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CHAPTER 1: SUMMARY OF YEAR 2 RESEARCH

INTRODUCTION

This investigation into the feasibility of underground freight transportation marks an important
point in freight planning and assessment. The growing demands placed on the nation’s highways
by both passenger and freight traffic, coupled with projected increases in trade suggest that the
economics — both public and private — upon which freight transportation is based may be
deteriorating to the point where new approaches to moving freight may become viable. The
work performed in Year 2 of this project, summarized in the following sections, concentrated on
technical design. The Year 3 work plan completed much of the technical design and extended
the research to the question of economic viability.

Focus

The second year report focused on the identification of operational criteria and physical
constrains that now serve as the basis for the conceptual design of the freight pipeline. These
standards reflect the origina statement of needs for this project, which was stated in the first year
report as being:

To transport palletized freight in an efficient, reliable, and environmentally friendly
manner. Thisfreight transportation system must be automated, subterranean, and
economically feasible.

The research team identified priority elements of the freight pipeline concept that required in-
depth analyses in order to determine the feasibility of such afacility. The most important areas
of research were considered to be:

system component design,

freight movement and simulation modeling,

energy analyses,

geologic description of corridor, and

business and economic considerations.

agrwdPE

System Component Design

As part of the ongoing research for the freight pipeline, the researchers established operational
criteria that would guide in the development of conceptual designs for the facility. For the
freight pipeline to serve in its intended capacity, each of the operational criteria below must be
satisfied:

The system will provide an aternate transportation system for moving palletized freight
(48in. x 48in. x 60 in.) between Dallas and Laredo.

The system should be composed of existing, proven technologies.

The proposed system must be automated (driver-1ess).
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The marginal cost of operation must be very competitive with the costs of trucking
freight between the same markets (<$0.10 per tor+ mile).

The system’ s performance must provide a high speed (45 mph +), high capacity
subgtitute for trucking.

The overall system must be environmentally sound.

The system should be subterranean where possible so as to optimize land use and
minimize contention with other transportation modes.

The system must offer 24-hour-per-day service.

Material handling at terminal |ocations should be as automated as possible.

In the second year report, the researched developed specifications that define the functional and
performance criteria that must be satisfied in order for the above goals to be met. These criteria
served as guidelines for subsequent conceptual designs and research methodologies. A
substantial portion of this work was dedicated to the conceptual design of a Main Transport
Mechanism (MTM), which focused on issues related to the propulsion and suspension/running
gear systems, the fuselage, and the MTM structure. The following subsections provide a brief
summary of second-year investigations on these issues.

Propulsion System

As aresult of this study, alinear induction motor was chosen as the propulsion system that,
while less conventional than other systems, will provide benefits such as:

the absence of moving parts (and the elimination of motor wear),

areduced occurrence of electrical breakdown when compared to conventional rotating
motors,

no adhesion is not required for the provision of tractive forces,

more liberal grade restrictions, and

an MTM speed is not limited by motor speed.

MTMs propelled by linear induction motors have the advantage of shifting the generation of
power from a motor that fails to the remaining motors on an MTM train, thereby eliminating the
potential for forced stops within the freight pipeline. Also, MTMs can be slowed or stopped by
converting the potential energy of amoving MTM into electricity, thereby allowing this energy
to be transferred back to the distribution system for reuse.

Suspension/Running Gear System

MTMs must provide aride quality that is comparable to freight traveling by truck at 60 to 70
mph, requiring a reliable and well-designed suspension/running gear system. The researchers
evaluated several running gear systems for reliability, ride quality, and cost; including the:

Mag-lev system,
rubber tire system, and
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steel wheel/sted rail system.

Preliminary investigations indicated that performance and economic criteria could best be met
using stedl wheel/sted! rail running gear. Design issues for a suitable suspension system were
then identified as being:

ride quality,

material durability,

required maintenance,

capital and operating costs, and
compatibility with wheel configuration

The performance of both two-wheel single-axle and four-wheel bogie suspension systems were
evaluated with respect to these criteria to establish a set of considerations and key issues that
should be addressed in preliminary designs. An initial assessment of such issues has identified
the four-wheel bogie suspension system as having substantial promise in future analyses.

Fuselage/Cladding

The fuselage or cladding system must encapsulate and protect the MTM cargo while enhancing
aerodynamic performance of MTMs in transit. This system can be designed to serve asa
structural component of the frame, or it can be designed to only protect cargo and improve
aerodynamic performance. |ssues associated with these aternatives were identified so that an
optimal design can be selected, including:

Using the cladding as part of the structural framework can reduce MTM weight.
L oading/unloading operations may induce fatigue stresses on cladding system.
Structural cladding may limit methods of |oading/unloading cargo.
Nonstructural cladding is easily replaceable.

Structure

The structural frame of the MTMs must withstand all static and dynamic forces to which it is
subjected throughout the design life. A stedl sructure will weigh approximately twice the
weight required for span support in order to minimize deflections, vibrations, and fatigue. Each
MTM will be approximately 30 ft long and subject to the following loads:

distributed live load of 500 Ib/ft,
frame weight of 1000 Ib, and
propulsion and control system weight of 2000 Ib.

Using these loading conditions, the frame of a fully loaded MTM will be required to resist a
maximum bending moment of 60 k-ft. However, the design moment should be approximately
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120 k-ft (twice the maximum bending moment) in order to provide the strength required to limit
deflection, vibration, and fatigue.

Freight Movement and Simulation M odeling

The feasibility of afreight pipeline will depend upon the system’s capacity to move cargo
through the conduit in away that provides the timely delivery of MTMs and minimizes the
power required for their movement. Therefore, much of the second year report focused on an
aerodynamic analysis of MTMs and on the ssmulation modeling of system operations.

Aerodynamic Analysis

The researchers performed a study to minimize drag on the MTMs during transport through the
freight pipeline for the purpose of minimizing energy expenditures. This investigation showed
that aerodynamic drag minimization is primarily associated with areduction in skin friction and
pressure drag. Consequently, computational tools were used to perform an aerodynamic analysis
of MTM configurations that would minimize these parameters. The study produced the
following recommendations to minimize drag:

Use a continuous MTM configuration with the surface of the separate MTMs blended.
Use arectangular MTM (in cross section) with curvature in profile. A suitable low-drag
profile is formed from two circular arcs joined by aflat section.

Blockage ratios (b) should be kept below 0.3.

Clearance between the upper surface of the MTM and the tunnel roof should be greater
than 3 ft.

Clearance between the tunnel sidewall and the train should be greater than 3 ft.

Simulation M odeling

In addition to aerodynamic performance, the freight pipeline must be evaluated by criteria such
as transportation time, system reliability, and system capacity. Part of the second year report
focused on the analysis of these features by modeling freight pipeline operations using Arena (a
simulation software). The system was modeled as separate northbound and southbound
pathways that link directly to the Dallas and Laredo terminals, based on initial assumptions of
the following:

Each MTM car can transport six standard pallets
MTMswill travel as a set of five linked cars.
MTMs travel at a speed of 60 mph

A set of fivelinked cars are |loaded in 30 seconds
All MTMs areinitialy located in MTM storage.

In this preliminary model, the researchers obtained results for average length and time of MTM
gueues, and average lengths of time in the system, by assuming a time-dependent arrival rate
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function. Thiswork served as the base model for more detailed analyses that were carried out in
the third year report.

Energy Analyses

By selecting alinear induction propulsion system, the freight pipeline is committed to operating
on electrical energy. An interruption in the delivery of eectricity would prevent the system from
operating and, as a result, reduce the reliability of the system. Considering events such as the
recent deregulation of the electric utility industry and the California power shortages of 2001,
electrical power deliverability was identified as an important area of investigation. Furthermore,
this study needed to consider the electricity demands of the freight pipeline in order to offer any
conclusions on the feasibility of an electrical powered propulsion system.

An inventory was prepared on the electrical generation capacity of power plartsin Texas,
including those that have been built, those that are currently being constructed, and those that are
currently being planned. The findings are as follows:

Power plants built since 1995 produce atotal of 8,652 MW.
Power plants being built will produce atotal of 12,745 MW.
Power plants that are currently being planned would produce 16,385 MW.

Also, the researchers performed a study to determine the amount of energy consumed by MTMs
during operations. The simulation model’ s freight transportation data were applied to the
resulting energy equations so that a peak energy demand could be forecasted. Based on this
approach, the freight pipeline will require a peak demand of no more than 5 MW, which is 0.039
percent of the generating capacity of power plants currently being built.

Geologic Description of Corridor

As mentioned in the statement of goals, the freight pipeline is being planned as a subterranean
facility, suggesting that considerable earthwork will be required throughout the 450- mile
corridor. Variationsin geology from Laredo to Dallas were anticipated to be substantial, so part
of the second year report is comprised of a preliminary investigation into the physical
characteristics that should be considered during planning and design of the pipeline. The
geologic report is comprised of technical descriptions and rankings (by county) of the following
categories:

hydrologic factors: climate, water table depth, and aquifer locations and recharge zones
topographic factors: slope, slope continuity, landform type, and landform characteristics
geologic factors: stratigraphic uniformity, slope stability, permeability, shrink-swell
potential, and structural uniformity; and

soil parameters: pH, thickness, uniformity, shrink-swell potential, stability, and
accessibility.
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In addition to the above information, geologic descriptions of aquifers and formations that exist
within the pipeline corridor were included. The research team prepared all of this information to
provide a reasonable understanding of existing conditions, and to identify specific geologic
issues that warrant further investigation.

Business and Economic Consider ations

A systematic approach to the technical feasibility of afreight pipeline must be accompanied by a
consideration for how this system can actually be integrated into current business operations.
The second year report researched this aspect of the project by identifying the needs of the
public, the Texas Department of Transportation (TxDOT), shippers, and the freight industry.
This effort resulted in two important criteria by which the feasibility of the pipeline should be
evauated; namely, the pipeline should operate at atarget speed of 60 mph and should operate
within a cost structure that justifies a user fee of less than $0.10 per torrmile.

Operating speeds of at least 60 mph and user fees of no more than $0.10 per ton-mile, which
have been incorporated into the pipeline model, primarily address the needs of the freight
industry. However, the freight pipeline must also be of substantial benefit to the public if this
project isto be implemented. This study has determined that reductions in the following
parameters should be recognized as having value to the public and to TxDOT:

air pollution

noise pollution,

highway congestion,
driving time,

automobile accidents and
highway lane construction

The second year report has established a framework for the economic evaluation of these factors
using benefit/cost analysis. This analysis compares all costs, suchas construction and operating
costs, to the net benefits received through the project’ s implementation. The results of this work
are included as part of the third year report.

YEAR 3 RESEARCH AGENDA

The work plan for FY 2002 continued the approach established in prior years by seeking a design
and operational strategy that produces a freight movement system that wins for each stakeholder
group — Texas citizens, TXDOT, shippers, and the existing freight transportation industry. The
work plan moved the evaluation toward an economic assessment that established, based on the
scenario tested, whether underground freight movement is of sufficient a transportation value to
warrant the significant investment necessary to see it to fruition.

The FY 2002 work plan undertakes an examination of several policy issues affecting the viability
of underground freight movement. Among these issues is the potential role of the public sector
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relative to that of private sector users or beneficiaries. The operational model options for the
freight pipeline, which are related to the business model discussed in this report, are studied with
particular attention to management and control issues.

Task 1 —Finalize Technical Specifications

Sub-task 1.1 — Finalize the Technical Parameters for the Main Transport Mechanism

The final technical design for the MTM will be undertaken in this task to allow for estimations of
performance, weight, and cost. Severa design issues remain challenging, among them being the
approach taken to fastening the outer skin to the MTM in a manner that alows opening and
closing.

Qub-task 1.2 — Finalize the Technical Parameters for the Conduit

The technical design parameters for the conduit relate primarily to final dimensions, reinforcing
requirements, prefabrication approaches, weight, and construction techniques. The research
team will consider the need for a built-in guide way, but will leave detailed designs to those
charged with building the system.

Qub-task 1.3 — Finalize the Technical Parameters for the Communications, Command, and
Control System

The communications, command, and control system will be approached functionaly —the
specific functions and interactions with other system elements will be defined at alevel of detail
sufficient to define system scope. The evauation of the resulting system relative to cost will
likely be by comparing it to an already existing, similar system.

Task 2 —Finalize BusinessModel Options

Sub-task 2.1 — Finalize Business Relationship with Freight Industry

The interaction of the freight pipeline with existing trucking and rail operations will be detailed
in this sub-task with an emphasis on determining the roles, responsibilities, and opportunities for
each participating party.

Qub-task 2.2 — Define Terminal Owner ship/Leasing Options

The efficient operation of the freight pipeline terminasis key to establishing material throughput
sufficient enough to warrant construction of the system. The ownership and operational
arrangement for the terminal is central to effective material handling and business coordination.
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In this sub-task researchers will examine options and define the optimal arrangement for terminal
ownership.

Task 3 — Finalize Economic Evaluation Framework

Qub-task 3.1 — Finalize the Economic Evaluation Framework

The form of the economic evaluation framework will be defined in this sub-task to alow the
comparison of traditional highway options with the freight pipeline system. The prior work in
the area has suggested that the analysis should focus on two related elements — capital costs per
unit of freight moved and the margina costs of operation, or user costs. The framework will
establish the elements that will be compared between the alternative approaches and the metrics
to be employed.

Sub-task 3.2 — Continue Data Collection for Cost Analysis

The economic evaluation of the freight pipeline system requires cost data from awide variety of
sources. These sources range from component and construction costs for the freight pipeline to
construction and maintenance costs for highways. Included, too, are social costs such as
transportation safety, emissions, and land use. The cataloging of these data is essential to afull
and accurate appraisa of the economics of transportation alternatives.

Task 4 — Continue Capacity Simulation Modeling

Task 4 will be a continuation of the capacity simulation modeling initiated in Year 2. The model
will alow the research team to assess the infrastructure and performance needs of the systems
put in place to effect the transfer of goods through the underground system. The model will
include aterminal design component to address the parameters determining terminal size, layout,
and functionality.

Task 5—Terminal Design

Sub-task 5.1 — Develop Preliminary Design for Material Handling System

Based in part on inputs from Task 4, in this sub-task the researchers will work toward a design of
the material handling needs and requirements of the terminal. The sub-task may require direct
input from firms dedicated to the development of similar systems, and research plans will be
adjusted according to the requirements of this circumstance.

Sub-task 5.2 — Develop Preliminary Design for Temporary Siorage System

The freight pipeline system is evolving into a first-in/first-out system with little provision for
storage of material on-site. The reality of transportation logistics, however, suggests that some

Texas Transportation Institute 8 Multimodal Freight Transportation Programs



provision will have to be made to temporarily hold material. The simulation in Task 4 will assist
in defining the quantity of material falling into this category, and terminal layout requirements
will guide where temporary storage is best located.

