeway corridor.
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Table 1. K-Factors and Directional Splits

FREEWAY SECTIONS
TH20 Cfi‘;fét SH 161 5 p%r Us 67 1H35 1H15 1HB35 %}{ff
K-Factor: 108 105 105 08 08 108 Riels)
Directional Split: .58 58 .58 .58 .58 .58 .58
East I%%Bighomton 1545 Peak E. Grand Ferguson US 80 1635 SHEQO
K-Factor: .085 085 085 085 085 .085
Directional Split: .69 .69 .69 .69 .69 .69
TH30W Sli 360 SH ‘161 Loop 12 Han}pton Tri{xity IHB.‘I)E
K-Factor: .085 085 085 085 .085 .085
Directional Split: .65 .65 .85 .65 .65 .60
Slggifons SH 121 g?;?észsl SH 190 1H635 Loop 12 SH 183 D-N.T.
K-Factor: .09 .085 .08 .08 .08 .09
Directional Split: .58 .58 .58 .56 .56 53
South é%?%‘gornton Trinity Ewing us 67 HIZ0 E:V).’Ale‘
K-Factor: 085 .88 085 085
Directional Split: .60 .65 .85 .85
IH45 IHSIO us L1'?5 S%;]t);s}s;‘e ]llir‘wis 1H20 ggl}gy Eflxite-
K-Factor: AG A0 10 A0 10 10
Directional Spiit: 70 70 70 .70 70 .70
IHGSISBJ EAST Us 75 Skillman Garland 1H30 USs 80 1H20
K-Factors 08 085 085 085 088
Directional Split: .55 .65 .65 .60 .60
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Table 1. K-Factors and Directional Splits (continued)

FREEWAY SECTIONS
IH635LIIB\.TI (EB) c%?;éy SH 190/161 TH35E D.N.T. us 75
K-Fagtor: .08 .08 08 .08
Directional Split: .60 60 .50 .50
IHGSSL}Q} (WB) R avicd SH 190/161 IH35E D.N.T. Us 75
K-Factor ¢ .08 .08 .08 08
Directional Split: 40 .40 50 .50
UsS 67 I 35 Hampton 1 20 Eﬁ;;'
K-Factor: 085 085 085
Directional Split: .65 .65 .65
US 75 IH 635 Spring‘ Valley Ara;lwaho SH 1[90 15th Par‘ker
K-Factor: 08 08 08 08 .08
Directional Split: 55 55 55 55 55
Us 80 1 30 Town East I 635 Eiergg—
K-Factor: 085 085 085
Directional Split: 69 69 69
US 175 H 45 S%?;?sge 2nd Ave. Jim Miller 1H 20 Eier;f;
K-Factor: 10 10 10 10 10
Directional Split: B9 B9 .69 .69 .69
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Table 1. K-Factors and Directional Splits (continued)

FREEWAY SECTIONS
SH 114 C2?5?§y SH 161 Spur 348 Loop 12 SH 183
K-Factor: 094 094 094 094
Directional Split: 85 65 55 55
SH 161 H 20 IH 30 SH 183 Belt Line H 635
K-Factor: 085 085 085 085
Directional Split: .65 .60 .55 .55
SH 183 Cfo‘il;lr;ty Belt ‘Line MacAlrthur LOOP 12 SH l114 1H ?SE
K-Factor: .085 .085 .085 .085 .085
Directional Split: .65 .65 .60 .60 .80
SH 190 H 635 IH 35 D.N.T. Coit US 76 Blackburn US 78  1H 30
K-Factor: 085 085 085 .085 085 .08s 085
Directional Split: .55 55 .55 55 .55 .55 .55
Loop 12/ Camp
Spur 408 IH 35 SH 183 SH 356 IH 30 Spur 408 1H 20 Wisdom
K-Factor: 089 08¢ 088 .08¢9 .088 089
Directional Split: 55 .85 .68 .65 85 55
Trinity Pkwy IH 35  Wycliff Spur 366 IH 30 1H 35 Sﬁ;‘;;sf  mas  Us 175
K-Factor: 10 .10 10 Jo 10 10 10
Directional Split: .70 .70 .70 70 .70 .70 .70
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ROADWAY PLANS AND PLANNED PROJECTS

Roadway plans and an updated list of planned projects for each freeway corridor were
obtained from TxDOT. The roadway plans were used to verify the existing configuration of the
freeways and to identify any existing operational problems due to geometrics on the freeways.
Roadway plans also assisted in identifying sections of freeway on structure and the existing right-of-

way, which had an effect on the cost of capacity improvements.
A list of planned projects was required to identify any change to the existing system that

would be implemented prior to any recommendations in the Dallas System Planning Study. This

included any projects that are currently under construction or will be constructed in the near future.

14



V. SYSTEM LEVEL CONSTRAINTS

Limitations such as geometric constraints, right-of-way constraints, operational constraints,
environmental constraints, and community concerns will directly impact the viability of alternatives
for the Dallas System Planning Study. The intent of this effort is to recognize implementation
constraints and allow detailed corridor designs to proceed with the assurance that the design will be

compatible with the ultimate design of the remainder of the freeway system.

GEOMETRIC CONSTRAINTS

The geometric constraints include situations where a section of freeway or a direct-connect
freeway ramp in the system is currently near or at capacity during the peak-hour. These sections
effectively "meter" traffic downstream and cause congestion upstream. Capacity improvements are
essential in these areas if upstream corridor improvements are to be implemented. There are some
instances where capacity improvements are not feasible in certain freeway sections. Alternatives

other than freeway widening must, therefore, be considered.

The interchanging freeways around the central business district (CBD) are the most critical
geometric constraints in the system. Figure 2 shows the existing morning constraints, and Figure 3
shows the existing evening constraints around the CBD. Additional capacity on the radial freeways
simply could not be unloaded to the existing street and freeway system around the CBD in light of

these constraints.

IH 30 is the most critical constraint. The cost of reconstructing the depressed sections of IH
30 south of the CBD is extremely high. The option of constructing the Trinity Parkway (from US
175 on the east side to IH-35E on the west side) and the Santa Fe Bypass (from IH-30 east along the
Santa Fe railyard connecting to the Trinity Parkway) was, therefore, investigated. If these facilities
could not be constructed, additional capacity on the radial freeways approaching the CBD could not
be utilized. After discussing this problem with the agencies involved in the development of the
system, the research team made the assumption that the Trinity Parkway and the Santa Fe Bypass

could be constructed. Preliminary design verified the feasibility of this assumption.
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RIGHT-OF-WAY CONSTRAINTS

Right-of-way constraints can also be a controlling factor in the viability of options for
recommended improvements. Land development where right-of-way is required may have
progressed to the point where purchasing the land (including buildings, houses, etc.) is not feasible.

An example of this is US 75 between the CBD and IH 635.

US 75 between the CBD and IH 635 is one of the oldest and most congested freeways in
Dallas County. This section of freeway is under construction and will be widened to eight lanes with
an adjacent light-rail transit facility. There is little or no right-of-way available to add any additional

capacity due to development adjacent to the freeway.

OPERATIONAL CONSTRAINTS

Operational constraints, such as ramp junctions and weaving areas, are also a significant
concern in the Dallas System Planning Study. Locations where freeway operations are hindered must
be addressed before capacity improvements throughout the corridor can be implemented. Such
sections can constrict the traffic flow and limit the amount of traffic that can pass a given section of
freeway. The problem of an existing weave that causes the freeway to operate poorly may be
exacerbated by the addition of another lane to the freeway. The weaving problem will still exist and

any additional capacity will most likely be wasted or not utilized.

This situation occurs on IH 30 near Fair Park. The westbound lanes of TH 30 were
experiencing a significant amount of congestion during the morning peak period and a closer
investigation revealed that one of the operational problems originated in the area of the westbound
First Avenue entrance ramp. TTI conducted an origin-destination study (at the request of TxDOT)
to identify the problem. The origin-destination study consisted of obtaining license plate information
for vehicles utilizing the ramp during the morning peak period and mailing out postage-paid surveys
to these individuals. The results of the study revealed that vehicles were leaving the freeway several
kilometers (miles) upstream, traveling along the principal arterials, and entering at the front of the

queue at the First Avenue entrance ramp. These entering vehicles caused a weaving problem by
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entering the freeway, weaving across the outside lanes, and conflicting with vehicles on the freeway
mainlanes that were trying to get to the two-lane exit ramp to IH 45 located 0.8 kilometers (0.5
miles) downstream. Specifics of this origin-destination study were documented in a technical

memorandum supplied to TxDOT (8).

Changing the geometrics within a corridor may create operational conditions which hinder
the freeway. Every effort has, therefore, been made to identify these problem areas and incorporate
modifications prior to implementation. Merging, diverging, and weaving sections have been analyzed
using the procedures in the Highway Capacity Manual on all existing freeways with potential
bottlenecks (3). The operational analysis of the Dallas freeway and HOV system for year 2015

volumes is discussed in Chapter X.
ENVIRONMENTAL CONSTRAINTS

Environmental constraints are especially critical where new facilities are proposed. Areas
where wetlands, historical landmarks, or parks may be encroached upon due to the alignment of a
proposed facility must be identified. Because highway location and design decisions affect adjacent
area developments, it is important that environmental variables be given full consideration. The
proposed Trinity Parkway alignment parallels the Trinity River. The Corps of Engineers must,
therefore, be consulted to ensure that adverse effects to the river and the surrounding environment
do not occur. TxDOT provided preliminary engineering information on corridors where these issues

had been investigated.

OTHER CONCERNS

The effort described in this report is a system-level assessment of the cost and operation of
the Dallas area freeway corridors in the year 2015. A significant amount of work remains to be done
before this system can be implemented. One important part of that effort will be to obtain input from
the residents and businesses in the Dallas area. The concerns and suggestions from the public, as well
as future financial and design considerations, are elements that may require recommended system

modifications over the next 25 years. That effort is more appropriately addressed at the corridor level

19



during decisions on implementation of individual projects. As projects are approved, the system
should be re-evaluated to determine the effect of any changes; however, at this time, no attempt was

made to do this.
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VI. CORRIDOR ALTERNATIVES ANALYSIS

Once the system constraints were determined, the research team analyzed the individual
corridors for the "best" alternative. The alternatives analysis for each corridor consists of
development and evaluation of several cross sections. The alternatives analysis for the entire freeway
system was an iterative process based on the constraints that would control where traffic could be

loaded and unloaded to other facilities and the demand for each portion of the corridor.

The cross sections evaluated for each corridor (where appropriate) included the existing cross
section, the NCTCOG Movbility Plan cross section, an all general-purpose lane cross section, and
cross sections including express lanes, a 2-or-more (2+) person HOV lane, and a 3-or-more (3+)
person HOV lane. In many cases, variations of each cross section were evaluated such as the number
of HOV or express lanes, at-grade versus elevated HOV or express lanes, and combinations of HOV

lanes and express lanes.

The highest ranking alternative (based on lowest total cost) for each corridor was
superimposed on the system to check for compatibility. At locations where corridor components
were not compatible, the next-best alternative was evaluated for system compatibility. This process

continued until the number of lanes and level of congestion were balanced for the freeway system.

HOV RIDERSHIP ADJUSTMENT FOR CONGESTION

As described earlier, design hour vehicle and person volumes were derived for each freeway
section from the NCTCOG assignment. The total person demand in a corridor was held constant for
the various alternatives being evaluated. Different facilities would, however, handle different vehicle
volumes based on the peak-hour congestion patterns in the corridor. A model, therefore, was needed

to relate carpool and bus ridership with freeway congestion levels.

Any HOV or express lane treatment derives its benefit from a travel time advantage over
congested regular general-purpose lanes. The HOV lane gives priority treatment to vehicles with the

designated occupancy level, and express lanes give priority treatment to vehicles with specific trip
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destinations. The basic user group of the HOV lane is the vehicles that are eligible because of the
number of occupants before the HOV treatment is opened. If the general-purpose facility is
congested, however, people with similar trip patterns will form carpools or ride buses to take
advantage of the time savings. This will have the effect of increasing the average vehicle occupancy
of the traffic stream. The express lanes typically will not encourage the same increase in carpool and
bus ridership because there are no restrictions on vehicle occupancy. The express lanes will provide

time savings only when the congestion level is less than the mainlanes, which can be achieved if the

access points are limited.

While there may be several travel corridor characteristics that might have an impact on the
decision to use an HOV facility, travel time savings over congested general-purpose lanes is the
primary motivation for most commuters to change modes of travel and utilize an HOV facility. To
predict the increase in ridership on an HOV lane, TTI analyzed the data collected on the Houston
HOV lanes. Because the Houston HOV system is the most extensive in the nation and demographic
and land development characteristics are similar in Houston and Dallas, data from the Houston

facilities were used as a gauge to estimate HOV facility ridership in the Dallas System Planning Study.

Daily traffic volume per lane is a measure of the amount of vehicle travel per section of
roadway. While this does not directly measure peak-hour congestion, there is a close relationship
between this variable and peak period HOV ridership. In the Dallas System Planning Study
methodology, HOV ridership is expressed as a percentage of freeway average daily traffic based on
data from the NCTCOG projections. For each corridor, the NCTCOG ridership projections (as a
percent of average daily traffic) were plotted against the daily traffic volume per lane (congestion).
These data points were plotted against the best fit line developed from the Houston data (Figure 4).
The locations on radial facilities in Dallas (shown with circles) have good correlation with the
Houston equation. The circumferential facilities in Dallas do not correlate well with the Houston

model, which is not too surprising given that the Houston data are from radial facilities.
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The coefficient of determination (R?) for the relationship between ridership and congestion
level in Houston was 0.67, indicating a close correlation between the two factors. The majority of
the NCTCOG HOV ridership estimates are associated with congestion levels similar to those in
Houston (between 20,000 and 28,000 daily vehicles per lane), which was important if the Houston
regression equation was to be useful to the Dallas System Planning Study effort. The Dallas average
daily traffic per lane values are within 10 percent of the upper and lower ends of the Houston data,
which, when combined with the relatively high R* value, indicated that the Houston regression line
could be used to develop ridership estimates for roadway configurations not included in the

NCTCOG Mobility Plan.
COST CRITERIA USED FOR RANKING ALTERNATIVES

In determining the economic feasibility of a given project, it is standard procedure to examine
the projected costs and benefits. If the annual benefits exceed the annual costs, the project is feasible;
though a decision to implement may depend upon funding availability, project feasibility, community
concerns including environmental effects, and competing priorities. Determining feasibility for a
single project (comparing costs and benefits) can be done in a variety of ways, but as a summary: a
project is feasible if the sum of costs (-) and benefits (+) is greater than zero, or if a benefit/cost ratio

is greater than 1.0.