Sub-task 5.3 — Establish Need for Intermediate Terminals

In sub-task 5.3 the researchers will establish, based in part on interviews with trucking interests,
whether intermediate terminals are required to accomplish the mission of the freight pipeline
system.

ub-task 5.4 — Define Ste Requirements

The location of the terminal and the amount of property required at the terminal site will be
evaluated in this task based on input from preceding tasks.

Task 6 — Continue Policy Analysis

Sub-task 6.1 — Continue Evaluation of Financing Options and Possible Funding Mechanisms

The process of financing a major capital project is complex at best. The potential magnitude of
investment required for this system in conjunction with the innovative nature of the
infrastructure may introduce additional considerations that must be fully understood as
operational parameters are established. A review of comparable projects will be continued to
gain an understanding of the broad requirements and approaches attempted in other efforts. The
information gained will help establish the recommended approach to system implementation.

Sub-task 6.2 — Begin an Assessment of the Role for TXDOT in Freight Pipeline Construction,
Operations, and Maintenance

In this sub-task the researchers will initiate an evaluation of the potential role of the Department
in system design and construction, operations, and maintenance.

Sub-task 6.3 — Initiate an Assessment of the Roles for the USDOT in Future Freight Pipeline
Activities

In this sub-task researchers will initiate an assessment of the roles that the USDOT could fill in
freight pipeline planning, financing, or operations.

Sub-task 6.4 — Begin a Sudy of the Options Available for Freight Pipeline Management

The freight pipeline will require a managing body or board of directors that will assume
responsibility for the operationof the system over time as well as on a day-by-day basis. The
possibilities for the form of this managing body range from a port authority model to a corporate
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model with executive management. In this sub-task the researchers will evaluate the range of
possibilities for an effective management structure and report on the pros and cons of each
option.

Sub-task 6.5 — Initiate an Evaluation of Labor |ssues Relative to the Freight Pipeline

In sub-task 6.5 the researchers will initiate an assessment of the labor issues that may affect
facets of the system. The issues range from construction to operation, and they may impact
decisions regarding management structure and ownership decisions.

Sub-task 6.6 — Continue to Evaluate | ssues Associated with Right-of-Way Acquisition

The use of existing, publicly owned right of way to construct a freight pipeline could improve
the feasibility of the project by reducing cost and contention with private concerns. In this sub-
task the researchers will continue the collection of information concerning the possibility of
system placement in publicly owned corridors as well asin new or planned rights of way. They
will aso explore the issue of acquisition of property through eminent domain versus obtaining an
easement.

Sub-task 6.7 — Investigate Issues Associated with Crossing Existing Pipeline System

Texas is home to an extensive pipeline network dedicated to transporting petrochemicals and
natural gas. These underground systems will be affected by the need to construct the freight
pipeline across pipeline rights of way. The research team has estimated that a Dallas to Laredo
underground system may impact approximately 100 gas and petrochemical pipelines. In this
sub-task the researchers will continue the assessment of the policy and cost ramifications of this
issue.
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CHAPTER 2: CONCEPT DEVELOPMENT

INTRODUCTION

The feasibility study of an innovative facility such as the freight pipeline requires the
examination of all available technology that can be incorporated into its design. Consequently,
the formulation of a conceptual design for the freight pipeline has involved investigation into the
cost and capability of some very basic performance features, such as:

coordination of facility operations,

transfer and inspection of palletized freight,
control of MTM operations, and

reliability of MTMs.

A reasonable understanding of project feasibility must begin with a design concept that includes
conceptual configurations, amounts of equipment, tasks to be performed, etc. With thisin mind,
the research presented herein has been focused on developing arealistic conceptual design of the
freight pipeline that, if shown to be feasible, can provide the basis for continued work toward a
preliminary design. Figure 2.1 illustrates the scope of this conceptual design with respect to the
progression toward a completed facility.

Conceptual Design
«Functions
«Capabilities
*Analogies
*Business/Policy | ssues
*Operational Procedures

Preliminary Design
*Route Selection
*Facility Layout
*Systems Design
*Site Investigations

v

Detailed Design

*Geometric Profiles

*Ar chitectural Plans
«Computer Programming
«Construction Specifications

\ 4

\ 4

Construction

Figure 2.1. Sequence of Project Development for the Freight Pipeline.

As a component of the process outlined in Figure 2.1, initia investigations into the terminal
material handling system, the MTM design, and the command, control, and communication
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system have been conducted as part of the third year work. Investigations into these more
technical aspects of the freight pipeline are discussed within the sections that follow.

TERMINAL DESIGN AND MATERIAL HANDLING CONSIDERATIONS

I ntroduction

The two previous research reports on the freight pipeline (1519-1 and 1519-2) identified termind
design and layout as critical to the functioning of the overall system. The terminals (whether
there are two or more) will define the form and scope of system operations, system throughput,
and, in a practical sense, customer interactions with the freight pipeline. This section of the
report will address several significant aspects of terminal design and material handling and
attempt to identify additional design considerations to be attuned to in the final year’s work plan.

One major challenge of freight pipeline design has been how to overcome the requirement for
trans-1oading material from trucks to the freight pipeline and then back again. Normally,
handling material more than is absolutely necessary is avoided due to the added time and
expense. Additiona handling would, under normal circumstances, drive costs above the thin
profit margins associated with freight transportation — clearly afatal business practice. The
selection of pallets as the unit of freight to be moved by the system necessarily requires what has
traditionally been atime consuming and labor-intensive process — extracting from the truck
trailer 30 or more pallets, one at atime, by forklift. In order for this trans-loading requirement to
pose a reasonable investment in time and effort (and thus, money), the research team has relied
on four related considerations:

1. afreight system operating beyond the distance a driver can normally operate in a 10-hour
shift,

2. improved productivity — return loads and lower unit costs,

3. automated terminal design, and

4. trans-border shipment.

Sufficient Distance

The first consideration is afreight conveyance operating over sufficient distance to allow the
extra investment in trans- loading to be recaptured. The normal distance over which a truck
driver may operate in aday is generally considered to be in the 400- to 500-mile range. The
freight pipeline must operate at distances over this range to allow consideration of additional
material handling.

Improved Productivity

The second consideration, as discussed in the report material focusing on the system’s business
model, is that the freight pipeline operates as an extension of the trucking company and provides,
simultaneously, a return load for the off- loading truck and completion of the original trip at arate
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lower than that possible in over-the-road transport. In this way, the investment in additional
handling is offset by both alower cost for the leg completed by the freight pipeline and by an
expeditious return load, which effectively doubles the productivity of the truck — at least for that
portion of the trip matched by the freight pipeline.

Automation

The third factor that the research team included in the terminal design to mitigate the added cost
of material handling is automation. It is envisioned that the freight pipeline will rely on
automated conveyors, lifts, and robotics to assist in the challenge of moving pallets to and from
the transport mechanisms. The automated systems will extend from the loading/unloading
docks, through the inspection stations, and to the staging areas.

Trans-border Shipments

The fourth consideration that mitigates the cost associated with additional material handling is
the potential time savings benefit of a freight system that moves material in a seamless and
secure manner from the interior of one country to the interior of another. If the freight pipeline
was to extend from aterminal in North Texas to atermina in Monterey, Mexico, and inspections
and pre-clearance were undertaken prior to shipment, then dramatic time savings could be
achieved and the trans-shipment taking place at the terminal ends would merely replace the
tedious handling that currently takes place at the border.

The combination of these factors should offset the cost imposed by additional handling. When
these factors are coupled with the savings that result from reduced wear on equipment, reduced
delays from traffic and weather, and driver unreliability, trans-loading becomes a means to a
desirable end. Therefore, the design of the terminal is critically important to the successful
operationof the overall system.

Among the topics to be addressed in this section are:

physical layout of terminals,

areas of private ownership,

inspection and clearance stations,

security,

equipment needs for automated handling of pallets,
highway connections,

driver rest areas, and

railroad interface.

Physical Layout of Terminals

The physical layout of the terminals is critical to achieving cost-effective movement of material
through the system. The flow of goods must be maintained at a rate sufficient to avoid backlogs
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and achieve economic advantage for the customer. The terminal is the point at which key
elements in the freight transportation logistics chain interface and achieve the goals intended for
the system — the shifting of truck traffic from highways to an alternative system. The system
elements that interface and operate in concert at the terminal include the:

highway system and freight pipeline system,
truck and parking facility,

truck and loading/unloading facility,

truck driver and terminal operating staff,
truck driver and rest facilities,

terminal operating staff and freight pipeline inspectors,
pallets and forklift,

forklift and conveyor system,

pallets and conveyor system,

pallets and inspection staff, and

paletsand MTMs.

In support of the various interfaces listed above, the researchers envision that the terminal will be
composed of eight distinct areas, each with a specialized function. Figure 2.2 shows the
conceptua physical layout of afreight pipeline terminal with the 8 principal areas keyed at the
top. These terminal areas are discussed in sequence in the paragraphs that follow.
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Figure2.2. Conceptual Layout of Freight Pipeline Terminal.
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1- Connector Roadways

Asshown in Figure 2.2, the terminal layout comprises eight distinct functional areas. Arealis
the connector roadway system that must be put into place to support the ingress and egress of
truck traffic. The connector roadway should be designed to support traffic loads of 80,000 Ib, 5-
axle vehicles. The annual traffic counts across these facilities may exceed 500,000 trucks and
thus require engineering sufficient to withstand the extreme loads that result. In addition, the
connector facilities will require sufficient width and turning radii to accommodate large vehicles.

2-Parking Facilities

Area 2 depicted in Figure 2.2 is the parking facility for vehicles not actively loading or
unloading. The amount of parking required will be afunction of the projected traffic loading of
the facility and has been included in the cost estimates for the terminal covered in Chapter 4 of
this report. Design considerations for this facility include: (1) sufficient additional space to
accommodate peaks in traffic arriving at the terminal, (2) pavement thickness sufficient to
withstand the expected loads, (3) adequate space to alow safe maneuvering, and (4) rest
facilities for drivers.

3-Loading/Unloading Zone

Trucks will have to interface with the terminal building to affect the transfer of material on or off
of the truck. The specific design of the loading/unloading facility will be important to the
throughput of the system, and there are innovations occurring in this facet of freight
transportation. However, at this time, the standard American approach to loading 54-ft trailersis
for the driver to back the tractor and trailer into place, “bumping” the dock, which is at the same
height as the trailer, with the end of the trailer. Forklifts are then used to manually extract
pallets, one at atime, from the interior of the trailer. The pallets are thus moved to alocation
within the company’s leased terminal space (Area 4) and prepared for transfer to the MTM -
loading facility via conveyor systems.

4-Private Terminal Space

The business model for the freight pipeline (addressed in Chapter 3 of the Y ear 2 report)
identified opportunities for public-private cooperation. The researchers suggested that a
potentialy effective approach to freight pipeline operations could be found in providing private
carriers the opportunity to lease terminal space that would be used by the private carrier to
dispatch and receive material to and from the freight pipeline. These leased areas would be
staffed by employees of the leasing company, who would deal with its own loading or unloading
of trucks. The organization and efficiency of this operation would be |eft entirely to the
discretion of the leasing company with the exception of key procedural requirements such as
tagging pallets in the prescribed fashion with the prescribed devices and interacting with the
communications and control systems so that loads are prepared and scheduled for shipping in the
appropriate fashion.
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The amount of space leased to each carrier and the specific functions performed within the
confines of this proprietary space have not been addressed in detail in this evaluation since the
primary purpose for the area under discussion is the receipt and dispatching of material from
over-the-road transports. The detail of what arrangement would work best will be left for a
subsequent analysis. It should suffice within this assessment to determine what material
handling activities are required at a minimum to deliver palletsto the MTM and, conversely
upon receipt, to deliver material to waiting trucks. Asacase in point, the use of the facility as a
sorting and distribution point seems to the research staff to be a misuse of the system. Rather,
given that the freight pipeline has been construed as an extension of the freight carrier’s
activities, truckload operations where the contiguous load remains together appears to make
more sense. In this manner, a full truckload of pallets arrives at the terminal, is tagged,
inspected, and loaded to an awaiting MTM for transfer. The relatively ssmpler operations might
thus require less in terms of space and personnel.

5-Inspection Area

The research team envisions two kinds of inspections depending on where the freight pipeline
terminates. For strictly domestic shipments, freight pipeline operations would require inspection
for load conformity and inspection for security. The inspection for load conformity would
include:

a check for acceptable goods or commodity type (hazardous materials should not be
accepted),

completeness of bill-of-lading,

a check for weight conformity (pallets exceeding a maximum alowable), and

acheck for size and shape conformity (pallets exceeding a maximum allowable height,
pallets off center, or pallets with material extending over the edge beyond an alowable
limit).

The freight pipeline ingpection area should contain as much support automation as possible to
speed the process along and increase the accuracy of the measurements. The weight, shape, and
height assessment should be undertaken by instrumented machines employing lasers, among
other systems, while the check for completeness of paperwork should be accomplished at the
time of load submission by the C3 system.

The security inspection would include checks for material endangering personnel or the freight
pipeline system itself. The equipment that could be employed in this capacity would include
many of the types of systems being used today at borders or airports to screen for explosive
devices or other harmful materials. These systems could include gammaray or x-ray systems,
olfactory sniffing systems, or spectral analyzers.

For those shipments exiting the borders of the US, an additional set of inspection issues arise.
The federal government, under the auspices of severa agencies, currently performs an array of
inspections. The agencies involved include:

Customs,
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The US Department of Agriculture (USDA), and
The Drug Enforcement Administration (DEA).

The reason for the inspections carried out at US bordersis self evident — there are restrictions on
the type and quantity of goods that can be imported (legally or otherwise), and the federal
government is charged with establishing the system that offers maximum enforcement of those
provisions. The freight pipelineg, if it was extended into Mexico and the border effectively
moved to the terminal ends of the system, could be established as a zone where pre-clearance of
material was accomplished by the responsible agencies. This approach would remove the border
as amajor impediment to trade and dramatically reduce the congestion at international gateways.

6-Pallet Saging Area

Following inspection, the pallet load would be transported via conveyor to the staging area
where it would await movement to the MTM loading area. The pallet staging areais seen asa
temporary storage zone that would provide the physical space necessary to absorb any loads
queuing for the loading facility.

7-MTM Loading/Unloading Area

The design and layout of the MTM loading areais centra to the throughput of the freight
pipeline. The capacity simulations undertaken in this research have suggested that two such
loading and two unloading locations will be required to achieve the maximum daily throughput
of approximately 3,000 truckloads per day. The design of the loading facility and its seamless
interaction with the MTM is paramount to achieving target levels. The loading system has been
described as a series of robotic forklifts that load (or unload) an entire MTM in one, continuous
motion requiring approximately 30 seconds from beginning to end. Thus, this portion of the
terminal, highly automated and choreographed to achieve rapid movement of material from the
staging area to the loading dock, will require significant design attention.

The concept design for the loading facility calls for the alignment, via conveyor system, of a
pallet load in precise correspondence to the pallet bays of an MTM, which isalso staged in a
linear arrangement. The aerodynamic covering of the MTM will be retracted as it sitsin place
by lifting one-half of a hinged, lid-type mechanism. The hinge system will be located on the top
of the MTM and run the length of the MTM with the exception of the nose and tail cones. A
series of 30 robotic forklifts will then lift and place al 30 pallets into the MTM in one
continuous motion. The forklifts will set the pallets into place and retract, allowing the lid to the
MTM to shut and latch.

Railroad Interface

Terminal design is not complete until the interface with freight railroads is included. The
research team believes that railroads, which are a central element in the freight transportation
mix, can benefit from freight pipeline operations by becoming the recipient of freight that would
otherwise travel by truck in Mexico and likely continue with the trucking mode uponentry into
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the US. By employing the freight pipeline as a conduit to a Northern terminus in Dallas, the
railroads could benefit directly, and the public sector indirectly, by shifting what is normally
highway-destined material off of over-used facilities to railroads.

Three components suggest that the above proposal is feasible and worth pursuing. First, by
significantly reducing the transit time from Mexico to an inland location (Dallas), the service
time competitiveness of rail is enhanced to a point where it becomes attractive for a subset of
shipments that were previously not amenable to transport by rail. Second, moving material away
from congested border regions where the focus is on intermodal movements, frees resources —
both infrastructure and rolling stock — for other uses. Third, the technical requirements that may
be associated with aterminal design dedicated to converting pallets to containers and then
double-stacking containers on arailcar are well within the reach of designers and engineers. The
fact that destination-specific shipments would require consolidation is a detail that could be
handled by moving the initial intermodal train to another rail facility for final assembly. The
fourth year research plan will address in greater detail the design parameters of the freight
pipeline termina relative to the needs of rail.

COMMAND, CONTROL, AND COMMUNICATION SUBSYSTEM

Command, control, and communications refer to an automated system that is designed to control
complex interactions among individual elements of alarger system configuration. The scope of
this research does not include the design of a working control system but rather is to establish the
requirements necessary for development of a system design that will control operations within
the freight pipeline and thereby provide a preliminary cost estimate.

The C3 system serves as the overall control grid for the freight pipeline. Composed of several
major subsystems, no single subsystem will correctly operate without proper commands and
proper interaction between the other components. Basic functions of this system have been
identified that represent the necessary actions required for the levels of service and reliability that
are required for this project. These functions fall into three major function areas as shown

below:

terminal functions:
o direct trucks/railcars to the proper loading bay,
o direct each pallet through the pipeline, and
o0 monitor pallet movement through the pipeline.
MTM functions:
o direct loading/unloading of MTMs,
o control terminal arrivals/departures of MTMs and
o control speed and spacing of MTMs and
power functions:
o control power distribution through the pipeline.

The following section describes the technical characteristics of the C3 system developed for this
research project.
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Technical Characteristics of the C3 Subsystem

The control system necessary for freight pipeline operations requires a complex communication
system that extends between several major subsystems over alarge geographic area. A
conceptua interface of the subsystemsin this C3 network is represented in Figure 2.3. As
shown, the C3 system has atwo-way interaction with al systems except the tunnel/underground
system, with which it has no interface. Instead, the power generation and transmission system
has a one-way interaction with the tunnel/underground structure.

C3 System
Power Generation WHMH MTM/Propulsion System
and Transmission

Transmission Tunnel/Underground

only Structure

Figure 2.3. Preliminary Interface Diagram.

Once the complex operations and interactions of the C3 system were understood, several
additional conceptual design issues were identified that are critical to the development of a
control system capable of operating the freight pipeline system, including:

ahigh level of reliability,

several major subsystems operating simultaneously,
subsystem interacting with each other,

each subsystem highly complex in operations,

safety of people and goodsis a high priority,

capable to expand for future operational development,
compatible with other types of control systems, and
requires real-time actions.

For the system to maximize rea-time operations while minimizing system requirements, the
freight pipeline control system must also have the following technical characteristics:

hierarchical and functional decomposition,
decentralized and distributed control,
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local autonomy and event-based communication and
friendly interface for human oversight

These characteristics are similar to those discussed in a paper by Verbraeck, who examines the
controlling logic required for a prototype underground freight system in The Netherlands. The
resultsof Verbraeck’s work form the basis for the control system conceptual designsin this
research (1). The following sections examine these technical functions.

Hierarchical and Functional Decomposition

Development of a control system that is hierarchical and decomposes system functions will
reduce the overall complexity of the system. Functional decomposition creates a system of
functional subsystems, which, for the freight pipeline, are already defined as the main transport
mechanism, conduit, warehouse, C3, and power subsystems. Each subsystem operates under a
clear set of functional responsibilities.

Dividing mgor command decisions into hierarchical layers develops larger and less complex
subdecisions modules. The top layers have higher levels of power and send the control
commands to the lower levels with activities of the lower levels communicated back to these
higher levels. Figure 2.4 provides a simple display of the control traveling from the higher levels
to the lower levels and the information traveling from the lower levels to the higher levels.
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Figure 2.4. Control System Communication Flow.

Decentralized and Distributed Control

Relegating the major control functions to the subsystems removes the need for a central system
control and makes each subsystem responsible for its own activities. This design also makes the
system very scalable for future increased activity levels or increased expansion of the freight
pipeline system. The distributed control alows for interconnection between the various
subsystems located over alarge area, including multiple terminals and extended corridor length.

Texas Transportation Institute 20 Multimodal Freight Transportation Programs



Local Autonomy and Event-Based Communication

With each subsystem responsible for its own activities, the need for external control is greatly
reduced. Local autonomy also allows each subsystem to continue functioning if one component
of the system breaks down or is shut down. With a central controller, the whole system would
likely shut down in that scenario.

Perhaps the most important aspect related to local autonomy is the reduction in communication
by removing the need for each subsystem to communicate with a central controller. Local
control also minimizes communication between subsystems because it occurs only when
required. This event-based communication takes place in rea-time and only occurs when
required, which greatly reduces communication loading within the entire system.

Friendly Interface for Human Oversight

Although the control system is highly automated, the need for human monitoring and
intervention exists. A central monitoring center with a user-friendly interface provides a means
to view system conditions and performance levels and to make adjustments if needed. Scenarios
are likely to exist where human intervention is necessary to override control system operations,
either for a particular subsystem or for the entire freight pipeline system. These scenarios may
include ordinary situations such as maintenance or severe situations such as a break down within
the system.

Economic Evaluation of C3 Subsystem

The C3 subsystem represents a highly sophisticated system made up of many components over a
large geographic area. In order to analyze the cost associated with such a system, the ability to
evaluate each component of the system would occur in afina design stage. In this research, the
cost is estimated by analogy to other types of major control system applications that include:

train control,

automated warehouse material handling,
missile guidance,

automated guided vehicles,

air traffic control,

missile defense, and

automated production lines.

The following represents selected control system applications and projects chosen for the capital

cost estimate of the C3 system. The economic evaluation of the C3 subsystem uses these
examples to calculate the capital cost for this system. This analysis transpires in Chapter 4.
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High-Speed Rail — Texas TGV

The Texas TGV Consortium franchise application submitted in 1991 provides insightful cost
estimates of the train control and communication systems, designated as the Signaling,
Communication, and Control (SCC) subsystems in the application (2).

The four-phased Texas TGV network included three high-speed segments between location pairs
D/FW Airport-Houston, San Antonio-Navarro Junction, and San Marcos Junction to Hockley
Junction and one commuter rail segment between D/FW Airport and Fort Worth. The commuter
rail segment was examined at a concept level for cost estimation but would be constructed by
local and regional planning agencies. Table 2.1 displays the different unit costs per technology
considered in the Texas TGV project.

Table 2.1. 1990 Unit Cost of Signaling, Communications, and Control Subsystems.

Technology Unit Cost
High-Speed Rail (HSR) $600,000/mi
Commuter Rail (CR) $300,000/mi

Source: Texas TGV Consortium (2).

High-speed rail similarities to this project include the following:

Advanced train control systems used for high-speed rail require continuous monitoring of
train sets, providing guidance to the train operator and also automatically controlling
speeds if necessary.

Power is monitored along the route.

High-speed rail differences to this project include:

human control of train operations with automated override actions, and
extensive communication infrastructure.

Air Traffic Control System

Air traffic control (ATC) systems represent another highly complex control system. Monitoring
and controlling the actions of alarge fleet of airplanes, both in the air and at the terminals,
represents arobust system designed for both efficient operations and safety.

Air traffic control similarities to this project include:
sophisticated monitoring and control systems; and
interconnections between:

0 airplane systems,
0 airport systems, and
o air traffic control.

Differences between this project and air traffic control systems include:

Texas Transportation Institute 22 Multimodal Freight Transportation Programs



higher complexity on spacing between aircraft (three-dimensional), and
high dependence on human control.

In examining the implementation of ATC systems around the world, two examples provided
adequate information for this purpose. Both cases involve the incorporation of systems
developed by the Raytheon Company.

Air Traffic Management and Radar Systems — Abu Dhabi and Al Ain Airports: The $30
million contract for the implementation of the system includes Raytheon’s AutoTrac |1
air traffic management automation system for both airports, several radar systems,
communication systems, and support (3).

Very Advanced Air Traffic Control Automation System (VATCAS) — Germany:
Raytheon’s cortract in excess of $20 million with Deutsche Flugsicherung GmbH (DFS)
will manage the growing air traffic levels and provide the transition to a higher level
system (4).

Military Control System Applications

The military offers a wide range of logic control systems that correlate to the freight pipeline
system. Some of the applications are narrow in scope and location, while other relate to broad
implementation over alarge area. Military control applications described from contracts
awarded for specific projects include:

Navy contract for a contract maximum order limitation of $98.1 million to install an
integrated command, control, communications, computers and intelligence (C4l) suite
into new construction ships and to update and modernize ships of the active fleet (5);

Army contract for a potential maximum $300 million for a wide range of command,
control, communications, computer, information, intelligence, surveillance and
reconnaissance (C412SR) systems for North American Aerospace Defense Command
(NORAD), United States Space Command (US SPACE COM), and Air Force Space
Command (AF SPC) (6);

Army contract of $59.1 million for the missile defense C3 system integration in the Royal
Saudi Arabian Air Force (7);

Navy contract of $82.3 million to BAE Systems for production, lifetime support
engineering, and in-service engineering for radio communication systems (RCS) and C4l
systems aboard Navy surface combatants, submarines, and at associated shore sites (8);
and

Marine Corps contract worth a potential maximum of $160 million to Raytheon
Company for the next generation Common Aviation Command and Control System
(CAC29) (9).
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Automated Warehouse Material Handling Systems

In an effort to increase productivity and remain competitive many companies are turning to
automated material handling systems for distribution, manufacturing, and warehouse
applications. One company that designs and implements automated material handling systemsis
AGV Products, Inc. Theclientele list of AGV Products, Inc. includes companies such as the
New York Times, John Deere, US Postal Service, Home Depot, and Proctor and Gamble (10).

In describing the cost of an automated material handling system of palletized freight, one AGV
representative defines the industry “rule of thumb” as $100,000 for the engineering, installation,
and the control computer system (11). The level of intelligence required by the system correlates
to the final system price, with highly sophisticated systems reaching into the millions of dollars.

Similarities to the freight pipeline system include:

automated handling of palletized freight,
precision movements, and
complicated control and communication systems.

Differences in this system and the freight pipeline system include:

The “rule of thumb” cost is associated with base, simple automated system, whereas, the
freight pipeline C3 system would be highly complicated.
This system only deals with warehouse component.

MTM DESIGN

The Y ear 2 report focused attention on the aerodynamic performance of the MTMs in order to
identify a shape that would reduce drag and, as a result, reduce the operational energy of the
system. Researcher performed computational fluid dynamics analyses as part of this work using
aNavier Stokes solver to determine the drag induced by various MTM configurations. The
results of the research showed that, while an elliptical front and rear produced the lowest drag,
the drag of a sharp-edged front and rear would not be substantially higher than that of the
elliptical shape and would be easier to construct. Accordingly, the team adopted an MTM profile
similar to that of the Eurostar train, as illustrated in Figure 2.5.
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Figure 2.5. Conceptual Design of the Guideway-M ounted MTM with Partially Exposed
Interior.

The MTM will be centered over a vertical guideway to navigate throughout the length of the
freight pipeline and to relay power to MTM-mounted linear induction motors. This discontinuity
in the aerodynamic profile will be accounted for by using a full-length “skirt” on the lower
portions of the MTM’ s basic structure with vertical openings to accommodate the guideway
shown in Figure 2.5. Future research and design of the MTM will require the development of a
completely passive aerodynamic design, which minimizes the energy consumption attributable to
any drag forces that are induced by this guideway opening.

Conceptual design of the MTM consists of five identical 26-ft long cars that are capable of
carrying six pallets each. The front and rear of each MTM will be enclosed with a non-structural
attachment angled at 45 degrees to provide the required aerodynamic shape, resulting in a total
MTM length of approximately 142 ft. A profile of this shape is shown in Figure 2.6 with the
exterior covering removed from one car and partially removed from the front and third cars. This
view illustrates the positioning of the linear induction motors under the MTM cars, the linkage
between cars, and the orientation of palletized freight.

Each of the MTM cars are linked using a socket attachment on one end of the frame and a plug
attachment on the other — the socket end of one unit links (using a pin) with the plug end of an
adjacent unit, and together this assembly rests on an independent wheel carriage. Figure 2.7
illustrates the arrangement of wheel assemblies, linear induction motors, and cargo for two
linked MTM cars that are mounted over the electrical guideway.
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Figure 2.6. Fully Loaded MTM with a Partially Exposed Interior.
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Motor Design Concepts

A conceptual design of the MTM motor has been performed to determine the feasibility of using
linear induction motors to power these units. In addition, this examination provides details on the
numbers, positioning, and geometric constraints of the motors that will affect the design of the
MTM structure. Figure 2.8 illustrates the positioning of the linear induction motors relative to the
guideway and an MTM car. Factors that researchers considered in the development of this
conceptual design are discussed in the following subsections.