However, in the context of alternatives analysis, a more sophisticated process is required in
order to maximize public gain from the money that is available for investment. Simply ranking
alternatives with a benefit/cost ratio greater than 1.0 in order of numerical benefit/cost ratio may lead
to erroneous conclusions (10). Incremental benefit/cost comparison is required where the alternatives
with a benefit/cost ratio greater than one are examined to determine the benefit of each additional

dollar of investment above the lowest cost alternative.
A less confusing method to deal with this problem is the net present worth comparison. The

net present worth comparison consists of converting all costs over the life of the project to present

worth, using an appropriate time frame and discount rate, as negative values and all benefits are
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brought back to present worth as positive values. In this case, the highest net present worth available

(capped, of course, by the availability of sufficient investment dollars) is the optimum project.

The net present worth of the public cost was used to select the most cost-effective alternatives
in the Dallas System Planning Study. However, in order to avoid the necessity of quantifying the
absolute value of congestion delay relative to a "do nothing" scenario, the congestion delay itself is
regarded as a cost. All components (capital, operating and maintenance, and congestion) are costs;
therefore, the optimum net present worth alternative is the lowest total cost alternative. The net
present worth (or net present cost) comparison is the cost criteria used for ranking alternatives in the

study.
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VII. COST ANALYSIS

For each alternative developed within each corridor, costs were determined for the total

capital cost, operating and maintenance cost, and, if necessary, a congestion cost.

CAPITAL COSTS

For the purposes of the Dallas System Planning Study analysis, total capital cost included the

three components of: 1) rehabilitation cost; 2) construction cost; and 3) right-of-way cost.

Rehabilitation

Several of the freeways in the Dallas System Planning Study are more than 20 years old and
are currently in need of physical repair (e.g., the replacement of deteriorated pavement which has
reached its design life). In order to provide additional capacity to the freeway, the entire facility (in
some cases) must first be repaired. Freeway standards are continually revised to enhance motorist
safety. In some instances, the existing facility must also be upgraded to current design standards; this
would typically entail upgrading geometric design elements such as horizontal and vertical curvature

and clearances.

Construction

The construction cost is associated with the addition of general-purpose lanes, HOV lanes,
and/or express lanes to the freeway. Costs for construction of various possible roadways were
investigated at the planning level of analysis. General-purpose lane, HOV lane, and express lane cost
values reflect average unit bid prices from recent Houston and Dallas construction projects. HOV
lane costs include park-and-ride support facilities (such as "T" ramps into lots, but not the lot itself),
elevated interchanges, and associated street and freeway improvements necessary to operate the HOV

lane. Table 2 shows the unit cost values used in the construction cost estimates.
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Table 2. Unit Construction Costs

S
Width Cost - $ Million
Construction Item Meters (Feet) Per Kilometer (Per Mile)
Mainlane (one lane at grade) 3.7m (12 $1.6 per kin ($2.5 per mile)
Mainlane (one lane elevated) 3I7Tm (129 $2.2 per km ($3.5 per mile)
HOV lane w/ramps (one lane at grade) 6.1 m (20" $3.1 per kin ($5 per mile)
HOV lane wiramps (one lane elevated) 6.1 m (209 $4.3 per km ($7 per mile)
HOV lanes w/ramps (two lanes at grade) 12.2 m (40" $4.3 per km ($7 per mile)
HOV lanes w/ramps (two lanes elevated) 12.2 m (409 $6.2 per km ($10 per mile)
Express lanes (two lanes at grade) 12.2 m (40" $3.7 per km (36 per mile)
Express lanes (two lanes elevated) 12.2 m (409 $5.6 per km (39 per mile)
Express lanes (three lanes at grade) 17.1 m (56" $6.2 per kin ($10 per mile)
Express lanes (three lanes elevated) 17.1 m (56" $9.3 per km ($15 per mile)
Surveillance, communication & control (SC&C) N/A $0.31 per kin (80.50 per mile)

Right-of-Way

The right-of-way cost is related to any additional land required for widening a freeway. The
cost of land varies in each corridor. Data relative to right-of-way costs were obtained from TxDOT,
which supplied very detailed information on land values adjacent to the freeways. TTI used a
representative unit cost per corridor (see Table 3) in order to estimate the right-of-way cost for a
given corridor based on required land and amount of development. These costs were principally used
in the analysis of elevated facilities to determine which alternative produces a lower cost -- acquiring

additional right-of-way or elevating a facility.
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Table 3. Right-of-Way Costs

Land Value Land Value
Corridor S per 3q meter (8 persqft) Corridor $ per sq meter (3 per sq ft)
H20 $215(%20) Uus7s $431(840)
IH 30 (East Thornton) $323 (830) US 80 $269 ($25)
IH 30 West $269 (825) US 175 $215 ($20)
IH 35E (Stemmons) $323, $484 (330, $45)' SH 114 $323, $431 (830, $40)°
IH 35E (South Thornton) $323 ($30) SH 161 $215 (820)
1H 45 $215 (820) SH 183 $431 (340)
IH 635 North $323, $538(830, $50) SH 190 $215 ($20)
IH 635 East $323 (830) Loop 12/Spur 408 $269 (825)
_LE?? $_269 ($25) L Trinity Parkway $323 (830)

'$484 per sq. meter ($45 per sq. ft.) between SH 183 and downtown; $323 per sq. meter ($30 per sq. ft.) north of SH 183.
$323 per sq. meter ($30 per sq. ft.) west of Stemmons and $538 per sq. meter ($50 per sq. f.) east of Stemmons.
’$431 per sq. meter {340 per sq. ft.) around Los Colinas and $323 per sq. meter ($30 per sq. f.) everywhere else.

OPERATING AND MAINTENANCE COST

The operating and maintenance cost varies depending on the type of facility proposed. The
cost of a surveillance, communication, and control (SC&C) system has been included in each corridor
regardless of the cross section. The operating cost for alternatives with reversible lanes is the cost
of opening and closing (or reversing) the lane on a daily basis -- this would pertain to express or HOV
lanes. The operating cost for alternatives with HOV lanes also includes the cost of enforcing the lane
on a daily basis. Table 4 shows the operating cost for the various alternatives analyzed. The

operating and maintenance costs are estimated on a corridor basis.

Table 4. Operating Costs

Operatmiiltem Annual Cost (§ Miliion)_
Enforcement for separated HOV lane $ 0.05 per facility
Reversible lane (Express and HOV) $ 0.20 per facility
Surveillance, wjx_mmﬁcaitiixl & control (SC&C) $ 0.10 per mile
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CONGESTION COST

The congestion cost quantifies the cost of delay to motorists. As the peak-hour volume per
lane approaches and exceeds capacity, the average travel speeds will decrease from free flow
operation. The level of congestion is defined by the average estimated speed of freeway traffic.
Minutes lost per person can be calculated from the difference between the estimated congestion speed
and free flow speed. To arrive at an annual congestion cost, the time lost is multiplied by the value
of person time (11), the working days per year, and persons per lane. The delay per vehicle used in

the Dallas System Planning Study based on the level of congestion is shown in Table 5.

Table 5. Delay Associated with Level of Congestion'

Delay per Vehicle Annual Unit Congestion Cost
System Congestion Level Estimated Speed minutes/km per vehicle-km
(vehicles per hour per lane) kph (mph) (minutes/mile) (per vehicle-mile)’
< 1,850 89 (55) 0.0 (0.0) $0 (30)
1,850 - 1,999 72 (45) 0.19(0.3) $7.5312)
2,000 - 2,199 48 (30) 0.62(1.0) $25 ($40)
2,200 - 2,400 24 (15) 1.9 (3.0) $75 ($120)

Notes: 'Congestion levels and delays illustrated above are for system planning level analysis purposes only.
21990 value of time=$9.76 per hour per vehicle (11).

The freeway volume is capped at 2,400 vehicles per hour per lane in the peak-hour. If the

demand exceeds the 2,400 vehicles per hour, the excess demand is shifted to the hours on either side

of the peak-hour. The congestion in these hours is evaluated in the same manner.
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VIII. ALTERNATIVE SELECTION

LOWEST COST ALTERNATIVE FOR CORRIDOR

The net present cost is broken down into construction cost, right-of-way cost, operation and
maintenance cost, and congestion cost for each alternative. As discussed earlier, the highest ranking

alternative for each corridor is the alternative with the lowest total public cost (referred to as the net

present cost).

Previous regional planning efforts and freeway design have been predicated on the goal of
achieving traffic flow speeds of 72 kph (45 mph) or better during the peak-hours of travel. On the
other hand, the goal of the Dallas System Planning Study has been to find the lowest public cost
alternative in each corridor for a given volume of person trips. The selection of the highest ranking
alternative many times leads to an HOV alternative with congestion on the mainlanes. This implies
the acceptance of congestion, and accompanying delay, during the peak-hour for mainlane traffic, but
only when this congestion cost is less than the cost of constructing additional capacity. This is a
change in traditional planning efforts in that future congestion is accepted on freeways where
carpooling and transit usage can be encouraged through HOV lanes, and the total cost to the public

is kept to a minimum.
ALTERNATIVE COMPATIBILITY WITH SYSTEM

The highest ranking alternative for each corridor was evaluated for its compatibility with
adjoining and intersecting corridors. Lane balance and continuity between general-purpose lanes,
HOV lanes, and/or express lanes at each freeway-to-freeway interchange are critical. Therefore, in
some instances, the second highest ranking alternative (i.e. the alternative with the second lowest net

present cost) may be chosen as the recommended alternative over a lower cost alternative that is not

compatible.
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EXAMPLE CORRIDOR

The following is an example of the methodology used for a typical Dallas freeway. Typical
freeway characteristics for a radial freeway in Dallas are: |

® Freeway ADT (average daily traffic) = 260,000; HOV ADT = 7,000;

e K =0.085; D =0.60; Percent trucks = 3 percent;

e Existing cross section = 8 lanes with frontage roads; and

® ROW allows for maximum of 12 lanes with frontage roads.

The next step is to develop multiple alternatives as follows.

Table 6. Number of Lanes for Various Alternatives

Alternative Number of Lanes
General-Purpose Express HOV
1. No Action 8 0 0
2. All General-Purpose (G-P) 16 0 0
3. G-P + Express 10 2R 0
4. G-P +HOV (1 lane) 12 0 1R
5. G-P+HOV (2 lanes) 10 0 2R

Notes: R = Reversible
Alternatives in this example assume 2+ HOV

Peak-hour volumes are then developed for each of the alternatives. The HOV alternative
would be analyzed for formation of new carpools based on congestion level as discussed in Chapter

V1. Table 7 shows the resulting critical peak-hour lane volumes.
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Table 7. Critical Peak-Hour Lane Volumes

Critical Volume Per Lane
Alternative General-Purpose | Express | HOV V(e:};{filceat\/;elzgls nm
1. No Action 3,610 0 0 14,500
2. All General-Purpose (G-P) 1,810 0 0 14,500
3. G-P + Express 2,090 2,000 0 14,500
4. G-P + HOV (1 lane) 2,040 0 1,800 14,000
5. G-P + HOV (2 lanes) 2,000 0 1,430 __11,400

The annual cost for each of the alternatives is calculated and the following selection process
is used. Table 8 shows this example results in the selection of Alternative 5.

® Rank alternatives by lowest total public cost.

® Check alternative compatibility with adjacent system components.

e Ifthe alternative is incompatible, test the next lowest cost alternative.

® If costs of two or more alternatives are the same, pick the alternative providing best

system continuity/flexibility.

This alternative has the lowest total cost as well as the lowest vehicle volume for the same number

of persons moved

Table 8. Alternative Cost Analysis

Alternative Annual Cost (§ M)
_ Construction | O&M | ROW Cong_astion Total
No Action 0.0 0.1 0.0 24.4 25.5
. All General-Purpose {(G-P) 5.1 0.1 1.8 0.0 7.0
G-P + Express 2.7 0.3 0.0 1.6 4.6
G-P + HOV (1 lane) 3.6 0.4 0.4 1.4 58
ILG-P + HOV (2 lanes) _ 28 04 | 00 1.1 43 |
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IX. RESULTS

The recommended alternatives resulting from the analyses discussed previously are illustrated
in Figures 5 and 6. Figure 5 highlights the major freeway sections for which express lanes and/or
general-purpose lane additions were recommended, while Figure 6 features recommended locations
for HOV facilities in the year 2015. Specific information associated with these alternatives (e.g.,
additional number of lanes and lane-kilometers) is included in Appendix C and Table 9. These

alternatives reflect the least costly improvements that are compatible with adjoining freeway sections.

The acronyms used in Table 9 and Table 10 have the following meanings: 1) GP = general-
purpose freeway lanes; 2} HOV (2+) = high-occupancy vehicle lane(s) with a two-or-more person
minimum occupancy requirement; 3) X = express lanes; 4) R = reversible; 5) B = bi-directional (not
reversible); and 6) E = elevated (as opposed to at-grade) construction. The results of this analysis
indicate that by the year 2015, there will be a need for an increase of approximately 40 percent in
general-purpose freeway capacity, as well as 347 lane-kilometers (216 lane-miles) of HOV facilities
and 32 lane-kilometers (20 lane-miles) of express facilities. The recommended HOV lane system
includes 186 centerline-kilometers (116 centerline-miles) of which 129 kilometers (80 miles) are two-

lane facilities and 58 kilometers (36 miles) are one-lane facilities.