¢ e

Figure 2.7. Positioning of Wheel Assemblies, Motors, and Cargo of Linked MTM Cars.
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Figure 2.8. Positioning of Linear Induction Motorsof an MTM Relative to the Guideway.

Horsepower Requirements

The horsepower required to propel an MTM is obtained from the equations provided in Chapter
7 of the second year report. An 80 horsepower motive effort is needed to propel each MTM
segment to a full operating speed of 60 mph in the prescribed 30-second accel eration window
when using a linear induction motor (LIM) with a 50 percent magnetic coupling efficiency.
Standard rotating electrical motor practice can be applied to establish the weight and physical
size of the LIM, which states that electric motor horsepower is doubled as the mass of the motor
doubles. Therefore, doubling the length of alinear motor, or increasing the armature of a rotary
motor by C2, will double the horsepower (assuming that mass and weight are the same).

Motor Configuration

The rationale for the MTM motor configuration is based on the induced eddy current principal.
When an electric current flows in a copper wire, a magnetic field is generated in the immediate
area surrounding the wire. When the flow of this current changes, the magnetic field changes
proportionally, and if the wire is placed in close proximity to a ferrous material, the magnetic
field around the wire will induce a similar or proportional magnetic field in the ferrous material.
Reversal of the current flow in the wire causes the magnetic field to collapse and rebuild itself in
the opposite direction. At the same time, the electrical field induced in the ferrous materia
resists the change (as can be described by a mathematical function). At the same time that the
ferrous material resists magnetic change, a physical magnetic field change takes place. The
changing field in the ferrous material being forced by the field change in the wire alongside the
material causes an electric field or current to be generated in the ferrous material during this
opposing magnetic field change. This phenomenon is known as induced eddy current and is the
principa used to advantage in this design. The center guideway is composed of two materials, a
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heavy center of iron and a cladding of aluminum on both of the iron’s vertical faces This
assembly is commonly referred to as “backiron.” The iron core develops the strong magnetic
field, and the auminum develops the electrical current. Theiron could be used for the electrical
current member, but the aluminum is substantially more efficient, allowing the structure to
provide higher efficiency for the air gap between the LIM and the backiron.

Two opposing linear induction motors are used with the backiron in between them. Since the
backiron is between two opposed motors, each facing the common backiron, electrical practice
provides that an induced eddy current develops in the backiron. The eddy current provides the
opposing electric field dightly out of phase to the field in the LIM that causes the LIM to move.
The LIM on the opposite side of the backiron is dightly behind the opposing LIM. With an
opposing LIM field dightly behind the first LIM, the first LIM is restrained from moving toward
the second LIM. The first LIM will move in the only unrestrained direction from the field in the
backiron, so the LIM moves forward. This process continues at the rate of the frequency of the
alternating current supplied. This phenomenon allows the backiron to be a simple passive device
with no technical manufacturing involved. The backiron is expected to be approximately linch
thick and 12 inches high, and covered on both sides with 5/8-inch thick aluminum cladding. It
will be mounted in a vertical fashion. The backiron with the induced eddy current provides a
magnetic flux for the repulsion reaction similar to that in a rotating motor with an electrically
built active magnetic field and an iron core. The advantage this method holds for the freight
pipeline system is low maintenance based on simplicity of design mechanics. No active
electrical current in the backiron is necessary for the repulsion of the motor in the design.
Further, with no active electrical support necessary there will be no long-term exposure of
electrical insulation in the stationary part of the motor from environmental conditions in the
pipeline.

An additional functional benefit to this design is it provides a natural guide mechanism for the
MTM. The opposed facing LIMs, with the backiron as a magnetic equalizer, maintain a self-
centering function for the moving component, the MTM. Thisis a natural consegquence of two
linear induction motors acting on opposite sides of a single backiron for the mechanism. The
opposed facing motors each induce an eddy current in the backiron that is proportional to the dlip
energy and equal in magnetic flux to the opposing motor’s energy. This causes the opposing
motor to try to stay the same distance from the backiron as its opposite component. The
arrangement of linear induction motors under the MTM frame is shown in plan view in Figure
2.9.
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Linear Motor Layout on MTM
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Figure2.9. Arrangement of Linear Induction Motors Under the Frame of an MTM.

Motor Sze and Weight

The length of the linear induction motors must be limited so that MTMs will have the capability
to negotiate a reasonably small radius of track curvature. Instead of using one long 40-
horsepower (hp) motor on each side of the backiron, positioning two short 20-hp motors on each
side of the backiron will improve the navigability of the MTMs — these motors are to be centered
at the “third points’ of each MTM car. To increase LIM efficiency and reduce internal heating
during the condition of maximum current flow, motors equivalent to a six-pole rotating motor
were selected for use. The 20-hp motors each weigh 475 pounds, resulting in atotal weight of
1,900 pounds for the four motors on each MTM car (12). Thiswork estimates that the on-board
motor control, electrical and electronic control, and communications equipment will weigh at
least 100 pounds per motor set, resulting in atotal electrical equipment weight of 2,000 pounds
per MTM.

MTM Structural Design Concepts

The MTM design must provide for a structure that reliably performs the task of transporting
truck cargo through the freight pipeline as required by the specifications outlined in this report.
To accomplish this, each MTM car must be designed to meet operational criteria that include:

clearance tolerance of pallet transfer mechanisms,

prevention of fatigue in both structural and non-structural components,
support of linear induction motors, and

prevention of torsional load displacements.

Specificaly, the frame must be designed to develop no more than 0.5 inch of vertical deflection
whether in aloaded or unloaded condition. Pallet loads may vary from several hundred pounds
to, according to the Texas Motor Transport Association(TMTA), a maximum of 4,000 pounds,
which complicates the combined design of the suspension system and frame. To simplify the
conceptual design of the structure, this study has adopted the approach of providing a completely
rigid frame that is supported by a suspension system that provides adequate ride quality. Not
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only does the design of structural elements become easier with this assumption, but a completely
rigid frame will aso extend the life cycle and reliability of the MTM.

Structural Analysis

A rudimentary structural analysis was performed for two basic loading scenarios of an MTM in
order to verify the feasibility of the research team’s conceptual design. Furthermore, the team
prepared a structural design of the MTM so that it could use estimates of weight and cost to
determine power requirements and manufacturing costs. In this investigation, the structural
members of the MTM are considered to be the:

main longitudinal beams,

end beams,

side sl members,

forged end coupling sockets,

main beam stiffeners and X braces, and
attachment braces for the linear induction motor.

The strength of the main longitudinal beams will determine the rigidity of the MTM since they
will support the full load of the structural system and the palletized freight. Therefore, the
analysis of the conceptual MTM structure focuses on loading of the longitudinal beams by
considering two cases, as described in the following subsections.

Loading Case 1. A fully loaded truck carrying 30 pallets that weigh atotal of 50,000 lbs
(Just over the 48,000-1b limit) would require each MTM car to support six 1,667-1b pallets, as
shown in Figure 2.10. The shear and moment diagrams for this loading are shown in Figure 2.11.

6-Pallet Capacity for a Single MTM

w =416 1b/ft
v v v ¥ v v v ¥ v v v v 3
1,667 Ib 1,667 Ib 1,667 Ib 1,6671b | | 1.6671b 1,667 Ib
A 7y
R,=5.2 kips Ry=5.2 kips

!< 25-ft Span Length ’!

Figure 2.10. Loading of an MTM with 1,667-Pound Pallets.
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Shear Diagram

+

Voa=2-2 kips

}

12.5 ft

Moment Diagram

M,,,,=390 kip-in

v

Figure2.11. Shear and Moment Diagramsfor Loading Case 1.

A structural analysis of Case 1 has been performed using the following convention:

R = Reaction force at point of suspension
w = Weight expressed in kips per inch
I = Length of beam
\% = Vertical shear (maximum) expressed in kips
M = Moment
MMax) = Maximum Moment, at beam center
D = Deflection of beam
Divax) = Maximum deflection of beam, at beam center
kips = 1,000 inch pounds
E = 29,000 kipsfor structural steel
I = Moment of Inertia for selected structural beam cross-sectional shape
Ra= Rs
_w
2
_ (0.03467 kips) (300 inches)
2
Rag = 5.2 kips
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V(Max) = Maximum vertical shear M(Max) = M at center

Vua = Rag )
=5.2kips _ wi
8
_ (0.03467 kips)(300 inches) 2
8
=390kip - inches
Deflection =Dy, =At Center | = Selected moment of inertia for beams
_ 5wl? To set the Dyvax) a Y2inch, solve the general
" (384)EI equation for |.
5w’
(3B9ED

_ (5)(0.03467 kips)(300 inches) *
(384)(29,000 kips)(0.5 inch)

| =252.2inches*

For estimating purposes, the moment of inertia (I) for the total load is a summation of the
individual Is of multiple beams, each sharing the vertical load proportionately. Since the
provision for alow MTM profile requires one longitudinal beam on each side of the guideway,
one-half of the calculated moment of inertiais used to select a beam cross section that has an
adequate momert of inertia, which is:

| = 126.1 inches’
A list of beam types and shapes that meet the criteria for the longitudinal beam in Case 1 are
listed in Table 2.2. In this evaluation, the optimal beam choice is the rectangular-shaped

structural tubing measuring 12 inches high and 4 inches wide. The use of two beam sections
provides a moment of inertia of 254 inches®, which exceeds the required 252.2 inches”.
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Table2.2. Longitudinal Beam Selection for Loading Case 1.

No. of Beams Description :
Required Shape | We'f%h;t per
Dimension Wall Thickness
2 D 5" x 10" 3/8" 128in.* 35.13#
2 4" x 10" 1/2" 136 in.* 42.05 #
2 4" x 12" 1/4" 127 in.4 25.82 #
2 8" x 8" 1/2" 131in.% 48.85 #
2 Tr L8"x 6" x ¥4" 126 in.* 67.6 #
4 I M12 x 10.8 65.8in.* 10.8 #

L oading Case 2. Although the maximum load of an individual pallet may be 4,000 Ibs,
the maximum cargo weight for aloaded 80,000- b five-axle truck is 48,000 |bs (80,000- Ib total
weight minus the 32,000- Ib truck weight). This implies that only 12 pallets of maximum weight
(4,000 Ib each) could be potentially distributed within the five cars of an MTM. Loading of the
MTM to insure an even weight distribution would require an arrangement of three 4,000-1b
palletsin two of the cars and two 4,000- b pallets in three of the cars. In this scenario, the
maximum load will occur in a car with three 4,000-1b pallets, asillustrated in Figure 2.8. The
shear and moment diagrams for this loading are shown in Figure 2.9.
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Maximum Capacity for a Single MTM

3 Each, Pallets @ 4,000 Pounds
Including 4 Each, Underslung Linear Induction Motors @ 500 Pounds

150 in. !

126 in. N i
99 in. !
o 1
_ 75 in. . |
oL o L. :
83.3 #/in. 83.3i#/in. 83.3 #/in.
i i
i !
4,000 b 4,000 Ib 4,000 Ib
H 1
; i
1 oo | i | oot | A
R,=7 kips i 222 #fn. 222 #/in. Ry= 7 kips
! 45 in. B
1
i
77.5 in. :
e 1000 b
| 1225in.
—~—— 25 Foot or 300 inch Span Length -/ ——

Figure 2.8. Loading of an MTM with 4,000-1b Pallets.

Texas Transportation Institute 35 Multimodal Freight Transportation Programs



Maximum Capacity for a Single MTM
Shear & NMoment Diagrams

3 Each, Pallets @ 4,000 Pounds
Including 4 Each, Underslung Linear Inducti on Motors @ 500 Pounds

Shear Diagram

.

Wona—7 kips

!

Moment Diagram

Mo

Figure 2.9. Shear and Moment Diagramsfor Loading Case 2.

By convention:

w = Weight expressed in kips per inch
w = Total load on the beam, expressed in kips
Deflection =Dy, =At Center
_ Wwi3
(60)El
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RE
(60)ED,,

_ _ (14.0kips)(300 inches) ®
(384)(29,000 kips)(0.5 inch)

| =434.48inches *

Using the same criteria as used in Case 1 above, the moment of inertia (1) is divided by two to
determine the structural shape and beam weight for the lightest weight structure meeting the
rigidity requirements at the maximum load evaluated. The desired moment of inertiafor asingle
beam is:

| =217.24inches*
A list of beam types and shapes that meet the criteriafor this longitudinal beam are listed in
Table 2.3. In this evaluation, the optimal beam choice is the rectangul ar-shaped structural tubing

measuring 14 inches hi gh and 4 incheswide. The use of two beam sections provides a moment
of inertia of 460 inches', which exceeds the required 434.48 inches’.

Table 2.3. Longitudinal Beam Selection for Loading Case 2.

No. of Beams Shape Description I Weight
Required a Dimension Wall Thickness per foot
2 D 10" x 8" /2" 226in* | 55.66#

2 12" x 6" 3/8" 228in% | 42.79#

2 Sdlected 14" x 4" 5/16" 230in* | 36.10#

2 10" x 10" 3/8" 214in% | 47.90#

2 ST12 x 53 | 12-1/4" x 7-7/8" 1-1/16" 216in%* | 53.0 #

2 T W8x58| 8-1/4"x 8-3/4" 13/16" 228in.* | 58.0 #

4 S10 x 25.4 10" x 4-5/8" 124in% | 254 #
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Conceptual Sructural Design

The physical structure of the MTM is required to be substantialy rigid. Rigid for this purpose
means that it must not have more than 0.5 inch of arch in the end-to-end direction of the frame,
in either the positive or negative direction when loaded or unloaded. This criterion is needed to
facilitate the various functions and mechanisms required to load, unload, and maintain skin
integrity with low maintenance for the MTM. The wide variation in pallet weight, from the
anticipated low of only several hundred pounds to as heavy as 4,000 pounds per pallet,
complicates the MTM suspension as well as the pallet transfer mechanism to and from the MTM.
In the overall design integration of the transfer system and the MTM structure, the smplistic
approach isto require the MTM to be rigid and the suspension system to provide adequate ride
quality. An additional advantage to the rigid structure design for the MTM will be long cycle
life and structural reliability because of the uncharacteristic extra-heavy-duty structure.
Furthermore, the structure must support the LIMs and prevent structural torsional displacement
under load shifts during transition through curvature in the tunnel. Torsional |oads are assumed
to be minimal in this application and are not considered in the numerical analysis conducted to
determine the main beam size.