The costs associated with these recommended alternatives are summarized in Table 10. All
of the costs included in Table 10 are in 1990 dollars. The rehabilitation cost reflects the funds
required to upgrade existing freeways to current design standards. As alluded to previously, this
rehabilitation cost becomes necessary whenever capacity is added to an existing freeway that has
inadequate design characteristics (e.g., inadequate vertical curvature). The construction costs shown
in Table 10 include rehabilitation costs (where applicable) and the cost of installing a surveillance,

communication, and control (SC&C) system.
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Table 9. Additional Lanes, Kilometers, and Lane-Kilometers of Facilities in Recommended Dallas System, Year 2015

Additional Lanes? for Additional Kilometers and Lane-Kilometers for “
Existing Existing Recommended Alternative Recommended Alternative
Freeway Study General- General-
Corridor Litmnits! Purpose Purpose General Gen—Purpose HOV Express
Lanes La-Km Purpose | HOV? Express
(Ln-Mi) Kilometers Ln-Km Kilometers Ln-Km Kilometers Ln-Km
(Miles) (Ln-Mi) (Miles) (Ln-Mi) (Miles) (Lo-Mi)
H 20 Co. Line to Belt Line 8 381 (237) 2 0 2 2(1) 4(2) 0(0) 0 (0) 8 (5) 16 (10)
IH 30E/Santa Fe CBD to Belt Line 8/6 156 (97) 2 2/1 0 6(4) 13(8) 19 (12) 26 (16) 0(0) 0(0)
IH 30W SH 360 to IH 35E 6* 126 (78) 6/4/2 2 0 23 (14) 79 (49) 23 (14) 45 (28) 0(0) 0(0)
IH 35N DNT to SH 121 10/8/6 259 (161) 6/4/2 2/1 2 34(21) 117 (73) 21 (13) 47 (29) 3(2) 6(4)
IH 358 1H 30 to Belt Line 8/6/4 124 (77) 2 2/1 0 13(8) 26 (16) 14 (9) 23 (14) 0(0) 0(0)
IH45 IH 30 to Beit Line 10/6 126 (78) 0 0 0 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
IH 635N Co. Lineto US 75 8/6/4 174 (108) 472 4B/1R? 0 19(12) 43 27) 19 (12) 56 (35) 0(0) ()}
IH 633E US75t0IH20 8 238 (148) 2 2 0 5(3) 10 (6) 18 (1) 35(22) 0 (0) 0(0)
Use7 IH 35E to Belt Line 6/4 80 (50) 2 2/1 0 5¢3) 8(5) 6 (4) 1o 0(0) 0
Us 75 IH 635 to Parker 8 216 (134) 0 21 0 0(0) 0(0) 12(7) 18(11) 0(0) 0 (0)
Us 80 IH 30 to Belt Line 4 29 (18) 2 1 ] 3(2) 6(4) 5(3) 5(3) 0 (0) 0(0)
Us17s IH 45 to Belt Line 6/4 105 (65) 2 0 2 6(4) 117 0{0) X))} 6(4) 13(8)
SH114 SH 183 to Co. Line 6 95 (59) 2 0 0 11N 21 (13) 0 0O 0(0) 0(0)
SH 161 1H 20 to IH 635 None 0(0) 8/6/4 2 0 27(17) 169 (105) 181D 35(22) 0 (0) 0(0)
SH 183 IH 35E to Co. Line 6 95 (59) 2 2 4] 13(8) 24 (15) 16 (10) 32(20) 0¢0) 0(0)
SH 190 1H 635 to IH 30 None 0(0) 6 0 0 51(32) 307 (191) 0(0) 0(0) 0(0) 0(0)
Loop 12/408 IH 3SE to Camp Wisdom 6/4 132 (82) 2 1 0 10 (6) 1811 16 (10) 16 (10) 00 o
Trinity Pkwy US 175 to IH 3SE None 0 (0) 8/6/4 0 0 21313 61(38) 0 (0) 0 (0) 0(0) 0(0)
None 0 5/4/3/2 0 0 48 (30) 0(0) 0(0) 0
Totals —— P— 2,336 (1,451) — B — 249 (155)° | 965 (600 186 (116)° 347 (216 17 (11) 35(22)

Note: Construction for recommended alternatives is at-grade unless otherwise noted.

'The limits represent the study limits of the Dallas urban area. For more detail of included limits of general-purpose and express lane improvements see Figure 5 and for HOV improvements

see Figure 6.

*For exact number of lanes, see Appendix C.
*All HOV lanes are reversible unless noted otherwise.
*This section of IH-30 is planned to be reconstructed to 10 lanes between County Line and Loop 12 and 8 lanes between Loop 12 and [H-35E.
’R =Reversible; and B = Bi-directional (not reversible).
*Only 150 additional kilometers (93 miles) if new facilities are not included in this total.

"Only 380 additional lane-kilometers (236 lane-miles) if new facilities are not included in this total.
834 kilometers (2| miles) fall outside of the DART service area.

#48 lane-kilometers (30 lane-miles) fall outside of the DART service area.
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Table 10. Costs Associated with Recommended Alternatives for Dallas System

Total
Total Capital
Rehab. Construction | R.OW. | Capital | Cost w/o Annual®

Freeway Study Recommended Cost Cost® Cost Cost* Rehab. O/M Cost Total

Corridor Limits' Alternative? M (I M) (M) (M) ™M ($ M) Cost
smy°

[H 20 Co. Line to Belt Line GP + XR 0 453 0 453 453 0.30 68.7

IH 30E/Santa Fe CBD to Belt Line GP +HOV (2HR 150.0 251.5 10.9 262.5 112.5 0.35 2953
H 30W SH 360 to TH 35E GP + HOV (2+HR 2187 462.4 359 4983 2796 0.35 570.2
IH 35N DNT to SH 121 GP +E HOV (2H)R+XR 368.7 931.1 68.7 999.8 631.1 0.35 1,109.2
IH 358 IH 30 to Belt Line GP + HOV (2R 2125 3422 15.6 357.8 145.3 0.35 4187
[H 45 [H 30 to Belt Line No Action 2250 231.2 0 231.2 6.2 0.10 2453

TH 635N Co.LinetoUS75 GP +E HOV (2+)B 176.5 559.3 516 610.8 4343 0.35 6905

n TH 635E UST75t0IH20 GP +HOV (2R 406.2 514.0 0 5140 107.8 0.35 574.9
Us 67 IH 35E to Belt Line GP +HOV (2HR 121.9 170.3 0 170.3 48.4 0.10 190.6
Us 75 IH 635 to Parker EHOV (2+)R 0 57.8 0 57.8 57.8 0.35 100.0

US 80 TH 30 to Belt Line GP +HOV 2HR 51.6 78.2 0 78.2 26.6 0.10 87.5
US 175 1H 45 to Belt Line GP+XR 168.7 242.1 6.2 2483 797 0.30 264.0
SH1l4 SH 183 to Co. Line ALL GP 151.5 189.0 0 189.0 375 0.10 190.6
SH 161 IH 20 to IH 635 GP+EHOV (2+R 0 609.3 7.8 617.1 617.1 0.35 637.4
SH 183 [H 35E to Co. Line GP + EHOV (2+)R 157.8 360.9 29.7 390.6 232.8 0.35 473.4

SH 190 [H 635 to TH 30 ALL GP 0 854.6 0 854.6 854.6 0.10 867.1
Loop 12/408 IH 35E to Camp Wisdom GP +HOV (3R 213.4 321.2 0 321.2 107.8 0.35 371.2
Trinity Pkwy US 175 to IH 35E GP 0 257.8 4.7 262.5 262.5 0.30 2859
Totals 2,622.5 6,478.2 231.1 6,709.3 40869 49 7.440.5

Note: All costs shown are in 1990 dollars and reflect at-grade construction, unless otherwise noted.

'The limits represent the study limits of the Dallas urban area. For more detail of included limits of general-purpose and express lane improvements see Figure 5 and
for HOV improvements see Figure 6,
*GP = General-purpose freeway lane(s), HOV (2+) = High-occupancy vehicle lane(s) with a minimum occupancy requirement of two-or-more persons; (3+) = three-or-
more persons; X=Express lanes; E = Elevated (as opposed to at-grade) construction; R = Reversible; B = Bi-directional, and No Action = No improvements beyond
those already scheduled for construction.

*Includes costs associated with surveillance, communication, and control systems (SC&C) and rehabilitation costs (where applicable).

*Sum of rehabilitation cost, construction cost, and right-of-way cost.
Annual operating and maintenance cost for freeway corridor.
*Sum of rehabilitation, construction, right-of-way, and congestion and operating cost.




As Table 10 indicates, the estimated total capital cost of the recommended system in the
Dallas System Planning Study depicted in Figures 5 and 6 (including rehabilitation costs) is $6.7
billion. If rehabilitation costs are not included, this estimate becomes $4.1 billion. The estimated total
cost of the system with operating and congestion cost is $7.5 billion. It should be noted that the
annual operation and maintenance costs are approximately $4.7 million. Figure 7 shows a ranking
of the congested corridors based on the average annual congestion cost per kilometer (mile). The
congestion cost in this figure is presented as the average annual congestion cost per kilometer (mile)

in order to compare the level of congestion being experienced on the different facilities.

In many of the congested corridors, HOV facilities are planned to provide an alternate to save
time over general-purpose lanes. The estimated bus and carpool levels are shown in Table 11. Itis
estimated that a total of 375,000 persons per day will be using the recommended HOV system by the
year 2015. The vast majority of these persons (90 percent) will be in the form of carpools. The
relatively low percentage of bus ridership is due to the presence of rail lines in most corridors listed
in Table 11. For purposes of this study, it was conservatively assumed that DART would not provide

significant express-bus service adjacent to rail lines. Therefore, the HOV demand was primarily

served by carpools.

Table 11. Estimated Ridership for Recogmended HOYV Facilities, Year 2015

Estimated Number of Persons Utilizing Respective HOV Facilities

Freeway | Recommended Carpools Buses Total
Corridor Alternative! Peak Hour® Daily Peak Hour” Daily Peak Hour? Daily
IH 30E HOV (2+)R 8,400 33,600 4,300 17,200 12,700 50,800
IH 30w HOV 2+)R 8,800 35,200 1,500 6,000 10,300 41,200
IH 35N HOV (2+)R 8,000 32,000 400 1,600 8,400 33,600
IH 358 HOV 2+)R 8,800 35,200 1,200 4,800 10,000 40,000
IH 635N | HOV (2+)B 8,800 35,200 1,200 4,800 10,000 40,000
IH 635E | HOV (2+)R 6,000 24,000 500 2,000 6,500 26,000
Us 67 HOV (2+)R 4,800 19,200 25 100 4,825 19,300
Uus7s HOV (2+)R 8,800 35,200 900 3,600 9,700 38,800
Us 80 HOV 2+)R 2,300 9,200 0 0 2,300 9,200
SH 161 EHOV (2+)R 8,400 33,600 0 0 8,400 33,600
SH 183 HOV 2+)R 8,300 33,200 0 0 8,300 33,200
Loop 12 | HOV (3+)R 2,400 9,600 0 0 2,400 9,600
Totals 83,800 335,200 10,025 40,100 93,825 375,300

'HOV (2+)=High-occupancy vehicle lane(s) with a minimum occupancy requirement of two-or- more persons;
R=Reversible; B=Bi-directional (not reversible); and E=Elevated (as opposed to at-grade) construction.
%25 percent of the daily ridership is estimated to occur during the peak-hour.
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Figure 7. Average Annual Congestion Cost per Kilometer (Mile) for Dallas Freeways

(W$) JATIN/1S0D NOLLSAONOD TYNNNY d9V

mMV N K
L -

o AT TN M@

2 ¢ MTIIRTNENY 4o

%2 T %
5§ TN
* 2 FITINNNNNEY

2 T %

(W) JALANOTIDI/LS0OD NOLLSAONOD TYNNNV IOV

41



A comparison of how the recommended system compares with a more traditional planning
method without HOV treatment is shown in Table 12. The all general-purpose system consists of
freeway sections designed to handle the person demand in single occupant vehicles. The capital cost,
total cost, and number of vehicles moved are lower for the recommended system, while the average

vehicle occupancy is greater for the recommended system.

Table 12. Comparison of Recommended System to an All General-Purpose System

% Difference Between
All General-Purpose | Recommended | Recommended System
Item System System and All G-P System
Capital Cost $ 8.9 billion $ 6.7 billion - 24%
Total Cost $ 9.2 hillion $ 7.5 billion - 19%
Average Vehicle Occupancy Rate 1.22 1.34 +10%
Sum of Critical Peak-Hour Vehicle
Volume on Facilities with HOV! 171,000 151,000 _-12%

NOTE: !'Calculated from critical sections from 12 corridors.

Another comparison of the recommended system with results from a more traditional
planning approach is shown in Table 13. The corridors are ranked by the daily vehicle volume.
General-purpose lane improvements are effective in the low daily volume range; express lanes are
effective in corridors with high directionality in the medium daily volume range, and HOV lanes

are effective in the high daily volume range.

As alluded to previously, one of the major constraints associated with implementing
freeway improvements is funding limitations. It is recognized that the recommended system
outlined previously is rather ambitious in consideration of the current state (and probable future)
of the economy. This recommended system can, however, be considered as a realistic
identification of the infrastructure improvements required to efficiently meet the peak-hour travel

demands in the Dallas urban area in the year 2015.
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Table 13. Range of Year 2015 24-Hour Volumes and Recommended Alternatives

24-Hr. Vehicle

Basic No. of Lanes -

Critical Section in Corridor Volume Alternative Recommended’ Traditional Method®
SH 190 (US 75 - Coit) 94,000 6 GP 8
US 80 (IH 635 - Belt Line) 105,000 6 GP 8
SH 114 (8H 161 - County Line) 109,000 8 GP 10
US 67 (Hampton - IH 35E) 128,000 6 GP+2HOV* 2+ R 10
US 175 (2nd Ave - Bypass) 140,000 6 GP+2 XR 14
H 45 (US 175 - TH 30) 143,000 10 GP* 14
TH 20 (SH 161 - Spur 408) 166,000 S8 GP+2 XR 14
Loop 12 (Spur 408 - IH 30) 185,000 8 GP+ 1 HOV (3+°R 14
SH 161 (IH 635 - Belt Line) 215,000 8 GP +2 HOV (2HR 16
SH 183 (MacArthur - Loop 12) 230,000 8§ GP+2 HOV (2+)R 16
IH 30 E (East Grand - Peak) 252,000 10 GP +2 HOV (2H)R 20
IH 635 E (Skillman - US 75) 300,000 10 GP +2 HOV (2+)R 18
IH 30 W (SH 360 - SH 161) 311,000 12 GP + 2 HOV® (2+)R 22
IH 35 S (Ewing - Trinity Pkwy) 321,000 10 GP +2 HOV (2+)R 22
IH3SN(SH 121 - SH 190) 339,000 10 GP +2 HOV (2+)R 22
US 75 (Spring Valley - [H 635) 344,000 8GP+2HOV' 2+ R 20
[H 635 N (DNT - US 75) 423,000 10 GP +4 HOV (2+)B 22

Notes:

'GP = General-purpose freeway lane(s), HOV (2+) = High-occupancy vehicle lane(s) with a minimum occupancy

requirement of two-or-more persons; X - Express lanes; E = Elevated (as opposed to at-grade) construction; R
= reversible; and B = Bi-directional.
"Based on service flow rate per lane of 1650 vph (midpoint of LOS D), System Planning Study K and D factors
(Table 1), 5 percent trucks, and peak-hour factor of 0.95.

*US 67 has high HOV ridership and connects to a congested corridor (IH 35E).
*IH 45 recommended alternative s the existing cross section.

SLoop 12 has low HOV ridership and lane balance at [H 35E influenced the recommended alternative.
‘IH 30 West has minimal bus service,
"US 75 has high right-of-way costs, low K and D factors, and high demand over a short distance.
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X. IMPLEMENTATION ISSUES

Implementation of the System Planning Study will require changes in the traditional planning
process as well as in planning and design policy. The state and local agencies do not have the funding
capability nor the legislative support to build the number of general-purpose lanes needed to serve
peak-hour vehicle demand. The System Planning Study has identified this constraint and presented
a method to serve the peak-hour person demand. The costs of building additional capacity and the
costs of congestion were treated equally in the analysis of the total cost of an alternative. The System
Planning Study uses a methodology which could affect the design of freeway sections, the mode-
choice model process, and the operational analysis of freeway elements such as ramps and weaving
sections. In order to implement the Dallas System Planning Study, TxDOT and representatives
of federal and local agencies need to discuss these planning and design issues and choose to

accept or reject the associated changes involved.
DESIGN OF FREEWAY SECTIONS

One of the greatest concerns of TxXDOT was to design a system with the ability to connect
all the freeways being planned for the future with proper lane balance through the
interchanges while eliminating existing and future bottlenecks so that new capacity could be

utilized to the greatest extent possible.