Given the requirements of rigidity for the structure of the MTM, the fact that the structure must
accommodate the vertical center guide plate for the LIMs and present alow center of gravity in
both the loaded and unloaded configuration a two beam configured design is suggested to
provide arigid, lightweight structure. The structural members of the MTM include the
longitudinal main beams, the end beams attaching to the main beams, side sill members, the
forged end coupling sockets, the main beam deck brackets, and the LIM attachment brackets.
See Figure 2.10 for component identification and descriptions.

Structural Frame. The loading pattern of Case 2 requires a moment of inertiathat is
twice that required for Case 1 in order to maintain rigidity in the longitudinal beam that only
allows for a 0.5-inch deflection. Therefore, the 14-inch high by 4-inch wide tubing with a 5/16
inchwall thickness is the appropriate material selection for the main beams of the MTM.

Deck Structure. Thefloor or deck of the MTM was determined to be 3/8-inch stedl
plate because it is rigid, has exceptional wear quality, is of low cost, and is easily integrated into
the basic MTM structure. Steel plate is readily available and inexpensive and, although steel
plate is three times heavier than aluminum of the same strength, stedl is one-sixth the price of
aduminum. The MTM deck is nominally 0.031 ft x 4 ft x 25 ft or 3.125 ft> of material.
Aluminum weighs 165 b/ ft3 and costs approximately $0.63 per pound. Steel weighs 490 Ib/ ft3
but only costs about $0.10 per pound (12). Given the weight and price disparity between the two
metals, the volume being the same at 3/8-inch thick plate, the steel will weigh 1,500 pounds and
cost $150, while the aluminum will only weigh 515 pounds, but, cost $325.

MTM Car Connectors. Figure 2.11 shows the socket and Figure 2.12 shows the plug
end devices that are incorporated on the ends of each MTM to connect them together. Each 26-ft
segment has a socket end (S) and aplug end (P). The envisioned arrangement allows the MTM
to be made up of five identical motorized segments. In order to terminate the MTM, the leading
segment will have a plug terminating device inserted into the socket, and the whole will then rest
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on a carriage with the fixing pin inserted to complete the assembly. The same approach is used
on the trailing end, but using a socket terminating device to complete the assembly. This
arrangement allows al the MTM unit segments to be identical, which provides maximum
interchangeability and minimal part inventory. Figure 2.13 provides illustrations of the coupling

and the terminating devices.

| 26'-0"
The articulated truck mount
socket coupling female unit - The articulated plug
S end, (Cast steel coupling male unit- P end,
1 [ " i (Cast steel)
|[ED)
End sills are the same
\- " material as the Main Beams.

The Rib Stiffeners are 6” X 4” structural steel tubing w/ 3/8” wall
weighing 22.37#l/ft.

The Main Beams are 14” X 4” structural steel tubing w/ 5/16” wall weighing 36.10 #/ft.

= 1 N O O n =

Figure 2.10. Structural Frameof an MTM.

L it

]

Figure 2.11. Socket and Carriage Pin Connectors.
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Figure 2.12. Plug and Pin for Socket Connector.

DETAIL OF SOCKET TRUCK-COUFLER DETAIL OF PLUG
S - END with TRUCK CENTERING RING TRUCK COUPLER, P - END DEVICE

Each Socket truck mount to have
an integrated cast in place center-
bowl for truck alignment and retai-

— — ning pin placement.
/'/P \ L _
/ //; _'1‘%_\\.\\ J —l
> A\
N, y -9 F
[ C ) — THE
\ =~ J| b7 ()
\\ 2, __,_{// y TR jl Lokl ke
_______ e e L % e
—I \‘x,_q___d,/’ Ll

DETAIL OF PLUG TRUCK-COUFLER P - END
TEEMINATION INSERT with TRUCK CENTERING RING

Each Plug termination device to have
anintegrated castin place center- == I N

DETAIL OF SOCKET TRUCK-COUPLER
S - END TERMINATION INSERT

L howl for truck alignment and qutvgi-/ “‘x\
S ning pin placement. .f/ e ™
< :’_‘_—_‘:‘“‘t‘.\ \
] n b\ // \\\
: : : \l = rf‘ //f”_“\ \
! o i e ” { ( A} 'I '||"| B\
i [
‘! Vs ' Rt |Ir( 1 't_\ ja' | I:l
( g\ = JLE
= /A
L L. NS
g e taer s oo e
.\R -’/.

Figure 2.13. Complementary Socket and Plug Connectors.
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The MTM socket and plug connection over the wheeled carriage provides an articul ated
connection for eachsegment. The concept of articulated platform connections has been
successfully exploited by the US railroad industry to reduce rolling friction through reduced
wheel-sets, while providing flexibility for negotiating relatively sharp curves. The single carriage
at each connection point allows full curving benefit of the LIM guideway system. The
interwoven finger design of the socket and plug devices would provide for some vertical
clearance between the faces to provide for MTM vertical bending at the coupling. Bending at
the coupling is necessary for the MTM to transition over vertical curves asit goes up or down
grades.

MTM Shell and Support Structure. The MTM enclosure shell that provides the
aerodynamically smooth skin (skin) must be structurally rigid, relatively lightweight, and quickly
removable for access to the MTM cargo bay for loading and unloading at the terminal. The skin
configuration must not have vertically oriented discontinuities of depths in excess of fractions of
an inch, such as structura rib attachment points that protrude or are depressed more than 1/4 to
3/8 inch. Longitudinal discontinuities are of significantly less concern because they are parallel
to the axis of air flow over the MTM skin and therefore have only a minor effect with respect to
the drag forces and the energy needed to move the MTM through the pipeline.

One type of materia that meets the above criteriais the roller dat door commonly used in
warehouses. Thisroll-up door system is generally made of structurally rigid material, such as
steel sheet metal. Construction could easily be carried out in lightweight composite materials
reinforced with carbon fiber filament to reduce the overhead weight associated with a steel
fabricated mechanism and the associated support structure requirements. One of the advantages
of aroll-up door may be the continuous hinge along the length of each panel that provides
longitudinal strength to resist sagging. Additionally, the door is attached to the roll- up
mechanism along the entire length at the top of the mechanism to further maintain longitudinal
rigidity. Thisdoor system can be applied to the MTM as an undivided side-covering sheet that
rolls up into the top of the MTM to provide uninterrupted side access.

Figure 2.14. Roll-Up Door of an MTM.
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The use of the roll- up style side cover provides other operational advantages over terminal
applied or activated sheeting systems, such as:

Mechanism failure does not interrupt efficient operation of the terminal.
0 Failed units can be manually actuated for immediate unloading.
o0 Individual failed units can be shunted to maintenance for scheduled repair.
The sides can be retracted prior to or after terminal dock arrival or departure.
0 Reduced dock occupancy or dwell time is necessary.
= Directly reduces required number of docks in the terminal.
No critical terminal dock positioning is required for removal or installation.
Power requirements are reduced.
0 Regenerative braking energy can be used to power side retraction during arrival.

With an onboard power system, the sides of the MTM cars can be retracted as the speed of
MTMs arriving at the terminals is reduced, and the roll- up mechanism could be powered with an
onboard motor to power the system. The onboard retractable cover with a self-contained power
system allows MTMs with any enroute problems, such as shifted loads leaning against the
retractable side or failed retraction motors, to be shunted to a specia unloading dock for
unloading. Shifted loads or failed side power units (motor) can be monitored and readily
detected by the system’s command, control, and communication system. This option alows the
standard or normal terminal operation to continue unabated.

A major benefit to the onboard retractable side cover is the ability to begin and complete
side retraction prior to MTM arrival at the terminal dock. The time needed to prepare the MTM
for unloading is eliminated with an onboard system. By reducing the preparation time required
for unloading the MTM éafter arrival at the dock, the number of docks necessary at the terminal is
reduced.

Required Materialsand Cost. The estimated weight of the MTM unit structure has
been rounded upward to 7,000 pounds. A reasonable estimate for fabricated products acquisition
is approximately $1.00 per pound, which is an order of magnitude higher than the raw steel
acquisition price of $0.10 per pound (13). In this estimate, there is no allowance for exacting
machining costs or purchased assembly costs such as motors, electronics, or fabricated and
formed elements. The assembly, overhead costs of facilities, labor, taxes and profits are
estimated to be six times the raw material costs (14). The raw material weight of each MTM car
is 7,000 pounds, as shown in Table 2.4, and at $1.00 per pound the total cost per car will be
$7,000. Multiplying the material value by six provides an estimate of the total cost of production
for each MTM unit segment of $42,000 each. An MTM is comprised of five unit segments;
therefore a complete M TM will cost five times the individual unit segment price for a total
production cost of $210,000 per MTM.
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Table2.4. MaterialsList for an MTM Car.

Item Description Quantity Unit Unit Weight | Total Weight

Main Beams 14" x 4" 48 Feet 36.1# 1,732.8#
Rib Stiffeners 6" x 4" 9.33 224# 208.8 #
Steel Deck 12 gauge 100 Ft. 0. 525# 525.0 #
Linear Motor 20 horsepower 4 Each 500 # 2,000 #
Misc. Bracketing 400 #
Top Overhead roof 1 250 # 250 #
Side Roll- up doors 2 500 # 1,000 #

TOTAL 6,985 #
MTM Fleet Size

The minimum number of active MTM units in the pipeline for 3,000 trucks per day is 2,000.
Allowing another 300 units for reserve, maintenance, and repairs results in a total of 2,300
MTMs. The high percentage (15 percent) of spare and reserve MTMs is considered necessary
since thisis a start- up technology. The expectation of reliability exceeding 99.995 percent
means that 55 MTM failures will occur throughout the year. An MTM reliability exceeding
99.995 percent is easily provided for inthe physical iron construction and hardware design and
assembly, the reliability of motor insulation systems, and the ride suspension characteristics.
However, the integration of the C3 with MTM performance is expected to require substantial
maodification during the start-up period. The effect of the freight pipeline conduit on the
generation of radio frequencies, and the interference this may have on the MTM equipment, is a
substantial consideration for the integration of the C3 system.

The efficiency of the overall freight pipeline isincumbent on the continuous availability of
reliadble MTMs. In order to be prepared to maintain service for the start-up and learning period, a
large number of spare MTMs available for replacement of failed units should be anticipated.
During normal operation in the pipeline, a detected component failure will be trandlated as an
MTM failure. Thefailed MTM will be required to be shunted to a specia handling area for
disposition. In the interim, the failed unit will need to be replaced with a complete MTM
consisting of five segments. The replacement MTM will allow continued normal operation of
the pipeline while repairs take place on the failled MTM. The excess number of reserve and
maintenance spares will be absorbed and integrated into regular operations as they become
consumed through increased system demand.
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CHAPTER 3: SSMULATION MODELING

INTRODUCTION

The feasibility of afreight pipeline system depends on operational parameters that are
constrained by physical, economical, and functional requirements. Limitations on space, facility
costs, and the efficiency with which freight is transported are al part of this study; and
simulation modeling of system operations has been a key tool used to address these issues.

The conceptual design of the facility should evaluate system performance under as many
operating scenarios as possible before deciding to develop preliminary designs or conduct other
sequential decision processes. Simulation experiments are well adopted toward investigation of
the freight pipeline since they provide insight to the behavior of the system while the project isin
the conceptual stage of development. Specifically, simulation is defined as “the process of
designing amodel of area system and conducting experiments with this model for the purpose
of understanding the behavior of the system and/or evaluating various strategies for the operation
of the system’(15). Kelton, et al considers computer simulation to be a method of studying real
world systems by numerical evaluation using software designed to imitate the system's
operations or characteristics (16).

With regard to the freight pipeline, several ssimulation- modeling concepts categorize the capacity
simulation of the system. The simulation model is a dynamic mode since a time factor has to be
considered during the simulation; the freight pipeline system must be capable of operating 24
hours a day with virtualy no failure. Also, the freight pipeline smulation model is a discrete
model because all system status changes in the pipeline occur at discrete pointsin time. Finally,
the smulation model is a stochastic model; since most events in the real world occur with
uncertainty, probabilistic distributions are used to describe these processes in the model. Namely,
the freight pipeline model assumes probabilistic truck arrival rates, with some deterministic
variables such as truck and MTM loading/unloading rates included in the model.

Summary of Year 2 Work

Researchers initiated the use of computer simulation in Year 2 of the freight pipeline research
using Arena simulation software (17). In this work, they built a basic smulation model to
include one loading dock, one unloading dock, MTM storage at each terminal, and amain
conduit. The model ssimulated the flow of pallets leaving the Dallas and Laredo terminals,
traveling through the MTM loading stations and main conduit, and arriving at the destination
terminals. In the model, various counters and animation effects were set up to validate the
behavior of the model as an evaluation tool for freight pipeline operations. Statistics were also
collected on system performance measures such as total travel time, queuing time at
loading/unloading stations, MTM inventory volumes, etc.
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Approach to Year 3 Work

Work in the previous year was performed to develop a core model that could simulate the flow
of freight from one terminal to the other, representing the innermost workings of the facility (i.e.,
the conduit and MTM loading/unloading stations). The approach to this year’s work was to
expand the core model outward to include the interface of the facility with arriving/departing
trucks, asillustrated in Figure 3.1.

Truck MTM
L oading | «——| Unloading | <
Dock Station

Freight Pipeline Terminal

Freight
Pipeline
Conduit

Truck , MTM
Unloading Ingoa?i:gr?n —*| Loading
Dock Station

Figure 3.1. Simulation Model Components of a Freight Pipeline Terminal.

The addition of truck loading/unloading docks and inspection stations to the model created a

simulation model of the form shown in Figure 3.2. From this, each of the following parameters
were determined:

(8 numbers of MTM loading and unloading stations,
(b) MTM fleet size,

(c) optimal inspection rate of pallets,

(d) numbers of truck loading/unloading docks, and
(e) required terminal storage space for MTMs
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The research team performed simulations of freight pipeline operations to acquire output that is
useful for:

observing the overall process under various operating conditions,

analyzing throughput (or number of pallets transferred),

detecting bottlenecks,

measuring queue lengths, and

understanding the interactions between system components using animation.

Details on the simulation model are reported within the two main sections of this chapter —
“Basic MTM Transport Modeling,” and “Material Handling System Modeling.” The first section
describes how the number of required MTM loading/unloading docks and MTM fleet size were
determined. The second section describes the addition of truck loading/unloading docks and
inspection stations to the model, and how an optimal pallet inspection rate and number of
required truck loading/unloading bays were determined.

BASIC MTM TRANSPORT MODELING

One of the main goals of a smulation model is to optimize system configurations by running the
computer program using various operating scenarios. As shown in the previous sections, the
freight pipeline consists of several subsystems such as the main conduit, terminal/warehouse
systems, and MTM systems. This section discusses the incorporation of these systems in the
development of a basic freight pipeline model, and it describes the expansion of this model to
include the means by which researchers determined the number of MTM loading stations and the
MTM fleet size.