In order to evaluate operational efficiency of the system, researchers need to analyze peak-hour
volumes. The peak-hour person volumes are calculated from the daily vehicle volumes provided by
NCTCOG. The peak-hour person volume is used to test alternatives to determine the optimum
combination of general-purpose, express, and HOV lanes. The HOV ridership model is used to
estimate the increases in ridership on HOV lanes in freeway corridors where construction of general-
purpose facilities will not meet peak-hour demand. The HOV ridership model also checks the peak-

hour volume per lane so that congested conditions will not exist on the priority lanes.

The highest ranking alternative for each corridor (alternative with the lowest total public cost)

is also evaluated for its compatibility with connecting and intersecting corridors. Continuity between
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express lanes and HOV lanes is important to the operation of these systems. At the same time, there

must be lane balance between the general-purpose lanes at the freeway-to-freeway connections.

These checks on the operation through the interchanges are macroscopic in nature. A more
refined step is needed to determine if individual ramps and weaving sections will operate at a
reasonable level-of-service under the design volumes. This should be evaluated after review of the
recommended system, sizing of freeways, and lane balance through the interchanges. This section

presents a recommended methodology of this type.
PEAK PERIOD OPERATING CONDITIONS

Current design practice dictates that the level-of-service of the freeway elements (basic freeway
segments, ramp junctions, and weaving areas) is required to be better than level-of-service (LOS) D
in the peak hour, resulting in little congestion. In the System Planning Study, the selected alternative
in a corridor is based on the total lowest cost to the public. In corridors where a sufficient number
of general-purpose lanes cannot be reasonably built to serve the person demand, HOV facilities offer
a high level-of-service for carpool and bus riders who take advantage of the time savings over
congested general-purpose lanes. The model to estimate the increase in peak-hour carpool and bus

riders due to congestion on general-purpose lanes is discussed in Chapter VI

A comparison of the cross sections resulting from the traditional planning method and the
System Planning Study was presented previously in Table 13. The System Planning Study handles
the peak-hour person demand; however, the recommended alternative may result in peak period
congestion on the general-purpose lanes if the congestion cost is less than the cost to construct
additional capacity. The acceptance of peak period congestion on the general-purpose lanes
(coupled with providing HOV lanes to encourage use of transit and carpooling) is a change in

planning policy that has governed the planning and design process.
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DESIGN HOUR VOLUME

Traditionally, the 30™ highest hourly vehicle volume anticipated during the design year
represents the design hour volume. In the System Planning Study, the 30™ highest hour volume
results in peak-hour congestion on the general-purpose lanes of selected alternatives in many
corridors. It is inappropriate to over-design the other freeway elements for LOS D operations (using
transitional design procedures) when the freeway is expected to be congested in the peak hour. A
traditional design hour volume can be used in corridors where there can be provided sufficient

general-purpose capacity to serve the peak-hour demand.

Corridors congested in the peak period typically experience a decrease in volumes outside the
peak period. During these hours the freeway should operate efficiently without bottlenecks. This
requires designing the freeway elements for an "off-peak” design hour volume (i.e. the highest
anticipated hourly volume outside the peak period). In several corridors, an "off-peak" design hour
volume is needed to perform an operational analysis. The use of an "off-peak"” design hour
volume for operational analysis is a change in design policy which takes into account system

effects.
OPERATIONAL ANALYSIS

Designing improvements for existing and future bottlenecks in the freeway system requires a
more detailed analysis at the corridor level. Once the sizing of the freeways and chosen alternatives
of the study are reviewed and approved, the corridor analysis can be undertaken.

A detailed operational analysis of the ramps and weaving sections requires development of

peak-hour volumes in both the morning and the evening. From these volumes, the operation of the

critical junctions can be evaluated. The following methodology is recommended for this analysis:

1) Determine the peak-hour vehicle volume at the critical subsections using the design hour

volume spreadsheet tool developed for the Dallas System Planning Study.
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2) Determine the morning and evening peak-hour vehicle volumes on the ramps. Multiply the 24-
hour volumes by the existing ramp "k"-factors (the peak-hour to daily volume ratio -- lowercase
"k" is used to indicate the variable is based on vehicular traffic counts for each freeway ramp
conducted during one week in 1989) to estimate peak-hour volumes.

3) Add and subtract ramp volumes from each critical freeway subsection to get general-purpose
vehicle volumes for each subsection in the corridor.

4) Check to see whether the freeway peak-hour volumes match at the boundaries between major
freeway sections.

a) If'the difference is less than 10 percent, go to step number 5.

b) If the difference is more than 10 percent, look at 24-hour volume patterns, ramp "k"-factors,
and growth rates to identify potential ramp volumes that might be adjusted to decrease the
difference between sections to less than 10 percent.

5) Use the methods in the Highway Capacity Manual to check ramp merges, ramp diverges, and
weaving sections for level-of-service.

a) Ifthe alternatives analysis results in a freeway operating better than level-of-service D, the
ramps and weaving sections should be designed to operate at an equal level-of-service.

b) If the alternatives analysis results in a freeway section operating at level-of-service F (speeds
below 48 kilometers per hour (30 miles per hour)), it is not cost effective to design the ramp
junctions to operate any better than the freeway. However, to avoid bottlenecks at these
junctions during off-peak hours, the freeway volumes should be reduced to those required
to allow level-of-service D operation and the ramp volumes reduced proportionately. This
is the "off-peak"” design hour volume described previously.

c) The junctions should be re-evaluated for appropriate levels-of-service during periods other
than the peak-hour.

6) Any ramp junctions and weaving sections that are estimated to operate at level-of-service F in the
"off-peak" hour should be redesigned to operate at levels-of-service similar to that of the freeway

in the same time period.

This step is planned to coincide with TxDOT's schedule of corridors in the Project Development
Plan. A future report will be written to describe the improvements and ramp designs needed to give

proper level-of-service to the ramp junctions and weaving sections under the year 2015 travel conditions.
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XI. CONCLUSIONS

The Dallas System Planning Study was a coordinated effort of the Texas Department of
Transportation (TxDOT), Dallas Area Rapid Transit (DART) and the North Central Texas Council
of Governments (NCTCOG) with technical assistance from the Texas Transportation Institute (TTI).
The study represents a balanced transportation system for the future which accommodates the

projected travel demand at the lowest public cost.

The Dallas System Planning Study is technical in nature and does not address issues such as the
programming responsibilities of the agencies involved, the staging or priority of projects within each
corridor, or the source of funding for or the community concerns including environmental effects of
recommended capacity improvements. The mission of the study is to provide an intermediate
planning step between the macroscopic planning performed by NCTCOG and TxDOT's Regional
Planning Office and the detailed corridor analysis performed during the design phase of a roadway
improvement project. The proposed system is a set of recommendations to be considered and
evaluated as part of the development of the Mobility 2010 Plan Update, the long-range transportation

plan for the Dallas area.

The Dallas System Planning Study was developed using a methodology that focuses on peak-
hour passenger travel demand for the freeways in Dallas and surrounding counties. The study
analysis differs from other planning efforts in the region by its focus on peak-hour passenger travel
demands and roadway operating conditions, the use of 2015 as the design year for the facilities, and,
as explained below, the acceptance of congestion for some alternatives to induce travel in higher-
occupancy modes. The intent of the effort was to provide a system that served the travel needs with

a reasonable and balanced level of congestion.

It is important to note the change in public goals implied by the Dallas System Planning Study:
Future congestion is accepted on freeways almost everywhere in Dallas during peak- hours, and
carpooling or use of transit is the solution offered to escape it. This is a policy issue that

transportation officials at the highest levels need to understand, debate, and accept or reject.
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CONGESTION MANAGEMENT APPROACH

Freeway capacity improvements are becoming vastly more difficult to implement. In an era of
increasing public involvement in issues ranging from air quality to noise, any transportation
improvement which could be viewed as having detrimental environmental effects will be more and
more closely scrutinized. Right-of-way is no longer readily available in heavily urbanized corridors,
precluding some capacity improvements and driving up the cost of others. Construction costs are
increasing partly because of the expense of construction under heavy traffic. Fewer projects can be
implemented with a flow of funding from a fuel tax, which is declining as fuel efficiency increases.
Under these constrained conditions, future travel demand will not be adequately served if reliance on
the single occupant automobile continues undiminished and if travel demand continues to be heavily

concentrated during only a few hours of the day.

Previous regional planning efforts and freeway design have been predicated on the goal of
achieving freeway traffic flow speeds of 72 kph (45 mph) or better during the peak-hours of travel,
assuming that low levels of vehicle occupancy continue. Conversely, the goal of the Dallas System
Planning Study has been to find the lowest public cost altemnative in each corridor, for a given volume
of person trips. This framework views travel delay, construction, and operation of roadways as costs
to the public. It also recognizes that some motorists will change their mode of travel when given the
opportunity to avoid congestion, resulting in more transit and carpool use. This implies the
acceptance of congestion, and attendant delay, during the peak-hour for mainlane traffic; high-
occupancy vehicles are afforded greater speeds and are expected to draw a greater percentage of
travelers into carpooling or transit usage; this in turn will decrease congestion through reduction in

mainlane vehicle volumes as more people leave their vehicles at home or in a park-and-ride lot.

While travel time savings over congested general-purpose lanes is the primary motivation for
most commuters to change modes of travel and utilize an HOV facility, other characteristics will also
be important to the success of HOV facilities. These include active programs at employment sites
such as financial incentives, preferential parking, and ride share programs. Aggressive marketing and

public awareness efforts are also critical in gaining public support for HOV facilities, both before and
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after implementation. In addition, a successful HOV system needs sufficient support facilities such

as convenient park-and-ride lots.

The study methodology uses an iterative process to examine congestion and the consequent
shift in mode so that these two factors are consistent for an alternative. The proposed system
balances money saved in construction against money lost in delay to find the optimum combination

of mixed-flow, HOV, and express lanes necessary to move the demand.

TECHNICAL FINDINGS

The general technical findings from the alternatives analysis were as follows:

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 HOVs, an HOV lane will reduce
the total number of vehicle trips in the corridor because of the mode shift to high-

occupancy vehicles.

The recommended system for Dallas includes more HOV facilities than the NCTCOG Regional
Mobility Plan or the long-range transit system plan developed by DART. This difference is due to
the fact that an HOV facility will induce the formation of new carpools to gain a travel time advantage
which reduces the total number of vehicles to be served in a corridor. There must, however, be some

congestion on the adjacent freeway to encourage this mode shift; otherwise, there is no incentive for
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individuals to change their mode of travel in order to meet the occupancy requirements of an HOV

facility.

Express lanes provide no incentive for individuals to change mode of travel because they are
open to single-occupant vehicles. It is, therefore, common for express lane alternatives to require
construction of a greater number of total lanes in order to serve the same person demand as an HOV
alternative. This is also the case in all general-purpose lane alternatives. There is no incentive for
carpooling or riding transit; therefore, more lanes are needed to serve the greater number of vehicle

trips.
RELATIONSHIP TO OTHER MOBILITY IMPROVEMENT PLANS

The Texas Department of Transportation (TxDOT), Dallas Area Rapid Transit (DART) and
the North Central Texas Council of Governments (NCTCOG), as well as each city, have plans for
the improvement of the roadway and transit systems in the Dallas area. While TxDOT and DART
are responsible for the implementation of most of these programs and projects, NCTCOG is

responsible for the funding prioritization among the projects to be constructed with federal aid.

The Dallas System Planning Study differs from the traditional, existing improvement plans in
two areas. One area already discussed (the design of a system with congestion as part of the
recommended alternative) represents a significant departure for TXDOT, DART, and NCTCOG. The
use of an analysis process that attempts to optimize the movement of persons without respect to
mode is another key difference between the recommended system and the existing plans for the

implementing agencies.

The recommendations of the Dallas System Planning Study represent a guide for the long-range

planning process of each transportation agency in the Dallas area. The elements of the recommended
system were developed without regard for the budget of individual agencies. There is a significant
amount of funding required for the completed recommended system configuration, a level that may

not be possible for all agencies in the Dallas area to achieve.
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A first step will be for each agency to study the recommendations of the study and compare
them to the agency's plan. The recommendation for each corridor is interdependent with intersecting
and parallel corridors; any shortfall in system improvement should be discussed between the agencies
and plans agreed upon for addressing any deficiencies. This interagency cooperation in program and

project development was begun with the Dallas System Planning Study effort and should continue

through the implementation phase.
IMPLEMENTATION RESPONSIBILITY

One concern that should be addressed as projects are prioritized is the identification of the
agency that will be responsible for turning the recommendations into actions. The construction and
reconstruction of new highway facilities will probably continue to be the responsibility of TxDOT.
Rail transit guideway construction will probably continue to be funded by DART. 1t is, therefore, the
high-occupancy vehicle lane element of the recommended system in the Dallas System Planning Study
that does not have a designated lead agency. HOV facilities are a significant part of the system, and
their implementation is important to the successfil operation of the Dallas area transportation system

in the future.

The experience of operating HOV projects in Texas has been that transit agencies and TxDOT
share the cost of HOV lane construction, and the transit agency is responsible for operating the
facility. This combination is in place on the IH-30E (East R.L. Thornton) Contraflow Lane. HOV
projects in other states have been constructed and operated by state departments of transportation.
The method of funding and project oversight may vary for individual transportation projects in the
Dallas area, but there is a need for the roadway and transit agencies to work together to insure that

the available funds are spent on the most cost effective improvement projects.

This action will require that the area agencies continue to work in a cooperative manner so that
the transportation improvements can be consistent with the limited areawide funding. Limits on
funding may mean that not all elements recommended for a corridor can be implemented, but with
a cooperative project development process the shortfall in person movement capacity from one

element or mode may be addressed in another element.
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APPENDIX A - 24-HOUR CORRIDOR VOLUMES

Appendix A consists of 24-hour two-way volume plots for each freeway analyzed in the
Dallas Freeway/HOV System Planning Study. The 24-hour volumes shown in Figures A-1 through
A-18 include the 1989/1990 traffic counts collected by TTI, the base year NCTCOG 1986
assignment, the NCTCOG year 2010 assignment, and the NCTCOG year 2010 all-or-none
assignment for each corridor. The all-or-none assignment is a free-flow assignment with no
consideration given to the type of links or link capacities. All trips are loaded on the minimum path
(based on time, distance, cost, or user impedances) of the highway network. Also shown on the
plots are the permanent automatic traffic recorder (ATR) station volumes for the year 1990. TxDOT
maintains the ATR stations which are located in freeways throughout Texas. Traffic data from the

ATR stations are summarized annually by TxDOT.

The NCTCOG year 2010 two-way 24-hour volumes are the result of several computer model
assignments performed for NCTCOG's Regional Mobility Plan, which includes a regional HOV,
express lane, and light-rail system. While the NCTCOG volumes were forecast for the year 2010,
TxDOT required a design year of 2015 for the Dallas System Planning Study. The NCTCOG
volumes were, therefore, increased at a growth rate of two percent per year for five years for use in

the study. The two percent growth per year is a typical historical annual growth rate in the Dallas

urban area.

The year 2015 volumes were compared to the 1989/1990 traffic counts collected by TTI as well
as the base year 1986 assignment by NCTCOG to ensure reasonable growth rates. Working with
staff from all agencies, some adjustments to the year 2015 assignment were agreed upon in areas
where the 1986 base assignment did not correlate well with the 1989/1990 TTI counts. Also, in some
cases where existing ramps were not modeled in the NCTCOG assignment, other refinements had to
be made to the year 2015 volumes to determine the freeway ramp volumes. Figure A-19 shows the

adjusted year 2015 volumes for each corridor, which were used in the study.
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Figure A-1. 24-Hour Volumes for IH 20
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Figure A-1. 24-Hour Volumes for IH 20 (cont.)
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Figure A-2. 24-Hour Volumes for IH 30 East
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Figure A-4. 24-Hour Volumes for IH 35E North
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Figure A-4. 24-Hour Volumes for IH 35E North (cont.)
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Figure A-5. 24-Hour Volumes for IH 35E South
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Figure A-5. 24-Hour Volumes for IH 35E South (cont.)
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Figure A-6. 24-Hour Volumes for IH 45
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Figure A-7. 24-Hour Volumes for IH 635 East
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Figure A-7. 24-Hour Volumes for IH 635 East (cont.)
_ —
180,000 | O TTI 1989
i i
160,000 - ——
140,000 — SZ
120,000 - N A Adjusted 1986
100,000 — ;K ] /}%
80,000 J e -+ e -0 [J/K : ‘
60,000 At
Adjusted 2010
] | ATR=69,000 £ O Adjuste
40,000
20,000 —
) o o = (0] 8 7] v % = E c ol (9] [} =] =]
A ) A =t 5 3 3 8 8 = =)
= z £ &4 g3 & § & § 2 : 8 = = 5§ 3
g g § g ’ 4 3 3 ’
e Z 5 Al/None 2010




P © TTI 1989
A NCTCOG 1986

]

H AlrNone 2010

SL8nd

SLSN'M

e 182001H

227,000 |

, ATR

[

Figure A-8. 24-Hour Volumes for IH 635 North

|

100,000 —+

400,000
300,000

18210]]1H
68¢ 1

INd 3
INd
KempiN 3
Aempin "M
ysiepy
fodeyn m 3
pdeyd MM
FSEHI T
ASEHI M
eun g

191 9

191 "M
bE.taq«UﬁZ
oumpg g
SUINRE "M
LAG |

°AOY "M




Figure A-9. 24-Hour Volumes for US 67
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Figure A-10. 24-Hour Volumes for US 75
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Figure A-11. 24-Hour Volumes for US 80
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Figure A-12. 24-Hour Volumes for US 175
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Figure A-13. 24-Hour Volumes for SH 114
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Figure A-14. 24-Hour Volumes for SH 161

6 Total 2010

H Ali/None 2010

T »

;

I

m

.

i :

m‘

| \

| , ;

i ' :

| i

; , W

| :

A, H

i

i

o

|

——
4.

IS 7

k)

o o »)

(@] (] [

=1 S <3

(@] [®] (@]

N =] @0

[aV] [aY -—

160,000

140,000

120,000
100.000

- 4 ““““ o % ‘
| W
f j T
H i |
; | .
e i e
” h
S i S DR
i
i
_
& (&) o
[ (] [@)
S S S
(@] @] [
QKO w ~r

OTHI N
PRUAEIN "N
IOLITAL S

£0g indg N
[RYSIIN N

e RONOIC) N

uosSIdOr S

08 8N
Yyuom e N
Aenuef g

urwioy ‘N

e e Avpp uendAFg N

AnNd owie) N
g g g
Al Apug N
.01 Apeys 'S
24010 ApPYS ‘N
€831HS 'S

- - ¢8ITHS 'N

20,000

aredyuoN 'S
oredyUoN ‘N
IH mufem "N
sulfijed
Aemoien g

ApAasoIen)

- PITHS 'S

PITHS N
YUY
CE9HI'S

A-19




Figure A-15. 24-Hour Volumes for SH 183
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Figure A-16. 24-Hour Volumes for SH 190
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Figure A-16. 24-Hour Volumes for SH 190 (cont.)
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Figure A-17. 24-Hour Volumes for Loop 12/Spur 408
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Figure A-18. 24-Hour Volumes for Trinity Parkway
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Figure A-19. 24-Hour Year 2015 System Planning Study Volumes
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APPENDIX B - AVERAGE ANNUAL COST OF ALTERNATIVES

Appendix B consists of the alternative configurations analyzed for each freeway corridor and
the corresponding average annual cost for the freeways in the Dallas Freeway/HOV System Planning
Study. The alternatives analysis for each corridor consists of development and evaluation of several
cross sections. The alternatives analysis for the entire freeway system was an iterative process based
on the constraints that would control where traffic could be loaded and unloaded to other facilities
and the demand for each portion of the corridor. The average annual cost includes rehabilitation,
construction, right-of-way, operating and maintenance, and congestion cost. Rehabilitation cost is
required in corridors where the existing pavement has reached its design life or where current design

standards are not met.

The cross sections evaluated for each corridor (where appropriate) included the existing cross
section, the NCTCOG Mobility Plan cross section, an all general-purpose lane cross section, and
cross sections including express lanes, a 2-or-more (2+) person HOV lane, and a 3-or-more (3+)
person HOV lane. In many cases, variations of each cross section were evaluated such as the number

of HOV or express lanes, at-grade versus elevated HOV or express lanes, and combinations of HOV

lanes and express lanes.

The costs shown in the following tables are the average annual cost, based on 1990 dollars, for
the years 1990 through 2015. The alternative highlighted with a heavy solid line for each corridor
is the recommended alternative for the System Planning Study. The alternative highlighted with a
heavy dashed line is an example of one poésible freeway and HOV system that operates with 3+
carpools and significantly constrained capital funding. The limited data on 3+ HOV facilities make
estimations of ridership levels on this system more difficult than a 2+ HOV system and have less

reliability than the recommended system.



Table B-1. Average Annual Costs for IH 20

(1990-2015)

Alt, Constr R.O.W. Total Total Avg
Cost Cost Capital OC& tM c"c‘:fsis‘ Annual
($mill) {($mill} Cost ($r?13ill) ($mill) Cost
{$mill) {$mill)
- S— A — " - I—
1 0.9 0.0 0.9 || o1 12.3 13.3
County . ‘
Line SH 181 Spur 408 us 87 1-35 1-45 1-835 Belt Line
( No ) | 8 i ; 8 L 8 | | 8 L 8 |
Action — ; f I T T T i
GP
-—_-r——_ S TN
5 4.0 0.0 4.0 0.1 1.2 5.3
CoG c%.!:‘;y SH 161 Spur 408 USs 87 1-35 1-45 1-635 Belt Line
Mobility | | 12 ; 8 | ; 8 i |
Plan I ! T i I I 1 ]
All
ol GP
2.6 0.0 2.6 0.1 2.6 5.3
3
County
Line SH 161 Spur 408 uUs 87 1-35 1-45 o 1-635 Belt Line
(G“i',,) — | ; | | | 1‘ |
GP
5.4 0.0 54 f 0.1 0.2 5.7
4
County
Line SH 181 Spur 408 Us 67 1-35 1-45 1-835 Belt Line
All | 1 L 12 ! L 8 | | 8 | |
G-P I R 7 I T 1 T !
GP
T - W
2.9 0.0 2.9 0.3 1.2 4.4
5
County
Line SH 181 Spur 408 us 67 1-35 [-45 1-835 Belt Line
I 10 ! | | 8 | | 8 | |
™ T I T I —1 T =
( G-F ) GP o
P EXP S
DR
6 4.0 0.0 4.0 0.35 1.3 5.7
County
Line SH 161 Spur 408 us v 1-35 145 1-635 Belt Line
}~ f r f 3 i i 1'
( G-p GP
+ 1R
HOV, F R M SRS SWUEED (R SR IR
2 ) HOV (2+)
LEGEND
— wemm— Elevated Express
At—Grade GP v = s » Elevated HOV

—— At—Grade Express
o e e At—Grade HOV

R - Reversible
B -~ Bi-Directional
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Table B-2. Average Annual Costs for IH 30 East

— — At—Grade Express
w— e e At—Grade HOV

Reversible
Bi~Directional

(1990-2015)
=
Alt. Constr R.O.W. Total Total Avg
(é?ost ) (é?ost ) Capital chstM C%I:}gsiﬁ Annual
mill mill Cost i . Cost
(sr‘;?u) ($mill) ($mill) (313111)
1 0.4 0.0 0.4 0.1 57.7 58.2
CBD Peak E Grand Ferguson uUs 8o LBJ Belt Line
(sein) GP & | | — |
21.2 1.1 22.3 0.35 2.6 25.3
2
COG CBD Peak E Grand Ferguson us 8g 6 LBJ Belt Line
Mobility GP %12 1o 1 10 f % |
Plan EXP 4B 4B 4B 4B
op BYPASS e
+ Exp
(+2”3"‘) HOV (2+4) b 2 L m B e B e = By
3 2.2 0.0 2.2 0.1 50.8 53.1
CBD Peak E Grand Ferguson uUs 8o LBJ Belt Line
() GP 10— | et
4 16.8 3.7 205 | 0.3 0.9 21.7
CBD Peak E Grand Ferguson Us 80 LBJ Belt Line
GP; 10 % 18 [ 8 % 14 % 10 } 10 |
(&) "
BYPASS jmm—
10.6 1.9 12.5 0.3 4.0 16.8
5 CBD Peak E Grand 2 Ferguson US 80 LBJ Belt Line
GP 1212 | : 10 = | 2 |
- EXP g B B
( e ) BYPASS e
10.3 1.3 11.6 0.3 4.4 16.3
6 CBD Peak oE Grand 0 Ferguson us 8o LBJ Belt Line
GP; 10 '[ 1 1. 1 IL 10 ]g [ i 8 il
( o-p ) EXP R ® R 2R
+
Ex 3R
’ BYPASS
LEGEND
A mwemmmes  [levated Express
At~Grade GP LI B Elevated HOV




Table B-2. Average Annual Costs for IH 30 East (cont.)
(1990-2015)
Alt. jr Constr R.O.¥W. Total 0 & M Congest Total Avg
. Cost Cost Capital Cost Cogst Annual
($mill) ($mill) (&’31‘}) ($mill) ($mill) (&’fnﬁ)
5.6 0.0 5.6 0.35 3.7 9.7
7
CBD Peak E Grand Ferguson us 8o LBJ Belt Line
GP —2——2— : : . : |
oF HOV (2+)p gt Fmpr = & — e = & -
( HOV, ) 2R
2+ EXP BYPASS |wemmu
6.0 0.3 6.3 0.35 3.2 9.9
8 CBD Peak E Grand Ferguson 8 Us 80 LBJ Belt Line
GP ———— % | ;
1R 2R 2R 2R 1R
(G;P) HOV (2+)F— = — = —— — = —— — ===
HOV,
= EXP BYPASS jr
- I _ L
6.5 0.7 7.2 0.35 1.7 9.3
9 CBD Peak E Grand Ferguson uUs 80 LB Belt Line
GP 0 —— | |
1R 2R 2R 2R 1R
o HOV (R4)F————p——— — - —— — o — — — —
(“z"f') EXP BYPASS preen]
9.9 1.0 "7 10.9 0.35 7.8 19.1
10 CBD Peak E Grand Ferguson uUs 8o LBJ Belt Line
GP ‘L 8 Il 10 = 10 10 ; { ||
(c:p) HOV (2+4) p 2B p PR e 2B ) 2R L IR
HOV,
* 7/ |EXP BYPASS e
7.6 0.5 8.1 0.35 7.6 16.1
11 CBD Peak E Grand Ferguson Us 8o LBJ Belt Line
GP} 10 I 10 _} 10 10 i : :
(G;P) HOV (34) p Lip AP — LB e LR ey
HOV,
3+ 2B
EXP BYPASS |m—
LEGEND
T e Flevated Express
- At-Grade GP » = = » Flevated HOV
— —— At-Grade Express R - Reversible
— o At-Grade HOV B —~ Bi-Directional




Table B-2.

Average Annual Costs for IH 30 East (cont.)