For purposes of clarity, an MTM has a cargo capacity equivalent to that one freight truck (30
pallets), with each of the five cars that make up an MTM having the capacity to transport six
pallets.

Assumptions

In order to determine the appropriate number of MTM loading docks and total number of MTMs,
a basic smulation model was developed. Although the freight pipeline is a conceptual system
that begins with minimal constraints in physical or logical layout, the ssmulation model is based
oninitia assumptions that correspond to expected system behavior and performance; therefore,
some system parameters are assumed as fixed constants during the simulation experiments. The
following assumptions are employed during the design stage of the simulation modeling:

The conduit forms a closed loop system between the two terminals.

An MTM unit has a carrying capacity of 30 palets (one MTM).
MTMswill travel as a set of five linked cars.

Each MTM car can transport six standard pallets.

MTMs travel the 450- mile main conduit with a steady speed of 60 mph.
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A set of 30 pallets can be loaded onto an MTM in 30 seconds.

There is no failure of the system during the simulation period.

MTMs are located in MTM storage when not in use.

All MTMs in the smulation are served by the first-come/first-served rule without
preemption.

There is no seasonal or weekly fluctuation in the arrival of trucks.

Temporal Model Variables

As mentioned in the introduction, time plays an important role in modeling and analyzing freight
pipeline operations. Every truck coming into the system is considered as an individual simulation
unit with its time monitored as it moves through the system. The computer program records the
status changes, both temporal and spatial, of all MTMs during the ssmulation using the following
time variables:

truck unloading time (used in “Material Handling System Modeling”),
pallet inspection rate (used in “Material Handling System Modeling”),
MTM loading time,

routing time from warehouse to MTM loading station,

gueuing time at MTM loading station,

routing time through the 450- mile conduit,

gueuing time at MTM unloading station

MTM unloading time,

routing time from MTM unloading station to warehouse, and

truck loading time (used in “Material Handling System Modeling”).

Deter mining the Number of MTM L oading/Unloading Stations

Thefirst goal of the capacity simulation was to determine the required number of MTM loading
and unloading docks. To achieve this goal, the basic smulation model was first run with one
loading and one unloading dock at each terminal so that the queue lengths at these stations could
be measured. The result is shown in Figure 3.3, which shows the accumulation of palletsin front
of the Dallas and Laredo MTM loading docks - 31 MTMs waiting at the Dallas loading station
and 167 MTMs waiting at the Laredo loading station. Lengthy queue lines such as these
contribute to long waiting lines at MTM loading stations and result in unacceptably long travel
times between the two terminals.

In terms of performance time, the “5-day” simulation resulted in a maximum gueuing time of
351.8 minutes at the Laredo MTM loading stationand a maximum shipping time to Dallas of
771.6 minutes. Likewise, the maximum gueuing time at the Dallas MTM loading station was
230.4 minutes, with a maximum shipping time to Laredo of 657.5 minutes. In this model, the
shipping time between terminals does not include the loading/unloading times of pallets from
trucks at the terminals (this was included in “Materia Handling System Modeling”).

Texas Transportation Institute 49 Multimodal Freight Transportation Programs



The freight pipeline system is designed to be highly automated and is assumed to have virtually
no queue at the MTM loading stations. In that sense, the queuing times for the model shown in
Figure 3.3 will not satisfy the expected system performance. Therefore, researchers modified the
model to include an additional loading and unloading dock at each terminal; they added the
MTM loading and unloading docks in equal numbers since loading and unloading times are
assumed to be equal. Figure 3.4 shows the modified model using two MTM loading and
unloading docks at each terminal, with all other system parameters being the same as the case
presented in Figure 3.3.
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Figure 3.3. Freight Pipeline Simulation Model with One MTM L oading and Unloading
Dock at Each Terminal.

The modified model in Figure 3.4, using two loading and unloading docks, reduced the loading
gueue length at the Laredo terminal from 167 to 3 MTMs (3 trucks) and the queue length at the
Dallas terminal from 31 to 4 MTMs (4 trucks). Furthermore, the maximum queuing time at the
Laredo MTM loading station was reduced to 2.0 minutes and the maximum queuing time at the
Dallas MTM loading station was reduced to 2.7 minutes. These results indicate that the addition
of one loading dock at each termina reduced MTM loading times by over 99 percent. These time
differences are shown in Table 3.1, which compares the average and maximum queuing times for
these models. These results were judged to provide adequate system performance, so the
remaining simulation trials were run with two loading and unloading docks.
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Figure 3.4. Freight Pipeline Simulation Model with Two MTM L oading and Unloading
Docks at Each Terminal.

Table 3.1. Queuing Timesat MTM L oading Stations as a Function of L oading and
Unloading Capacity.

Terminal : . .
Loading/Unloading | Direction | AVE&rageQueting | Maximum Queing
o : Time (min.) Time (min.)
apacity
One Loading and Southbound 106.7 230.4
Unloading Dock Northbound 241.7 351.8
Two Loading and Southbound 0.6 2.0
Unloading Docks Northbound 0.7 2.7

Determiningthe MTM Fleet Size

Capacity simulation of the freight pipeline system is mainly performed by bottleneck analysis,
whereby bottlenecks are removed by increasing the capacity of certain components of the
system. In the basic model presented earlier, an insufficient number of MTM loading docks
caused a bottleneck condition at the MTM loading stations (recall Figure 3.3). Just as the
addition of aloading and unloading dock at each terminal reduced the queue lengths at these
stations, adjusting the total number of MTMs in the freight pipeline system optimizes the size of
the MTM fleet. A detailed description of this procedure is provided in the following sections.

Analysis of Truck Arrival Patterns

An analysisof MTM circulation was performed to minimize the number of MTMs required by
the system while satisfying predefined system performance parameters (e.g., delivery time from
Dallas to Laredo, etc.). The main factors affecting the number of required MTMs are:

total number of truck arrivals per day,
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hourly truck arrival rate and pattern at each terminal, and
MTM controlling logic (as explained under “Assessment of MTM Fleet Size”).

Two truck arrival patterns were examined so that the relatiorship between truck arrivals and
MTM fleet size requirements could be evaluated. The following scenarios were studied:

1. deterministic and evenly distributed arrivals at both terminals (see Figure 3.5 (@), and
2. fluctuating arrival rates with concurrent peak times at both terminals (see Figure 3.5 (b)).

| ——  TermindA = —————-—- Termina B |
Truck Truck
arrival arrival
rate rate
: : : :
12 24 Hour 12 24 Hour
(a) Evenly distributed arrival rates (b) Fluctuating arrival rates

Figure 3.5. Conceptual Truck Arrival Patterns Considered for Simulation Modeling.

In Figure 3.5 (@), the evenly distributed arrival rates allow for MTMs to be dispatched at a
constant rate during a 24- hour period. In this casg, it is only necessary to deal with unbalanced
arrival rates between the two terminals by moving empty MTMs from termina B to terminal A
at some point during the day. However, the fluctuating arrival ratesin Figure 3.5 (b) produce
“rush hour” periods with peak arrival rates at both terminals. In this case, alarger number of
MTMs needs to be in inventory before the rush hour begins. Consequently, alarger MTM fleet
sizeisrequired to accommodate this arrival pattern.

The arrival rate pattern used in the freight pipeline simulation experiments is similar to the
pattern shown in Figure 3.5 (b). Figure 3.6 is the arrival rate pattern assumed for this study, with
each arrival rate serving as a stochastic variable (each rate is based on a probability distribution).
Table 3.2 lists the numerical values of the arrival rates in Figure 3.6 for each hour of a 24-hour
period. The numbers of trucks within a given hour are determined by multiplying the arrival rate
(trucks/min) by 60 min/hour. Table 3.2 also shows that the total number of trucks arriving at the
freight pipeline in a 24-hour period (for this arrival pattern) is 2,953 trucks - 1,675 trucks at the
Dallas terminal plus 1,278 trucks at the Laredo terminal.
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Figure 3.6. Truck Arrival Rates used in Freight Pipeline Simulation M odels.

Table 3.2. Truck Arrival Rates used in the Simulation M oddl.

Period Dallas Terminal Laredo Terminal
(hour) Arrival Rate Number of Arrival Rate | Number of
(trucks/min) Trucks (trucks/min) Trucks

1 0.13 8 0.03 2
2 0.23 14 0.07 4
3 0.42 25 0.07 4
4 0.57 A 0.10 6
5 0.60 36 0.20 12
6 0.70 12 0.33 20
7 1.00 60 0.67 40
8 1.20 72 1.33 80
9 1.60 % 2.00 120
10 2.00 120 2.33 140
11 2.33 140 2.67 160
12 150 20 3.00 180
13 2.25 135 2.33 140
14 2.00 120 1.67 100
15 183 110 133 80
16 1.67 100 1.00 60
17 2.33 140 0.67 40
18 2.02 121 0.50 30
19 147 83 0.33 20
20 0.83 50 0.17 10
21 0.33 20 0.17 10
22 0.20 12 0.17 10
23 0.37 22 0.10 6
24 0.33 20 0.07 4

Total 1,675 1,278
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Assessment of MTM Fleet Sze

All MTM operations in the freight pipeline are to be controlled by the C3 system. In actual
operations, this system would provide the controlling logic to continuously allocate portions of
the MTM fleet to each terminal so that operations can be sustained indefinitely. However, the
controlling logic required for this to occur is beyond the scope of the current simulation study.
The absence of any method of reallocating MTMs in the model would eventually result in one
terminal becoming deficient in MTMs due to the differencesin arrival rate patterns shown in
Figure 3.6. Therefore, a ssmple heuristic algorithm is used in the model to transfer empty MTMs
from a surplus terminal to aterminal in need of MTMs so that system performance is not
diminished.

With the controlling algorithm in place, simulation experiments were conducted using different
numbers of MTMs to determine the minimum number of MTMs that would prevent degradation
of the system’s performance. The results are summarized in Table 3.3, which shows the results
from models using fleet sizes of 1,800; 1,900; 2,000; 2,100; and 2,200 MTMs. The termination
time of these simulation experiments was set to 7,200 minutes (end of the fifthday). All data
shown in Table 3.3 are averages of the results obtained over this five-day period.

As shown in Table 3.3, the maximum MTM loading queue time at the Laredo terminal decreases
rapidly as the number of MTMs increases. Models with 1,800 MTMs and 1,900 MTMs have
unacceptably long waiting times, which is due to alack of sufficient numbers of MTMsin
storage at the Laredo terminal during some portion of the simulation period. Notice that less than
one MTM in storage indicates that no MTMs are available when pallets arrive at the MTM
loading station and an MTM from storage is requested. The model with 2,000 MTMs shows
improved performance in terms of MTM loading queue times and numbers of MTMs in storage,
but shows along maximum loading queue of 50.53 MTMs. However, the models with 2,100 and
2,200 MTMs demonstrate an acceptable performance in al criteria. These models have no
bottlenecks in the system, and it is reasonable to conclude that the system requires at least 2,100
MTMs to sustain operations indefinitely.
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Table 3.3. Freight Pipeline Simulation Performance for VariousMTM Fleet Sizes.

Number of MTMs
Simulation Results
1800 1900 2000 2100 2200
Dallas Avg. 0.63 0.60 0.60 0.60 0.60
MTM Max. 5.03 2.01 2.01 2.01 2.01
Loading Queue L aredo Avg. 25.67 8.67 1.05 0.71 0.71
Max. 385.82 79.64 12.63 2.68 2.68
- Southbound LAYE: 451.58 451.55 451.55 451.55 451.55
Shipping Max. 455.89 452.83 452.83 452.83 452.83
Time Northbound |-2V9: 477.47 459.67 452.03 451.68 451.71
Max. 836.80 530.61 463.62 453.67 453.67
L aredo Avg. 429.09 483.01 571.06 617.30 770.62
MTMsin Min. 0.00 0.40 37.20 78.00 226.00
Storage Dallas Avg. 286.98 356.92 376.71 431.16 377.03
Min. 12.80 58.60 69.80 78.80 70.40
Dallas Avg. 252 2.40 2.40 2.40 2.40
MTMs Max. 20.10 8.05 8.04 8.04 8.04
Loading Queue L aredo Avg. 102.70 34.69 421 2.82 2.85
Max. 1543.26 318.57 50.53 10.70 10.70

MATERIAL HANDLING SYSTEM MODELING

The basic freight pipeline models presented earlier were designed to simulate the essential
function of transporting cargo between the Laredo and Dallas terminals. Consequently, the
components of those models strictly dealt with the facilities required to perform this function,
which are:

MTM loading/unloading stations,
MTM fleet size (and MTMsin storage), and
the freight pipeline conduit.

In other words, the initial models were set up to operate without truck loading/unloading docks
and inspection stations, and to only model the core operations of the facility. These models
provided information on the movement of MTMs between terminals that allowed for the number
of required loading/unloading docks and the size of the MTM fleet to be determined. A
schematic representation of this approach is shown in Figure 3.7.
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Figure 3.7. Simulation Process of Initial Freight Pipeline Models.

From this analysis, the researchers found the facility to require:

2 loading docks,
2 unloading docks, and
2,100 MTMs.

This approach did not ssimulate terminal operations such as cargo inspection and material
handling, which could change the total number of MTMs required to sustain operations
indefinitely. Therefore, terminal operating functions were incorporated into the model so that the
entire scope of operations could be simulated.

Simulation of Terminal Operations

Pallet inspection stations and truck |oading/unloading docks were added to the basic simulation
model as terminal operating functions. These components were added in order to simulate:

truck arrivals and cargo unloading at each terminal,

truck departures and cargo loading at each terminal,

transport of cargo to the terminal inspection stations,

transfer of cargo from inspection stationsto MTM loading areas, and
transfer of cargo from MTM unloading areas to truck loading areas.

Figure 3.8 illustrates the use of simulation to analyze the performance of a system that includes
terminal operations in the model.
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Figure 3.8. Basic Simulation Process using a Freight Pipeline Model that Includes Terminal
Operations.

Development of the Model

Inspection stations operate within the terminal to verify the worthiness of palletized cargo for
transport by MTMs. In order to prevent extensive queues from forming at these inspection
stations, and to minimize queue lengths at the MTM loading docks, both minimum and
maximum time constraints must be placed on the rate of inspection at these stations. For
example, the inspection of cargo in the terminal must occur within some prescribed minimum
rate (i.e., seconds or minutes per pallet) or else be rejected from the system. Reasons for
rgjection would include unsecured pallet cargo, etc. Also, these inspections cannot occur at arate
greater than that by which pallets can be loaded onto MTMs; otherwise, queues would continue
to grow at the loading docks.