(1990-2015)
Alt. Constr R.O.W, Total Total A
gos-,t Cost Ca(;)ital OCicstM Co&gs?t gnanua‘{g
($mill) ($mill) s ($mill) ($mill) s
57 0.5 6.2 0.35 12.3 18.9
12
CBD Peak E Grand Ferguson Us 80 LBJ Belt Line
GP } 10 _[L 10 |' 10 ]| 8 % 3] % 8 1
("’:*’) HOV ()b e m 2B e B R
HOV,
3+'/ || EXP BYPASS et
4.7 0.1 4.8 0.35 19.1 24.3
13 CBD Peak E Grand Ferguson Us 80 LBJ Belt Line
Cons GP 198 e ; . j —yq . |
Budget
1R 1R IR iR IR
6-p HOV (3+)F——4—— = — — —|— — — — H————
HOV,
o EXP BYPASS ey
M G M BSSSE  ENSSEN  MER MM M MG BT MGEE NS S LA G e e

] LEGEND

T e Flevated Express
| ————— At—Grade GP 1+ & » s Elevated HOV

| — — At—Grade Express R = Reversible

l - = At—Grade HOV B — Bi-Directional
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Table B-3. Average Annual Costs for IH 30 West

B-6

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
giost ) Cost ) Capital OCf:stM COCI:)%(ESt Annual
{$mill ($mill Cost ; : Cost
($mill) ($mill) {($mill) ($mill)
| 0.5 0.0 0.5 0.1 89.7 90.3
SH 360 SH 181 Loop 12 Hampton Trinity 1-35E
( No ) GP | 6 | : s ; |
Action I T ¥ | T E
5 12.8 0.7 13.5 0.35 54.0 67.9
SH 360 SH 161 Loop 12 Hampton Trinity 1-35E
( GP | f 1 i t %
TxDO’!‘)
1R 1R 1R IR
HOV b = o e o e e o o o o o e e e e o e e ]
q 13.4 0.9 14.3 0.35 47.9 62.6
coG SH 380 12 SH 161 Loop 12 Hampton Trinity 1-35E
Mobility GP F f 4 t l |
an
'yl 1R 1R IR IR
15.6 2.3 17.9 0.35 | 4.2 22.5
4 SH 360 12 SH 1681 Loop 12 Hampton Trinity 1-35E
oG GP - { i + i
Mobility
Plan 2 2R 2R 2R 2R
Ha\* HOV (2+)l"""—'—"'f'""'_—-}"——'_"}"—"'-"
2+
- I —
23.6 8.5 32.1 0.1 1.7 33.9
5
SH‘360 SH 181 Loop 12 Hampton Trinity 1-35E
( Al ) GP i F i f § {
G-p
LEGEND
T e Flevated Express
At-Grade GP + « = ¢ Elevated HOV
— —— At-~Grade Express R - Reversible
m— e w— At-Grade HOV B - Bi-Directional




Table B-3. Average Annual Costs for IH 30 West (cont.)
(1990-2015)

Alt. Constr R.O.W. Total Total Av,
($Cost | (3CGStl) Capital ch‘StM C%’:)g;;ﬂ Amrmalg
mill mil Cost . : Cost
($mill) ($mill) ($mil1) ($mill)
19.4 2.0 21.4 0.3 5.2 26.9
6 SH 360 SH 161 lLoop 12 Hampton Trinity 1-35E
GP | e a a |
G-p ’ 3R , 2R ‘ 2R . 2R |
( i ) EXP e . , et .
Exp
16.0 2.6 18.6 0.35 6.0 25.0
7 SH 360 SH 1861 Loop 12 0 Hampton Trinity 1-35E
e e B — | |
G-P
(Hgv) HOV e B e = F e e By R
2+‘ (2+)
15.2 2.0 17.2 0.35 13.1 30.7
8 SH 360 12 SH 161 10 Loop 12 Hampton Trinity 1~35E
GP | a L ! |
G-P
(Hgv) HOV b= P e e e e o B
34+ (3+)
- S S
9 10.6 0.0 10.6 0.35 41.0 52.0
Cons SH 360 SH 161 8 Loop 12 8 Hampton Trinity 8 1-35E
Budget GP } } ; = { i
G~-P
(H;;v) HOV P — = — —p — S e =2 — = =2y
3+ (3+)
W
LEGEND
I wmsen  Elevated Express
— At-Grade GP * = = s Elevated HOV

— —— At-Grade Express
o At-Grade HOV

R — Reversible
B -~ Bi-Directional

B-7



Table B-4. Average Annual Costs for IH 35E North
(1990-2015)

Alt. Constr R.O.W. Total Total Avg
Cost Cost Capital chcstM Cocr;gsezst Annual
($min) ($roith) Pt ($mil1) ($mill) it
0.7 0.0 0.7 0.1 148.2 149.0
1
SH 121
SH 121 Bypass SH 190 1-835 Loop 12 SH 183 DNT
( &)) GP | | | | ] | 10
Action ! I 7 T | i !
2 37.8 0.8 38.6 0.35 12.9 91.9
coG SH 121 Trpacs SH 190 1-635 Loop 12 SH 183 DNT
Mobility \ 10 YP ’ ! ‘ P | 10 ‘
Plan GP | ! i 1 T 7 |
G-P IR 2R 2R 3R
HDVT2+ HOV o o o e o o o o o o [ e e e e e s e e ]
. (2+)
Elev
Exp , 4B ‘ 4B . 4B l 4B ,
EXP , . ' .
3 37.8 13.1 50.9 0.1 4.5 55.5
SH 121
SH 121 Bypass SH 190 1-835 Loop 12 SH 183 DNT
( Al ) GP | — My : | : e
G~P
33.2 7.7 40.9 0.3 7.4 48.6
4 SH 121
SH 121 Bypass SH 190 1-635 Loop 12 SH 183 DNT
GP ——*—— i a ; 2
HOV (2+) e e L1 -
(‘;Ep) EXP 2R l 3R .i 3R | 3R | 2R —
38.0 4.0 42.0 0.3 7.4 49,7
5 SH 121
SH 121 Bypass SH 190 1-635 Loop 12 SH 183 DNT
GP —° | i : z : N
1
R
or HOV (2+) =8 ——
*
(Ele" ) . 2R , 3R , 3R . 3R , 2R ,
Exp EXP | v 1 T T 1
* Short Term Improvement
LEGEND

At—Grade GP

— At—Grade Express

w— - At—Grade HOV

mm—— Flevated Express

+ = » + Elevated HOV
R — Reversible

B -~ Bi-Directional




~—— —— At—Grade Express
e At—Grade HOV

R
B

- Reversible
— Bi-Directional

Table B-4. Average Annual Costs for IH 35E North (cont.)
(1990-2015)
Alt. Constr R.O.W. Total Total Avg
Cost Cost Capital OCfstM Coclzgs‘?t Annual
(it R R ($milD) ($mil) ($mal)
6 33.3 7.2 40.5 0.35 6.6 47.5
SH 121
SH 121 Bypass SH 190 1-635 Loop 12 SH 183 DNT
GP ——"— s : ; —
G:P HOV 2R 2R 2R 2R + IR
v, e el et e bttt EEEELE
2+ (B+) o
36.0 4.4 40.4 0.35 6.6 47.4
7 SH 121
SH 121 Bypass SH 190 1-635 Loop 12 st 183 DNT
cp GP | ; ol : ; : |
4+
Elev
2R 2R 2R 2R + IR
(320:?.) (%(-):;P--.njila.u]tnnntfl:-lq
T _
29.5 3.6 .] 33.1 -ﬂl 0.35 15.2 48.7
8 SH 121
SH 121 Bypass SH 190 1-635 Loop 12 SH 183 DNT
GP | e f ; i | P
G;P IR 1R iR 2R IR
v F%P————+——-—P———ﬁ————%————ﬁ
* 3+
31.4 2.7 34.1 0.35 15.2 49.7
9 SH 121
SH 121 Bypass SH 190 1-635 Loop 12 SH 183 DNT
oop GP | | ; i i 2
+
Elev IR 1R 1R
HOV % W & % B 2 % ®2 K » = »x E = R » 8 = R B B » =
(H;j-) Bose | | . Y .
——
r 24.8 1.9 26.7 0.35 25.1 528 |
10 SH 12¢
Cons SH 121 Bypass SH 190 3~835 Loop 12 SH 183 DNT
Budeet GP | ; ,' % : "
IR IR IR IR + IR
o-r HOV p o e e e e e -
HOV, (3+)
v EXP =
M
i I —I
LEGEND
e m———— Elevated Express
At-Grade GP + = » 1 Elevated HOV



Table B-5. Average Annual Costs for IH 35E South/US 67
(1990-2015)
Alt. Constr R.O.W. Total Total Avg
Cost Cost Capital OC& tM Cocr:)gsfist Annual
($mill) ($mill) Cost ($1$18111) ($mill) Cost
($mill) {$mill)
i 0.9 0.0 0.9 0.1 77.9 78.9
Trinity Ewing us 87 i-20 Helt Line
I35 GP | 2 : 2 I : § : |
No
(ACtiOD) [~35E Hampton 1-20 Belt Line
6 4 4
us 67 GP | : : |
o 17.9 1.0 18.9 0.35 12.4 31.7
Trinity Ewing 10 us 67 o 1-20 Belt Line
0 ;
oG -5 GP | L ] i } §
Mobility EXP | 4B ; 4B ;
Flan ' 1R ' IR '
HOV (2+)}__._..._..._.___{
6P 1~35E Hampton 1-20 Belt Line
HOV, 2+ us 67 GP | | ; 6 |
* 1R 1R
Eélev HOV (2+) }_—__._i___._...‘
xp
3 19.6 4.2 23.8 0.1 3.6 27.5
Trinity 18 Ewing 8 us 87 10 1-20 8 Belt Line
i-358 GP | F : l I %
All
( G-P ) 1-35E Hampton 1-20 Belt Line
. a 8
us 87 GP | | 6 |
16.4 1.6 18.0 0.3 7.4 2H.7
4 Trinity Ewing us 67 [-20 Belt Line
1-35E Gp '\ 12 I‘ 12 ; 8 = 8 é
EXP % 2R } 2R ;
G~P 1-35E Hampton 1-20 Belt Line
( + ) us 67 GP | 8 | 8 ; & |
2-Lane
2R 2R
Exp EXP | f |
15.7 2.1 17.8 0.3 7.4 25.5
Trinity Ewing US 67 1-20 Belt Line
o 1-3s¢ GP | 12 } 12 i 2 i {
X 2R . 2R ,
EXP i ¥ .
C-P 1-35E 6 Hampton 6 i~20 Belt Line
. 6
Z-Eane Us 67 Gp [ ; E II
Elev
Exp EXP — #— - 2
15.4 0.5 15.9 0.3 8.7 24.9
8 Trinity Ewing us 87 1-20 Belt Line
-3 GP ——2° | : . { é
L JR ¢ 3R | 2R
EXP j— ; . l'
G-P
3-Lane I-85E  Hempton 1-20 Belt Line
8 H i
Eélxe; us 87 GP | : ; |
LEGEND = Elevated Express
At—-Grade GP t & & & Flevated HOV
—— —— At-Grade Express R -~ Reversible
- — o At—Grade HOV B - Bi-Directional




Table B-5. Average Annual Costs for IH 35E South/US 67 (cont.)

(1990-2015)

Alt. Constr R.O.W. Total Total Av
Cost Cost Capital OCf;stM COCI;i‘iSt Annualg
($mill) ($mill) (Soll) ($mill) ($mil}) s
11.4 1.0 12.4 0.35 6.1 18.9
7 i GPTrix}lity 10 Ew;ng 10 US§67 o l-;ZO 6 Belt ILine
HOVI = e e = e e e P
cp (2+) 1-35E Hampton 1-20 Belt Line
24 HOV (24) =2 — — | — & — A
12.0 0.5 12.5 0.35 6.1 ! 19.0
Trinity Ewing Us 87 120 Belt Line
8 1-35E Gp } 10 10 ; 8 } L] |
HOVP-- nl+llll+——-—.-ln—__.__1
G-P (2+) 1~35E Hampton 1-20 Belt Line
2+ HOV (24) =2 ——j— =2 — 4
14.7 1.6 16.3 0.35 4.5 21.2
Trinity Ewing Us 87 I-20 Belt Line
9 1-38 GP | | | . —t
1R IR R
HOVR m e e BB
(3+) 1-35E Hampton 1-20 Belt Line
( oF ) us 67 GP | L ; 8 ; 4 |
HOV, IR iR
3 HOV (3+4) b — = = —j——2 — o
23.0 1.6 24.6 0.35 2.1 27.1
10 asm GPTrir}xity 10 Ewmg US§67 8 1—;20 8 Belt}l.ine
1
2R IR
6P HOV (2+)r-—;k——+——;z——t ————————— -
HOV, EXP | . ‘
2: 1—352 Hampton 1-20 Belt Line
B us 67 GP b— oy
HOV (24) == = —jm == =
1 7.6 0.0 7.6 0.35 17.7 25.7
Cons Trllllity Ewing us 87 s I—?O 6 Belt Line
Budget 1-35¢ GP | IR R { R ; {
oop HOV (34) ;= e e BB ~
( HOV, ) 1-35E Hampton 1-20 Belt Line
3+ us 67 GP | 8 } 8 b 4 |
iR R
HOV (34) == = —|—— -——
R N TR —
LEGEND
I e Llevated Express
— At—-Grade GP v = a s Elevated HOV
— —— At-Grade Express R -~ Reversible
— e At —Grade HOV B -~ Bi-Directional




Table B-6. Average Annual Costs for IH 45

(1990-2015)
S I~ I Y
mill mill Cost . . Cost
($mill) ($mill) ($mill) ($mill)
S——————
0.4 0.0 0.4 0.1 0.8 1.3
1
Dowdy
1-30 Us 175 Bypass Mlinois I-20 6 Ferry Belt Line
( TxDOT) GP | 10 i g | ‘. . é i . :'
-
2 1.9 7 0.0 1.9 0.1 I 0.6 2.6
Mo%?ﬁty Dowdy
Plan 1-30 Us§ 175 Bypass IHinois 1-20 Ferry Belt Line
(m) GP ——rt—° ' — " ]
G-P
3 2.8 0.4 3.2 0.1 0.2 3.5
Dowdy
1-30 Us 175 Bypass Dlinois 1-20 Ferry Belt Line
Al GP 10 ! 8 | | 6 | 8 ! 6 |
G-F f I I f T ] 1
4 6.8 1.3 8.1 0.3 0.2 8.6
Dowdy
1-30 us 175 Bypass Minois I-20 Ferry Belt Line
( C:P ) GP } 10 } [:] ; ! 8 g 8 ; 4 %
Exp
EXP p— &% —f —*— | B
5 6.0 0.7 6.7 0.35 0.1 7.2
Dowdy
G:P GI;-IGO us 11’1'5 6 Byplass Illirrois !-?0 6 Fexl-ry 6 Bell Line
Hov, 1 ] I | I f 1
2+ 1R 1R 1R

HOVp = ffm e — 1B

(2+)

LEGEND

At—Grade GP

-— At-Grade Express
e - At—-Grade HOV

R -

B _

wemm—— ['levated Express

Elevated HOV
Reversible
Bi—-Directional

B-12




Table B-7. Average Annual Costs for IH 635 North

(1990-2015)
auo e |mow Tl o aw | congest | Tolal e
($mill) ($miil) Cost ($ osﬂ) ($xgsijll) Cost
($mill) mi ($mill)
{ 0.5 0.0 0.5 0.1 130.0 130.6
County
Line SH 190/1861 1-35E DNT us 75
(1etn) GP | : : —
) 30.4 5.0 35.4 0.35 12.2 48.0
COG County
Mobility Line SH 190/161 [-358 DNT Us 75
Plan 1 GP E 4 E % 10 ; 10 |\
G-P IR 2B 2B
for . HOV (24) b= m =B e 2
i +
Elev EXPRESS e e
q 30.4 5.0 354 0.35 4.7 40.5
coG
Mobility Cm.mty
Plan 2 Line SH 190/161 1-35E DNT us 75
GP F———— L Em—
G-P
Hov, + HOV (34) == — e = 2 e =2 — o
by EXPRESS | —————
4 27.4 13.6 41.0 0.1 1.2 42.3
County
Line SH 190/161 1-35E 8 DNT 8 Us 75
(&) GP | | ! i i
_27.4 6.4 33.8 0.3 6.9 41.0
5 County
Line SH 190/161 I-35K DNT Us 75
GP | . % | 2 — |
€F 4B B
( Hev ) EXPRESS | e ;
Exp
LEGEND
e e Flevated Express
At-Grade GP t+ = » 1 Elevated HOV
— = At—Grade Express R~ Reversible
— e w At—Grade HOV B ~ Bi-Directional

B-13




Table B-7. Average Annual Costs for IH 635 North (cont.)

(1990-2015)

Alt. Constr R.O.W. Total Total A
Co;t Cost Ca?)i?al chcst,M COCI;gS‘iSt Knanua}?g
($mill) ($mill) (ol ($mill) ($mill) (fx%?h)
28.5 5.0 33.5 0.3 7.1 40.9
6
County
Line SH 190/161 [~35E DNT Us 75
GP E 4 ; 10 ; 12 i 12 I‘
o o o
Exp EXPRESS F h 1
24.5 3.3 27.8 0.35 4.7 32.9
7 County
Line SH 190/181 I-35E DNT us 7%
. GP | ; e 1 |
G,—
.
(%)?) HOV 1_._1‘.2._-.*.-38..+-.4B:--1
(2+)
245 | 3.3 278 0.35 9.4 37.6
8 County
Line SH 190/161 1-35E DNT us 75
GP I_ 4 ; 10 1[ 10 : 10 I
6P IR 4B 4B
(}I‘{}g&\y) HOV l—————-ﬁl--.é-ul-q
2+ (2+)
9 18.1 3.3 21.4 0.35 35.8 57.6
County
line SH 190/161 1~35E DNT us 75
GP i 4 i 10 | 10 : 10 ||
G-P
H(’;v 1R 2B 28
ov. HOV b e e e e e =
(3+)
. 17.1 3.3 204 | 0.35 38.7 59.5
County
Cons Line
Budget GP i

G-P
+
HOV,
3+

)

LEGEND

T m——— Elevated Express
——m At—Grade GP * = = 1 Elevated HOV
—— ~—— At—Grade Express R -~ Reversible
e we At—~Grade HOV B - Bi-Directional

B-14




Table B-8. Average Annual Costs for IH 635 East

(1990-2015)

Alt. Constr R.O.W. Total Total Avg
(scost ) (§ost } Capital chcStM Cocx:)gsist Annual
mill mill Cost . . Cost
0.6 0.0 0.6 0.1 48.0 48.7
1
Us 75 Skillman Garland 1-30 8 US B0 1-20
(1ote) GP | | : | | i
> 12.0 0.0 12.2 0.15 5.5 17.9
Us 75 Skillman 1-30 US 80 1-20
GP 1 10 | 10 i 10 I 10 i 10 |
TxDOT f 1 T T T i
- 28 2B 28
°+P) HOV o= o e = e e =
v
(2+)
3 8.4 0.0 8.4 0.35 7.1 15.9
cot us 75 Skillman Garland 1-30 US 80 120
Mobility i { 16 1 10 i 10 | |
Plan 1 GP ! 1 } I 1 1
- IR IR iR
(G*P) HOV b= o= o e e o e o] o e e e ]
ov,
HOY (2+)
8.8 0.0 8.8 0.35 2.1 11.3
4
CoG Us 75 Skiliman 10 Garland 10 1-30 10 Us 8o I-20
G GP| = * f * |
G~P 2R iR 1R
( + ) HOV b= oo v o s e —— ] ——— — ]
HOV,
2+ (2+)
5 19.7 1.8 21.5 0.1 0.9 22.5
us 75 . Skillman Garland 1-30 US 80 1-20
( Al ) GP | 4 f i i 12 i = i
G-P
9.2 0.0 9.2 0.3 3.3 12.8
6
us 75 Skiliman Garland 1-30 Us 8o 1-20
GP I 10 : 10 } 10 ; 10 l 10 |
+
Exp EXP — 2% —f —F— — B
LEGEND
—— m——— Elevated Express
- At—Grade GP 1 » s s Elevated HOV
— - At-Grade Express R ~ Reversible
— e - At—Grade HOV B - Bi-Directional




— —— At-Grade Express
— wee we At—Grade HOV

R - Reversible
B ~— Bi-Directionsl

Table B-8. Average Annual Costs for IH 635 East (cont.)
(1990-2015)
Alt. Constr R.OW, Total Total Av
( sCost ) { sCost ) Capital Ok M Congest Annual-
mill ill Cost : . Cost
mi (31?311) {($mill) ($mill) (Sx(x)lsill)
. 6.9 0.0 6.9 0.35 3.5 10.8
US 75 Skillman Garland 1-30 US 80 1-20
GP ——"— ; ; I |
G-P 2R 2R 2R
(usv) HOV b —Z = = =2 = = =% —
2+’ (2+)
8 4.6 0.0 4.6 0.35 10.7 15.7
Uus 75 Skillman Garland 1-30 uUs 8o 1-20
GP | | : z : . | |
(“:") HOV b — S — e =2 — = =2 —
N (R+)
9 5.9 0.0 5.9 0.35 7.4 13.7
us 75 Skillman Garland 1-30 Us B0 1-20
GP ¢ | 2 i ] 2 : {
_ 2R 2R 2R
(;3") HOV p——— = ——— o= ——— o
fov, (R+)
10.1 0.0 10.1 0.35 1.8 12.3
10
us 75 Skillman Garland 1-30 UsS 80 1-20
GP | i 10 i 10 |‘ 10 I %
G-P
(H?;v) HOV =S — e = 2 m o= =2 —
2+’ (2+)
1 8.4 0.0 8.4 0.35 6.9 15.7
Us 75 Skillman Garland 1-30 US 80 1-20
oop GP I ; 10 ; 10 % 10 { {
+
(Hf?f') HOV b — = — — = = = o= = —
(3+)
12 4.2 0.0 4.2 0.35 29.7 34.3
Cons illman arlan - -
Budget G;s;s smllI G 1I| d 1 ;}0 US;SO . 1 {20 I
(;5:) HOV bm = = e = e e = = — o
a4 (3+)
( LEGEND
[ = Elevated Express
At—-Grade GP » » ® 1 Elevated HOV




Table B-9. Average Annual Costs for US 75

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
Cost ) Cost ) Capital OC(&:stM CDCI:)%:lSt Annual
{$mill {($mill Cost : < Cost
($mill) {($mill) ($mill) ($mill)
{ 0.3 0.0 0.3 0.1 25.0 25.4
Spring
1-835 Valley Arapaha SH 180 15th Parker
(i) GP| : | } | |
5 23.7 3.9 27.6 0.35 1.0 29.0
Spring
CoG 1-835 Valley Arapaho SH 190 15th Parker
Mobility GP : § 10 i = S 10 |
Plan i
G:P 4B 4B ’ 4B ! 4B
Elev EXP
E:p
iR iR 1R 1R
Hzﬂf- HOV (2+)}-————P._———l————.—)_—w—-{
3 14.7 4.4 19.1 0.1 0.6 19.7
Spring
1-835 Valley Arapaho SH 190 15th Parker
( All ) GP | ; 16 , 10 | 10 | 10 .
G~P I i i i 1 b
5.8 1.5 7.3 0.3 3.2 10.8
4 Spring
1-835 Valley Arapaho SH 1890 15th Parker
GP | 10 ; i0 | 1 ; i
[ f 1 I T 1
2R 2R 2R 2R 2R |
( o-p ) EXP — —— - | s % |
Exp
6.4 1.0 7.4 0.3 3.2 10.9
5 Spring
1-835 10 Valley 10 Arapaho SH 190 15th s Parker
GP | I i } % I
“.p ! , 2R 1 2R \ 2R 1 2R
Elev EXP - ! t I I "M{
Exp
LEGEND
s Flevated Express
At—Grade GP + » » 1 Flevated HOV

—— At—Grade Express
o e At—Grade HOV

R - Reversible
B - Bi-Directional

B-17




Table B-9. Average Annual Costs for US 75 (cont.)

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
Cost Cost Capital chcStM Cocrz)gsist Annual
($mill) ($mill) Cost ($mill) ($mill) Cost
($mill) (8mill)
B 6.1 0.5 | 6.6 | 0.35 2.3 9.3
Sori
6 1~835 V‘;‘;;:; Arapabo SH 190 15th Parker
GP | | : ; * : |
G-P 2R iR R
; HOV b= = e e e e o e o o e o o o e e o o
HOV, (2+)
3.7 0.35 2.3 6.4
Spring
7 1-835 Valley 6 Arapaho 5 SH 190 8 15th Parker
GP | 8 i i } ] |
G:P HO\}h IERII+I lzl:.q-—g————li{._ﬁ
1
Hov, (2+)
Z2+
6.7 1.0 7.7 0.35 T 7.6 15.7
Sori
8 1835 o Viﬁgyg 10 Arapaho 8 SH 190 6 15th Parker
GP | ! i i I i 1
G:P R R iR R
1 1 1
(}E{lge;) HOV o o o oo s e e e o e o s s s e e
3+ (3+)
2.7 0.0 2.7 0.35 15.1 18.2
9
Spring
l—§35 8 Valley 8 Arapaho s SH 180 8 15th Parker
Budget GP | | ; : i %
6P iR 1R R
+
(HOV.) HOV b = = = o e o = o o [ e = — o ——
3+ (3+)
... 2—
LEGEND
I mm——— Flevated Express
———— At-Grade GP + = m v Elevated HOV
-~ —— At—-Grade Express R - Reversible
e e At—Grade HOV B -~ Bi-Directional

B-18




Table B-10. Average Annual Costs for US 80

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
: 0 & M Congest
($mmill) ($mil) st cost cost Hooat
($mill) ($mill) ($mill) (8mill)
T —
) 0.2 0.0 0.2 0.1 8.4 8.7
1-30 TWNE . 1835 . Belt Line
(seit) GP b | |
2 1.7 0.0 1.7 0.1 0.3 2.1
o
M?"l’;l::ty 1-30 TWNE 1-835 Belt Line
GP | : : b . |
(&%)
3 4.0 0.4 4.4 0.1 0.0 4.5
1-30 . TWNE 1-835 o Belt Line
(All) GP | T : E
G-P
2.1 0.0 2.1 0.3 0.2 2.6
4
1-30 TWNE 1-835 Belt Line
GP | ! | ! l ! |
G:P 2R 2R 2R
( Elev ) EXP | i i w—
Exp
1.7 0.0 1.7 035 | 0.2 2.3
S 1-30 TWNE 1-635 Belt Line
GP | ! i : %
G:P 1R IR
( HOV, ) HOV o = o e | o e e —
2+ (2+)
LEGEND
———— wemee— Elevated Express
- At~Grade GP v » = » Elevated HOV
— —— At—Grade Express R ~ Reversible
— - At—-Grade HOV B ~ Bi-Directional

B-19




Table B-10. Average Annual Costs for US 80 (cont.)

(1990-2015)
Alt. Constr R.C.W. Total Total Avg
Cost Cost Capital OC& tM C()Cr;gsist Annual
($mill) ($mill) Cost {ﬁix?\?ll) ($mill) Cost
($mill) {$mill)
1.7 0.0 1.7 0.35 0.4 2.5
6
1-30 TWNE . 1-635 ¢ Bt Line
Gp ——* i a |
G-P
+ IR 1R
uov,) 5 (0 ) T P L
I+ (3+)
LEGEND
[ e Elevated Express
At—Grade GP + = = 1 Flevated HOV
-  —— At—Grade Express R -~ Reversible
— = At—Grade HOV B - Bi-Directional

B-20




Table B-11. Average Annual Costs for US 175

(1990-2015)

Alt. Constr R.O.W. Total Total Avg
Cost Cost Capital OC& M Congest Annual
i : ost Cost
{$mill) {$mill) Cost ($mill) ($mill) Cost
($mill) ($mill)
. 0.4 0.0 0.4 0.1 17.1 17.6
No 145 Bypass o 2nd Ave Iim Miller 6 120 Belt Line
(Action) GP : { { Ii % ! !
2 1.6 0.0 1.6 0.1 9.0 10.7
Cons
Budget
Nocl:ggt 1-45 Bypass 8 2nd Ave Jim Miller 6 1-20 6 Belt Line
Plan GP | i i i i i
All G~P
N—
5.7 1.0 6.7 0.1 0.5 7.3
3
1-45 Bypass 10 2nd Ave o Jin Miller 6 1-20 8 Belt Line
; i
(&) GP | | | | | |
4 6.2 1.0 7.2 0.1 0.2 7.5
1-45 Bypass 0 2nd Ave 10 Jim Miller 6 1-20 s Belt Line
(&) GP | | | | | |
—
4.7 0.4 5.1 0.3 0.7 6.1
5
1-45 Bypass 6 2nd Ave Jim Miller 6 1-20 6 Belt Line
GP | 1 i i % —
G~P
2R
( Erp ) EXP — #— :
6 5.7 0.7 6.4 0.35 0.9 7.7
1~45 Bypass 2nd Ave Jim Miller I-20 Belt Line
GP | « 8 | | 6 [ 8 |
™ I 1 f ] 1
G~P
2+’ (2+)
~ 3.7 0.2 3.9 0.35 5.1 9.4
1-45 Bypass 2nd Ave Jim Miller 1-20 Belt Line
o-p GP | : : ; . i . |
+ IR IR
(H;j- HOV == = ——— 2 — o
(2+)
LEGEND
A s Flevated Express
At—Grade GP + s s 1 Elevated HOV
-  —— At—Grade Express R~ Reversible
— e e At—Grade HOV B - Bi-Directional

R




Table B-12. Average Annual Costs for SH 114

(1990-2015)
e - A
mill {($mill) Cost | : f Cost
$mi) | (3D ($mill) ($mill)
R I— N - — - : aam — [ m— ) -
) 0.3 0.0 0.3 0.0 3.5 3.8
County
Line SH 181 6 Spur 348 6 Loop 12 N SH 183
(i) GP | : | | ; |
5 2.4 0.0 2.4 0.1 0.0 2.5
CoG
Mobility County
Plan Line SH 161 Spur 348 Loop 12 SH 183
( A ) GP | 2 a : e : "t |
G-P
4.2 0.0 4.2 0.3 0.0 4.5
3
County
Line SH 181 Spur 348 Loop 12 SH 183
GP| : s : { : Pt
( ‘;;P ) EXP — 2R 2R 2R % 2R |
xp
2.4 0.0 2.4 0.35 0.8 3.6
4
County
Line SH 181 Spur 348 Loop 12 SH 183
GP | ° : : : : ; |
G~P
(ugg.) (HOVI———————+———£———+-——2————(——&——4
2+)
5 3.6 0.0 3.6 0.35 0.3 4.3
County
Line SH 161 Spur 348

G-P
+
HOV,
2+

Loop 12 SH 183
8 | [ ! 4 |

GP} & { T | i

HOV rm—m e m e e m = e e Sy R

(2+)

LEGEND

I —— Elevated Express
At—Grade GP + = = » Elevated HOV

-  —— At—Grade Express R~ Reversible

w— e = At—Grade HOV B — Bi-Directional

B-22




Table B-13. Average Annual Costs for SH 161

(1990-2015)
Alt. Constr R.O.W. Total Total Av
Cost Cost Capi;tial chcstM Cocx:)gsetst Xnanualg
($min) ($mill) (gfi}l) ($mill) ($mill) (32‘:5}1)
. 34.6 0.0 34.6 0.1 41.0 75.7
1-20 1-30 SH 183 Belt Line 1-835
(TXDOT) GP } * ] § f
2 40.3 1.9 42.2 0.35 6.3 48.9
Bcbo'f't 1-20 1-30 SH 183 Belt Line 1-835
Plan 1 GP i * E ! i
(G“’) HOV (2+) o e e e
+
n;:’,
3 42.0 2.9 44.9 0.35 0.7 46.0
£OG
Mobility 1-20 1-30 SH 183 Belt Line 1-535
Plan 2 GP | 4 | | |
G-F 2R 2R 2R
(}mv,) HOV (2+) e
2+
4 44.8 5.3 50.1 0.1 0.2 50.4
1-20 . 1~30 SH 183 Belt Line 1-835
() GP | : R
5 38.0 1.4 39.4 0.3 4.0 43.7
1-20 1-30 SH 183 Belt Lline 1-835
GP T ——
c-p 2R 2R 2R
( Exp ) EXPRESS — { —
5 39.0 0.9 39.9 0.3 4.0 44.2
1-20 1-30 SH 183 Belt Line 1-635
GP T 1
G-P
o EXPRESS — = T
= 37.1 0.4 37.5 0.35 4.1 42.0
1-20 . 1-30 SH 183 Belt Lline 1-835
e GP | | : |
+
(Hg}) HOV (2+) o B = B e R
LEGEND
I e Flevated Express
- At—Grade GP s » » » Elevated HOV

- —— At-Grade Express
e w = At--Grade HOV

R
B

- Reversible
- Bi—Directional




Table B-13. Average Annual Costs for SH 161 (cont.)