Recalling Figure 3.7, the basic models sent cargo directly from the incoming trucks to the MTM
loading docks. The inclusion of inspection stations in the model servesto “regulate” this flow of
cargo by imposing time constraints on the inspection rate. Figure 3.9 illustrates this process,
which infers that any substantial queuing will occur within the warehouse portion of the
terminal.

Truck Inspection MTM . MTN_I
: Warehouse Statior Loading | Conduit |Unloading— Exit
Arrival Pellet | Statior Statior

Arrival after
Inspection

Figure 3.9. Simulation of Terminal Operations using I nspection Stations to Regulate the
Flow of Pallets.

Inspection Rate Analysis

Using the criteria established in the previous section, the maximum inspection rate was set to
equal the peak truck arrival rate in Table 3.2 (180 trucks/hour) — one truck per hour, 30 pallets
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per hour, and one MTM per hour all represent equivalent volumes of freight movement in the
freight pipeline. Furthermore, a minimum inspection rate of 80 trucks/hour was specified for this
modd.

The research team ran the new simulation model to evaluate the system’s performance using
inspection rates ranging from 80 to 180 trucks/hour in increments of 10 trucks/hour (11
simulations). MTM fleet sizes of 1,700; 1,800; 1,900; and 2,000 MTMs were used in this
evaluation, resulting in atotal of 44 simulation trials. An optimal inspection rate was determined
for each MTM fleet size by preparing plots of the following parameters versus inspection rate:

minimum number of MTMs in storage,
maximum queue length at MTM loading stations, and
total time of cargo in the system.

Figure 3.10 isa plot of minimum number of MTMs in storage and maximum queue length at
MTM loading stations versus inspection rate for a fleet size of 1,900 MTMs. This plot shows that
at an ingpection rate of approximately 110 trucks/hour there is still an availability of MTMs from
storage (whichis required to sustain operations indefinitely) and the loading queue length
remains small. However, an inspection rate exceeding 110 trucks/hour is shown to greatly
lengthen the MTM loading queue length at the Laredo terminal. In Figure 3.11, the plot of total
time in the system versus inspection rate shows that increasing the inspection rate beyond
approximately 130 trucks/hour will not substantially reduce the total system time, and that
inspection rates lower than 110 trucks/hour will result in exceedingly long shipping times.
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Figure 3.10. Minimum Number of MTMsand Maximum Queue L ength ver sus | nspection
Ratefor 1,900 MTMs.
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Based on these results, the researchers judged the optimal inspection rate to be 110 trucks/hour
for afleet size of 1,900 MTMs. The same method of analysis was performed for fleet sizes of
1,700, 1,800, and 2,000 MTMs. Table 3.4 lists the optimal inspection times for each case,
including total system times and minimum MTM inventory levels. Whereas a fleet size of a
least 2,100 MTMs was recommended in the original model, the new model shows that much
smaller fleet sizes can be used when a properly chosen inspection rate regulates the flow of
pallets to the MTM loading station.
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Figure 3.11. Total Timein the System versus Inspection Rate for 1,900 M TMs.

On the other hand, Table 3.4 also shows that, while optimal inspection rates can be developed for
avariety of MTM fleet sizes, the total shipping time may be substantially increased asthe MTM
fleet size is reduced. For example, by reducing the fleet size from 2,000 MTMsto 1,900 MTMs,
shipping times from Laredo to Dallas will increase by 93 minutes and shipping times from
Dallas to Laredo will increase by 47 minutes. An MTM fleet size of 2,000 MTMs provides the
best operating performance of all choices since the shipping times are held below 8 hours while
100 fewer MTMs are needed than the original 2,100 MTM estimate. Further analysis of freight
pipeline operations indicated that a fleet size of 2,000 MTMs would require inventory storage
gpace for 1,200 MTMs — the researchers determined this number so that they could better
understand the terminal space requirements.

Texas Transportation Institute 59 Multimodal Freight Transportation Programs



Table 3.4. Optimal Inspection Ratesfor VariousMTM Fleet Sizes.

Maximum Minimum Maximum MTM
MTM | nspection System MTMsIn L oading Queue
Fleet Rate Time Storage Length
Sizz | (MTMghour) (minutes) (MTMs) (MTMs)
SB NB Dallas | Laredo | Dallas | Laredo
1,700 90 640.9 678.4 79.5 5.9 5.9 28.2
1,800 100 549.1 603.9 80.9 15.4 6.6 20.0
1,900 110 509.8 566.3 107.3 49 7.3 9.9
2,000 150 462.9 473.1 59.9 53.9 7.6 8.1

Determining the Required Number of Truck Loading/Unloading Docks

A large number of freight terminal loading/unloading docks will be required to accommodate
trucks that arrive and depart in numbers similar to that assumed in Table 3.2. In order to estimate
the actual size of these facilities, and for inclusion in a cost estimate, the freight pipeline model
was expanded to simulate loading/unloading operations at the truck docks.

Up to this point, all of the previous models had assumed truck loading/unloading at the terminals
to occur instantaneoudly. Also, the number of docks in these models was set to be significantly
larger than necessary so that the simulation results would rot be influenced by this parameter.
However, in order to determine the required number of docks, these parameters (truck
loading/unloading time and number of docks) were redefined as follows:

1. Assume that trucks are loaded/unloaded in 30 minutes.
2. Run the dmulation model using trial numbers of docks to study the effect on truck
gueuing at the terminals.

Since MTM fleet size has no effect on truck loading/unloading operations, one of the cases listed
in Table 3.4 was chosen at random, including the corresponding optimal inspection rate, to
simulate freight pipeline operations using trial numbers of 90, 100, 110, 120, 130, and 140
terminal docks. Table 3.5 lists the waiting times associated with these numbers of docks when
using afleet size of 1,900 MTMs and an inspection rate of 110 trucks/hour. A terminal facility
requiring trucks to wait no longer than 15 minutes to back into a dock was judged as an
acceptable criterion for the purposes of this study, which indicates, according to Table 3.5, that
each freight terminal should be equipped with approximately 110 docks. This table also lists the
total time of cargo in the freight pipeline system; these values are essentially those listed in Table
3.4 plus 30 minutes each for loading and unloading operations.
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Table 3.5. Truck Waiting Times and Total Shipping Times for Various Numbers of
L oading/Unloading Docks (using a fleet size of 1,900 MTMs).

Number of truck unloading/loading bays
90 100 110 120 130 140

Waiti ng Dallas Average 10.6 4.0 1.3 0.3 0.0 0.0
time for Maximum 46.1 23.6 11.7 5.2 2.2 0.5
(un)loading Laredo Average 1.8 0.3 0.0 0.0 0.0 0.0
at terminal Maximum 18.2 6.5 2.0 0.2 0.0 0.0
Totd SB Average 536.5 534.4 534.4 534.3 534.3 534.3
Travel Maximum 573.1 573.3 572.2 572.2 572.2 572.2
Time NB Average 565.5 559.1 547.0 545.4 545.4 545.4

Maximum 633.5 641.8 618.1 618.1 618.1 618.1
SUMMARY

Research on the freight pipeline began with the concept of developing an innovative
transportation facility that can transport freight between Laredo and Dallas. Once the research
team identified a suitable transport mechanism, they proceeded to include issues requiring
greater detail, such as vehicle type, loading/unloading mechanisms, etc. In much the same way,
the freight pipeline simulation model was initialy developed to perform only the fundamental
task of simulating the transport of freight between these two cities. Details related to terminal
operations were added once the basic framework for this model was in place, allowing for a
greater range of operational parameters to be simulated.

Investigations with the basic model determined that two loading docks and two unloading docks
would be required to prevent queues from forming at these facilities. Furthermore, the study
found that approximately 2,100 MTMs would be needed in the system to sustain operations
indefinitely. The inclusion of terminal operations in the simulation model alowed the
researchers to optimize the pallet inspection rate, and to determine the number of truck
loading/unloading docks. This study showed that by using the rate of pallet inspections to
regulate the flow of cargo to MTM loading docks, the preliminary fleet size of 2,100 MTMs
could be reduced.

An inspection rate of 150 truckloads/hour (30 pallets’hour) would require afleet size of only
2,000 MTMs to sustain operations; however, since truck arrivals will occur at fluctuating rates,
providing enough MTMs to accommodate peak arrivals will result in alarge inventory of MTMs
when fewer trucks arrive at the terminals. Simulation of a 5-day operational cycle indicated that
storage space would be needed to accommodate 1,200 MTMs. This simulation also found that
the maximum MTM gueue at the inspection stations and MTM loading stations would be 200
and 10 pallets, respectively.

The number of inspection stations required to process pallets at a specified rate can be
determined once areliable rate for one inspection station has been identified. For example, if an
inspection rate of 150 truckloads/hour is required and available technology will only allow
pallets to be inspected at arate of 50 truckloads/hour, then the terminals will need to be equipped
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with three inspection stations. The simulation of terminal operations also indicated that
approximately 110 truck loading/unloading docks would be required at each terminal in order to
keep truck queue times under 15 minutes.

Much of the above information has been used to estimate costs of the freight pipeline terminals.
MTM storage space, numbers of manufactured MTMs, truck loading/unloading docks and floor
space, and pallet queue space are al used in Chapter 4 to estimate capital construction costs for
the freight pipeline.

Texas Transportation Institute 62 Multimodal Freight Transportation Programs



CHAPTER 4: ECONOMIC ANALYSIS

INTRODUCTION

The rationale for constructing a freight pipeline should be supported by a cost-benefit analysis
that compares favorably to that of competing transportation modes. Specifically, the approach to
this analysis should compare the value of a freight pipeline to the value of constructing

additional highway lanes that would support the same truck traffic. In order to develop such an
analysis, the costs and benefits for each aspect of the freight pipeline must be quantified by
considering factors such as construction/operating costs, environmental impacts, freight transport
capacities, and related improvements in the mobility and safety of passenger vehicles.

This chapter describes the means by which the research team prepared the economic analysis and
presents the initia findings of this work. The analysis concludes with a*“most likely” estimate of
the freight pipeline' s value as a transportation facility, and it provides a preliminary risk analysis
that is based on selected cost and operational scenarios. The chapter is arranged into three main
sections, which are:

capital cost estimates
operating cost estimates
cost-benefit analysis

The section on capital cost estimates describes how initial costs have been prepared, and the
second section provides estimates of the annual costs incurred during freight pipeline operations.
Finally, the section on cost-benefit analysis presents the computational methods and results of
the economic analysis.

CAPITAL COST ESTIMATES

The estimate of capital costs for the freight pipeline must be considered as “early” cost estimates,
or even “conceptua screening,” since the scope of this research is to determine its economic
value based on a conceptual rather than detailed design. The expected accuracy of early
estimates are defined by the Association for Advancement of Cost Engineering as—50 percent to
+100 percent for concept screening, and —30 percent to +50 percent for feasibility studies (18).
The Construction Industry Institute defines the accuracy of cost estimates for feasibility studies
(order-of- magnitude estimates) as—30 percent to +50 percent (18).

Early cost estimates may be developed from historical data, or by loosely comparing major
equipment, materials, and construction operations to available unit costs. Given the scope of this
underground freight facility, cost comparisons were made to the most analogous construction
case histories available and/or current unit costs available from industry.
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Conduit Construction

The dimensions of the conduit are governed by the size of freight (or pallets) to be transported
through the pipeline, by the size required for a running surface, and by the clearance required to
minimize drag between the structure and MTM.

In compliance with capacity and aerodynamic specifications, the freight pipeline is proposed to
contain three operating tracks, each capable of transporting a 52-inch wide MTM that requires a
36-inch clearance from the sidewalls of the conduit. The 72-inch tall MTM is assumed to be
elevated a maximum of 12 inches above the conduit floor, with a 36-inch clearance required
between the top of the MTM and the roof of the conduit (19). As aresult, the conduit
dimensions will have an approximate 20-ft width and 10-ft height.

Construction Cost Estimation Method

This early estimate was developed using a generalized method of factored estimating that
incorporates the use of historical costs from other large-scale projects. Part of the real cost will
depend upon details such as pipeline location, special geologic features, decisions to construct
over or under waterways, etc., but the substantial portion of this cost will be based on basic
material costs, earthwork quantities, and constructability of the 450-mile corridor. Considering
the early conceptual stage of design, the research team examined four major transmission
projects to aid in identifying the costs associated with this unique pipeline facility. Two of these
projects, the proposed TGV High-Speed Rail project and the Mary Rhodes Memorial Pipeline,
were designed for construction in Texas. The Central Arizona Project and the proposed San
Diego Aqueduct are Western projects that have been selected for review due to their vast length
and project scope. The application of each project to this study will be discussed in the
following sections.

Texas TGV High-Speed Rail Project

In 1991, the Texas TGV Consortium submitted a franchise application to the Texas High-Speed
Rail Authority seeking approval to construct and operate a high-speed rail facility throughout the
corridors between Dallas, Houston, and San Antonio (2). The preliminary engineering designs
and cost estimates, prepared as part of this application, provide useful information on the
anticipated needs for rail construction along the Interstate 35 corridor. In particular, quantity
estimates of earthwork, trackwork, and right-of-way purchases provide a reasonabl e estimate of
guantities that may be required for construction of the freight pipeline. The scope of the freight
pipeline is similar to this project in the following ways:

construction and grading of avertical alignment for rail facilities
topographic and geotechnical features,

population densities along the I-35 corridor,

pipeline utility relocation requirements, and

location of project facilities in Texas.
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Obvioudly, there are many differences in the design requirements for the freight pipeline and the
high-speed rail project. Major differences include the following:

Continuous trenching is required for the freight pipeline.

Railroad bed construction is not required for the freight pipeline.

Overhead electrical utility relocations are required for catenary-powered high-speed rail
but not for the freight pipeline.

Vertical alignment of the freight pipeline can be located under most waterways.

Length of the freight pipeline is approximately twice the length of the high-speed rail
project.

Construction quantities of relevance to the freight pipeline, obtained from the San Antonio-
Navarro County high-speed rail corridor, are listed in column three of the cost estimate shown in
Table4.1 Construction items under “Earthwork” quantify the tasks required to prepare the
vertical profile of arail facility. Assuming that asimilar vertical profile with comparable
construction requirements is extended throughout the entire 450- mile freight pipeline corridor,
the original high-speed rail quantities have been scaled up to project the earthwork quantities
required for the freight pipeline, aslisted in column four of Table 4.1. All earthwork and
material unit costs, shown in column five of this table, have been obtained from 12- month
average low bid unit prices that are publicly listed by the Texas Department of Transportation
(20). Appendix A lists the unit price of each construction task for TXDOT districts through
which the freight pipeline corridor extends, and includes both the average for these selected
districts and the statewide average.