(1990-2015)
I
Alt. Constr R.O.W. Total H Total Av
(éﬁast | (éiosltl) Capital | chcStM COCI:)gSiSt Annualg
mill mi Cost . . Cost
($mill) ($mill) ($mill) ($mill)
38.2 1.0 39.2 0.35 0.9 40.5
8
20 1-30 SH 183 Belt line 1-835
op GP : t : ¢ % 2 .l 2 ;
+
HOV,
( 2+ ) HOV (2+) el e = - =R —
37.5 0.2 37.7 0.35 4.1 42.2
9
1-20 . 1-30 SH 183 Belt Line 1-835
. GP | | | ; |
4
Elev
(Hg:- ) HOV (2+) e = = e e
39.0 0.5 39.5 0.35 0.9 40.8
10
I-20 1-30 SH 183 Belt Line 1-635
cop GP —— .' ; |
+
Elev
(Hgf-) HOV (2+) e s T ey
40.3 1.9 42.2 ﬂ— 0.35 2.1 44.7
11
I~20 1-30 SH 183 Belt Line 1-835
GP Pt | Pt
G-P
+
(H;}) HOV (3+) = S = —
36.5 0.5 37.0 0.35 13.6 51.0
12
1-20 1-30 SH 183 Belt Line I-635
poome GP i . .' I ; |
G-P
+ R R
HOY. HOV (3+) e ————
R - —— S S - S —- N - O - S — SR - W - S-—— S S-S~ SN —— IO NS - S ——— S ... S

LEGEND

wmm—— Flevated Express
— At—Grade GP + » = » Flevated HOV
-—— —— At—Grade Express R -~ Reversible

e e At—Grade HOV B

— Bi~-Directional




Table B-14. Average Annual Costs for SH 183

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
Cost Cost Capital 0 &M Congest Annual
{($mill) ($mill) Cost “Co:-_lltl) (fx?;si'ltl) Cost
($mill) mi ($mill)
1 0.3 0.0 0.3 0.1 55.5 55.9
Tarrant
No County Belt Line MacArthur Loop 12 SH 114 1-35E
Action GP} } ; i f g l
2 15.3 2.6 17.9 0.35 2.4 20.7
Tarrant
coG County Belt Line MacArthur Loop 12 SH 114 I-35E
Mobility GP | i | | | 8 ]
Plan f | I 1 ] 1
¢F 2R 2R 2R 2R 2R
(,,;v) HOVIr = = e e o e o e e o] e e e e o o e e o e h e e e ]
2+ (2+)
3 22.0 7.7 29.7 0.1 0.4 30.2
Tarrant
County 14 Bell Line MacArthur 4 Loop 12 10 SH 114 14 [-35E
(&) GP | : | i % |
13.2 3.9 17.1 0.3 3.2 20.6
4 Tarrant
County Belt Line MacArthur Loop 12 SH 114 {-35E
GP } 10 [ | 10 i : B I
1 1 1 t 1
G-p 2R 2R 2R 2R 2R
o EXP |— | | : | —
15.2 3.2 18.4 0.3 3.2 21.9
5 Tarrant
County Bell Line MacArthur Loop 12 SH 114 1-35E
GP | 10 | | 10 ; ]| 8 |
1
G-P
+ 2R , 2R X 2R 2R , 2R ,
( l%lxe; ) EXP : — ; S —————————— ‘
LEGEND
—_— e Elevated Express
At-Grade GP + = » s Flevated HOV

—— At-Grade Express
e At—Grade HOV

- Reversible
— Bi-Directional

B-25




Table B-14. Average Annual Costs for SH 183 (cont.)

(1990-2015)
Alt. Constr R.O.W. Total Total A
C:)l;t Cost Ca;i:al chcsth! Coé:)g;"St ZnanuaYg
($mil) ($mill) ost ($mill) ($mill) s
6 11.7 2.5 14.2 0.35 4.9 19.5
Tarrant
County Belt Line MacArthur Loop 12 SH 114 I1-35E
GP | |' i { % . I
G~-P
+
HOV, HOV e — o e e e e e = e e e B B
2+ (2+)
————————  —
13.0 1.9 14.9 0.35 4.9 20.2 l
7
Tarrant
County Belt Line MacArthur Loop 12 SH 114 [-35E
GP | ! i ? ! 1'
G-P
+
(gloe:) HOVP.-Z.R...‘-.zR...*.-Z.R..P..EE..*...ZR-..q
2+ (2+)
8 12.9 3.3 16.2 0.35 8.2 24.8
Tarrant
County Belt Line MacArthur Loop 12 SH 114 1-35E
GP | % % i i 5
G-P
+
(3+)
— S - W — T E—
9.7 1.9 11.6 0.35 19.6 31.6
Tarrant
County s Belt Line MacArthur Loop 12 SH 114 I-35E
GP | i i i 1 i
HOV o — = e e e e B
(3+)

LEGEND

A = Elevated Express
- At—Grade GP * = » s Elevated HOV
~— - At-Grade Express R ~ Reversible

e w— At—-Grade HOV B - Bi~Directional

B-26



Table B-15. Average Annual Costs for SH 190

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
(é?ost ) (sCost ) Capital ocfstM C(g;gsi“ Annual
mill mill Cost . . Cost
. 57.4 1.3 58.7 0.1 0.4 59.2
1-635 1-35E DNT Cait Us 75 Blackburn Us 78 1-30
(ror) || P
N 54.7 0.0 54.7 0.1 0.7 55.5
coG
Mobility 1-835 1-35E DNT Coit us 75 Blackburn Us 78 1-30
Plan GP} 8 | 8 | [ ! -] ! 6 | 6 14
All I 1 ! T I ¥ f 1
G-P
DT
56.5 0.0 56.5 0.3 1.4 58.2
3
[-635 1-35E DNT Coit Vs 75 Blackburn us 78 1-30
| 4 : 4 \ 4 | 4 ; 4 i 4 [ S|
GP | ] i T ] 1 I 1
eF 2R 2R 2R 2R 2R 2R
+
0 ) || EXP — : | : = — 2
57.0 0.6 57.6 0.35 1.5 59.5
4 1-835 1-35E DNT Coit us 75 Blsckburn vs 78 1-30
| 8 | 8 | 4 | 4 | 4 | 4 [
GP i T T T I I 1 1
G-P
+ 1R 1R 1R 1R IR
(,,ov') 4 (0 ) S R LT [ U NP
2+ (2+)
LEGEND
T e Elevated Express
At—Grade GP * s ® 1 Ejlevated HOV
— — At—Grade Express R — Reversible
— o At-Grade HOV B -~ Bi-Directional

B-27



Table B-16. Average Annual Costs for Loop 12/Spur 408

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
: 0O &M Congest
($mil) ($mil) et coat oo Hooat
($mill) ($mill) ($mil}) (8mill)
| 0.5 0.0 0.5 0.1 39.8 40.4
c
1-35E SH 183 SH 358 1-30 Spur 408 1-20 m:ﬁ;&
( No ) GP | 4 | 5 | ; 6 | 4 4 |
Action H T T ) 1 T i
o 8.3 0.3 8.6 0.35 15.2 24.2
C
I~35E SH 183 SH 358 1-30 Spur 408 [-20 Wi:«xi:lt)n
cog GP | 8 | 2 i ; 2 : . |
Mobility : '
Plan iR
6-F HOV p= — & —
e )| (24)
3 16.5 2.1 18.6 0.1 0.4 19.1
[
1-35E SH 183 SH 358 1-30 Spur 408 I-20 Hi:fi?)l;u
I i 10 i 12 12 | 6 i |
( All ) GP f { I i 1 1
G~P
7.2 0.0 7.2 0.3 2.5 10.0
4 (_)amp
1-35E SH 183 SH 358 I-30 Spur 408 I-20 Wisdom
GP ! | 8 | | 8 | [} | ;
f 1 ! T 1 1 1
G~P
2R ! 2R 2R —*
+
()] wer
8.6 0.0 8.6 0.3 0.9 9.8
5 C'amp
I-35E SH 183 SH 356 1~30 Spur 408 I-20 Wisdom
GP | I ] ] 8 ] 4 |
f 1 T i 1 1 1
G-P 2R 2R . 2R | 2R !
( E+ ) EXPI ; T 1 1
xp
LEGEND
E— wommem— Flevated Express
At—-Grade GP + & = & Elevated HOV
— —— At—Grade Express R~ Reversible
— - At-Grade HOV B - Bi-Directional
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Table B-16. Average Annual Costs for Loop 12/Spur 408 (cont.)

(1990-2015)
Alt. Constr R.O.W. Total Total A
Cost Cost Ca(}))i:al 0 & M Congest Ananua‘fg
($mill) ($mill) Cost oot (fOS.ltl) Cost
($mill) ($mill) mi ($mill)
6.0 0.0 6.0 0.35 5.5 11.9
6 Camp
1-35E SH 183 SH 356 1-30 Spur 408 1-20 ‘ Wisdom
GP | : e : s a : |
G:P) HOVp = e = B = 2B g
o (2+)
7.5 0.0 7.5 0.35 5.3 13.2
7 Camp
1-35E SH 183 SH 356 1-30 Spur 408 1-20 Wisdom
GP | : 8 : | | : 4 |
G:P) HOV b= = = — = = e = o = = —
H;f ' (2+)
6.9 0.0 6.9 0.35 2.8 10.1
8 ('?amp
1-35E SH 183 SH 356 1-30 Spur 408 1-20 Wisdom
GP | : . : : e : |
eF 1R 1R IR 1R
Hov, HOVp—=———p = — = —|——— — - ————
3+ (3+)
5.1 0.0 5.1 0.35 14.5 20.0
9 Camp
1-35E SH 183 SH 356 1-30 Spur 408 1-20 Wisdom
ngl;:t GP | i g I } I I 1‘
¢rp 1R IR IR 1R
HOV. HOVp=——— == = = = - ————
3+ (3+)

LEGEND

At—Grade GP

— —— At-Grade Express
== = — At-Grade HOV

mm——— Elevated Express
» = 8 s Elevated HOV

R - Reversible

B — Bi-Directional
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Table B-17. Average Annual Costs for Trini

ty Parkway

B-30

(1990-2015)
Alt. Constr R.O.W. Total Total Avg
Cost Cost Capital chstM Co‘igsiﬂ Annual
($mill) ($mill) (scl;’jh) ($mill) ($mill) (Scx(r))siltl)
1 16.3 0.0 16.3 0.1 15.1 31.5
1-35E WYC Spur 3486 1-30W 1-35E Santa Fe I-45 US 175
) e e e —
2 15.9 0.0 15.9 0.1 15.1 31.1
coG
ll?}l)ilily I1-35E WYC Spur 388 1-30W 1-35E Santa Fe 1-45 US 175
an GP 1 10 10 { 8 | 8 ) 8 | o |
I 1 i i i i ¥ i
All
(#)
3 20.0 1.5 21.5 0.1 1.4 23.0
1-35E WYC Spur 386 1-30% 1-35E Santa Fe I-45 US 175
GP ! | ! 18 ; 16 | 10 i 6 ; 6
( Al ) I 1 ] I i I i i
G-p
14.6 0.0 14.8 0.3 1.4 16.3
4 1-35E  WYC  Spur 368 . 1-30% . 1-35E
GP | ! i I l
Santa Fe I-45 US 175
( (;;p ) EXP | 3R } 4R ; 6R ; 6R : 5R { 3R i 3R ;
Exp
_ ——
16.5 0.3 168 | 03 12 | 18.3
1-35E  WYC  Spur 366 1-30W 1-35E Santa Fe  US 175
GP} 4 | 4 8 | 8 | | | |
¥ 1 1 I i i ¥ 1
3R 4R 5R 4R 3R 2R 2R
EXPf i } % i i i n'
I
8.7 0.0 | 8.7 0.15 02 | 9.1
1-35E B'YC 6B Spur 3668 0 I-30wW 6B 1-35E B Santa Fe [-45 US 175
HOV (2+) 4 : : — 222




APPENDIX C - RECOMMENDED SYSTEM

The recommended alternatives for the Dallas urban area in the year 2015 resulting from the
analyses discussed previously in the final draft report are shown in Figure C-1. This figure also shows
the recommended number of general-purpose lanes, HOV lanes, and express lanes. These
recommendations reflect the least costly improvements that are compatible with adjoining freeway

sections.

The acronyms used in Figure C-1 have the following meanings: 1) H = high-occupancy vehicle

lane(s); 2) X = express lanes; 3) R = reversible; and 4) B = bi-directional (not reversible).

As alluded to in the final draft report, one of the major constraints associated with implementing
freeway improvements is funding limitations. It is recognized that the recommended system outlined
in Figure C-1 is rather ambitious in consideration of the current state (and probable future) of the
economy. This recommended system can, however, be considered as a realistic identification of the
infrastructure improvements required to efficiently meet the peak-hour travel demands in the Dallas

urban area in the year 2015.
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