Table 4.1 also lists estimates directly associated with the freight pipeline conduit, based on
trench excavation dimensions of 24-ft width and 13-ft depth. Construction items under
“Conduit” includes a unit cost for trackwork, bridges, and drainage that encompasses all
construction activities directly associated with the placement of track between two locations. A
$1.5 million per mile estimate is commonly used in the railroad industry for this type of
construction, with an expected range in cost of $150,000 to $1.5 million per mile (2002 dollars).
Including a cost of $1.0 million per mile in this estimate should provide a conservative estimate
of similar rail-related construction tasks for the freight pipeline (21). The maximum dimensions
for concrete box culverts are commonly 10 ft x 10 ft, as listed under statewide unit price
averagesin Appendix A. Consequently, the unit price of the 20 ft x 10 ft box culvert was
determined using cost projections provided by manufacturers, and also by examining the trend in
price per cross-sectional area using the statewide averages for concrete box culverts listed in
Appendix A. Figure 4.1 shows a plot of this trend, or economy of scale, and a projected
manufacturing price of approximately $800 per linear foot (LF). This priceis higher than
industry estimates of $750/LF, so the $800 unit price used in Table 4.1 may represent a high-end
estimate.
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Table4.1. Cost Estimate Based on the M odified High-Speed Rail Project.

Reference : o
Construction Category Unit Quantity Freight P,[I.Ft)e“ne Unit Cost Amount
(HS Rail) Quantity
Mobilization LS 5 $215,000.00 $1,075,000
EARTHWORK
Prepare ROW AC 3,800 7,953 $2,500.00 $19,833,721
Excavation (Roadway) CY 31,965,313 66,904,143 $4.16 $278,321,237
Embankment CY 9,589,594 20,071,243 $5.00 $100,356,216
Subtotal $398,562,174
Contingency (5%) $19,928,059
Earthwork Total $418,489,233
CONDUI
Trackwork/Bridges/Drainage Ml 215 450 $1,000,000.00 $450,000,000
Structural Excavation (Lg Culv) CY 25,169,760 $9.48 $238,609,325
Concrete Box Culvert (10x20) LF 2,376,000 $800.00 | $1,900,800,000
Backfill STA 23,760 $60.00 $1,425,600
Lime Treated Subgrade (6") SF 52,272,000 $0.92 $48,090,240
Trench Excavation Protection LF 2,376,000 $1.65 $3,920,400
Subtotal $2,642,845,565
Contingency (3%) $79,285,367
Conduit Total $2,722,130,932
LAND PURCHASES & ADJUSTMENTS
ROW (192 ft width) AC 4,996 10,457 $1,000.00 $10,456,744
Trans. Pipeline Relocations LS 80 $2,000,000.00 $160,000,000
Subtotal $170,456,744
Contingency (7.5%) $12,784,256
Land Total $183,241,000
Subtotal — CY 2002 $3,324,936,165
Engineering Design (7%) $232,745,532
Construction Management (3%) $99,748,085
Total Construction Cost $3,657,429,781
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Figure4.1. Projected Unit Pricefor a 20 ft x 10 ft Concrete Box Culvert.

Construction items under “Land Purchases and Adjustments’ in Table 4.1 include the cost of
purchasing right-of-way ROW and the cost of relocating petroleum transmission lines that cross
the anticipated freight pipeline corridor (see Chapter 5 for a description of pipeline relocation
issues). The ROW unit priceis based on average land prices provided by the Texas A&M Real
Estate Center, and the required average width is based on the estimated needs for the high-speed
rail project (22). While the width of ROW required for the freight pipeline may be much less
than 192 ft, this width is used to compensate for cases when purchase agreements can only be
obtained for larger acreage.

Contingencies have been applied to the subtotal for each construction cost category, and
engineering design and construction management fees are calculated as a percentage of the base
cost estimate. The total construction cost for the freight pipeline was estimated to be $3.66
billion, as shown in Table 4.1. The following are considerations to be used in determining the
validity of this estimate:

Trackwork and bridges for rail facilities are usually valued together in lump sums at $1
million per mile. While the ballast and subballast work associated with this cost are not
relevant to pipeline construction, any discrepanciesin this rate should be offset by
unforeseen costs associated with the unique design requirements of the conduit structure
(i.e., arched rather than square structure and related additions to earthwork volumes,
additional reinforcing requirements of the concrete structure, drainage allowances of the
pipeline, etc.).
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The vertical alignment of the freight pipeline will not have the stringent grade restrictions
of the high-speed rail. Even though, reductions in actual earthwork quantities cannot be
determined until an actual pipeline profile is designed for comparison to the existing

topography.

Mary Rhodes Memorial Pipeline

In 1993, construction began on a 66- inch water pipeline from Lake Texanato Corpus Christi
following the city’ s purchase of 41,840 acre-feet of water per year from the Lavaca-Navidad
River Authority. The 101- mile pipeline was completed in one year at a cost of $127 million, and
it is designed to meet Corpus Christi’s projected growth in water demand through the year 2050
(23).

Based on the construction requirements and project scope of the Mary Rhodes pipeline, and
since the project has been built in Texas, this facility is a reasonable choice to provide an order-
of- magnitude estimate for the freight pipeline. For example, many of the same rivers that will
need to be crossed by the freight pipeline were crossed by the Mary Rhodes facility using an
open cut construction method. The similarities in scope for these two projects are summarized
below:

Both projects are Texas facilities

Mary Rhodes pipeline required seven open river cuts, an approach that may be required
for the freight pipeline.

Construction of an underground concrete conduit is required.

Permitting and regulatory compliance standards will be the same

Differences in the design of afreight pipeline and the Mary Rhodes Pipeline include:

Mary Rhodes pipeline uses a 5.5-ft diameter circular concrete pipe, while the freight
pipeline will require a 10 ft x 20 ft box culvert.

Geotechnical properties along the Texas coast will differ from those along the freight
pipeline corridor.

Grade requirements of the vertical profile are different for freight transport and water
transmission projects

Rivers aong the Texas coast are more broad and shallow than may be expected
throughout the Interstate 35 Laredo-Dallas corridor.

Participation by a larger number of construction firms will be required for the 450-mile
freight pipeline than was used by the 101-mile Mary Rhodes pipeline.

The researcher calculated the cost estimate in this scenario using a factor by which the scope of
the Mary Rhodes project could be scaled up to match the scope of the freight pipeline. This
factor was determined by comparing differences in the cost of concrete structures and excavation
costs. Considering a $200/LF unit price of a 66-inch concrete pipe, meterial costs for the freight
pipeline should be approximately four times that of the water pipeline ($800/LF for a 10 ft x 20
ft concrete box culvert). Similarly, structural excavation for the water pipeline is approximately
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$19.66/LF while that of the freight pipeline will be approximately $100.42/LF, or five times the
cost of the water pipeline. Based on these calculations, the overall project cost of the Mary
Rhodes pipeline was scaled up by afactor of five, as shown in Table 4.2. The 1993 project cost
was then adjusted to 2002 costs using a 2 percent rate of inflation over a 9-year period. Finaly,
acost for trackwork, bridges and drainage was added to the current year scaled estimate to
obtain the total construction cost for the freight pipeline. As shown in Table 4.2, this method
resulted in a construction estimate of $3.85 hillion.

Table4.2. Cost Estimate Based on the Mary Rhodes Pipeline.

Category |  Amount
Mary Rhodes Pipeline (66-in. Pipe
Total 1993 Cost $127,000,000
Length of Project 101 mi.
Cost per Mile $1,257,426
Freight Pipeline Conduit (10" x 20' Box Culvert)

Conduit Length 450 mi.
Estimated 1993 Cost using 66-in. Pipe $565,841,584
Increase in Scope Factor 5
Estimated 1993 Cost using 10' x 20" Box Culvert $2,829,207,921
Present Value Factor (2002) 1.2
Estimated 2002 Cost using 10" x 20" Box Culvert $3,395,049,505
Trackwork/Bridges/Drainage $450,000,000

Total Construction Cost | $3,845,049,505

Central Arizona Project

In 1993, the U.S. Bureau of Reclamation completed the construction of a 336-mile aqueduct
extending from Lake Havasu to Tucson, Arizona. This cana was lined with 3.5-inch concrete,
some of which is reinforced with steel, and built to dimensions of 16.5-ft depth, 80-ft top width,
and 24-ft bottom width. The $3.6 billion project is capable of transporting an average of 1.5
million acre-ft of Colorado River annually (24).

The Central Arizona Project was used to provide an order-of- magnitude estimate for the freight
pipeline due to their similarities in project lengths, earthwork volumes, and concrete construction
requirements. For example, the perimeter of the agueduct is lined with 90 ft of concrete, and the
freight pipeline will use a 10 ft x 20 ft box culvert with a 60-ft concrete perimeter. At an
excavation quantity of 32 square yards, the freight pipeline will require approximately one-third
of the 98 square yards required by the Central Arizona Project. Features of the two projects are
similar in the following ways.

They are both large-scale trench construction projects.

Texas and Arizona have similar construction costs.
Basic dimensions of freight pipeline and aqueduct trenches are similar.

Texas Transportation Institute 69 Multimodal Freight Transportation Programs



Differences between the freight pipeline and the Central Arizona Project include:

Freight pipeline uses a box culvert while the agueduct uses a concrete lined channel
Terrain and geotechnical properties will be different at each location
Higher number of pipeline relocations should be anticipated for the freight pipeline

For the purposes of this estimate, construction of the aqueduct was judged to require twice the
work of that for the freight pipeline. Accordingly, the base cost of the freight pipeline should be
approximately one-half the cost of the Central Arizona Project, as adjusted in Table 4.3. No
adjustmert was made for differences in project location due to similarities in construction costs
for Arizona and Texas, but the 1993 project cost was modified to reflect 2002 costs using a 2
percent rate of inflation over a 9-year period. Finally, a cost for trackwork, bridges and drainage
was added to the year 2002 estimate to obtain the total construction cost for the freight pipeline.
As shown in Table 4.3, this method resulted in a construction estimate of $3.34 billion.

Table 4.3. Cost Estimate Based on the Central Arizona Project.

Category |  Amount
Central Arizona Project
Total 1993 Cost $3,600,000,000
Length of Project 336 mi.
Cost per Mile $10,714,286
Freight Pipeline Conduit (10" x 20' Box Culvert)
Conduit Length 450 mi.
Estimated 1993 Cost using Arizona Agueduct $4,821,428,571
Reduction Factor for Decrease in Scope 0.5
Estimated 1993 Cost using 10" x 20' Box Culvert $2,410,714,286
Present Value Factor (2002) 12
Estimated 2002 Cost using 10" x 20' Box Culvert $2,892,857,143
Trackwork/Bridges/Drainage $450,000,000
Total Construction Cost | $3,342,857,143

San Diego Aqueduct

Studies are currently being conducted to determine the feasibility of constructing a new 100-mile
agueduct from the Colorado River to San Diego County and coastal Bgja California. All but one
of the 10 alternatives under consideration will cost about $1.6 billion and will require the
construction of several miles of tunnels (25). The San Diego aqueducts are typically constructed
with 4- to 9- ft diameter segmental concrete pipe (26).

Of all the projects under consideration in this cost analysis, the San Diego Aqueduct shares the
least in common with the freight pipeline facility. Nevertheless, the fact that this feasibility
study is currently underway should provide a valuable perspective on the potential cost of new
large-scale transmission projects, and it can provide some perspective on the maximum
construction cost of the freight pipeline conduit.
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Table 4.4 shows the construction cost of the freight pipeline conduit based on the estimated cost
of the San Diego Aqueduct. The cost projection is reduced by 20 percent to adjust construction
costs in California to those in Texas. As in each of the other analyses, the trackwork, bridges,
and drainage cost was added to the base cost in order to obtain the total construction cost for the
freight pipeline. This estimate, as shown in Table 4.4, resulted in a construction cost estimate of
$4.05 hillion.

Table4.4. Cost Estimate Based on the Projected Cost of the San Diego Aqueduct.

Category | Amount
California Aqueduct (72-in. — 96-in. Pipe)
Total 2002 Estimated Cost $1,000,000,000
Length of Project 100 mi.
Cost per Mile $10,000,000
Freight Pipeline Conduit
Conduit Length 450 mi.
Estimated 2002 Cost using California Aqueduct $4,500,000,000
Reduction Factor for State Construction Costs 0.8
Estimated 2002 Cost using 10" x 20" Box Culvert $3,600,000,000
Trackwork/Bridges/Drainage $450,000,000
Total Construction Cost | $4,050,000,000

Other Considerations

The research team considered potential cost-saving measures in the conceptua design of the
freight pipeline, such as the benefit in building the conduit above ground throughout sparsely
populated portions of the conduit corridor. An analysis of this approach was determined to have
little or no impact for the following reasons:

Trenching costs only represent about 7 percent of the total conduit construction cost
prepared in Table 4.1, which suggests that cost savings would be minimal.

The Laredo-San Antonio corridor would most likely be the best candidate for a sparsely
populated corridor, but also has a semi-arid climate (Figure 31 of Year 2 report).
Potentially, the high soil suction in this region could magnify the natural expansion of
surface soils during rains, which, without substantial soil and drainage improvements,
may affect the track profile of the freight pipeline.

All sections of the freight pipeline will benefit by burying the conduit below the soil
moisture zone that is influenced by the evaporation/transpiration process, which lies at a
depth of approximately 9 ft. A constant soil moisture content will help to stabilize the
conduit foundation and maintain the integrity of the track profile.

Furthermore, Redden, Selig, and Zaremsbki identified the stiff track modulus as a major concern

in the Alameda Corridor Trench, where a ballasted, concrete tie track is supported on a concrete
floor (27). This configuration increases the potential for a reduced service life of concrete ties,
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rail, rail fasteners, rail pads, and balast due to the effects of dynamic loading. However, the
effects of dynamic loading for the freight pipeline should be minimal for the following reasons:

The suspension system of the MTM will be designed to attenuate any dynamic forces.
Each whedl of afully loaded MTM (4,750 Ib/whesl, at 1/4of 12,000 |b laden and 7,000 Ib
MTM tare weights) will support approximately 14 percent of the load that is supported by
the whedl of a standard railroad car (33,625 Ib/wheel, at 1/8 of 269,000 Ib load limit).

The geometry of the freight pipeline running surface will be smooth and continuous, and
The smooth operation of MTMs will eliminate starts and stops associated with railroad
operations.

Summary

Construction costs for other large transmission projects have been examined to prepare a cost
estimate of the freight pipeline conduit at the order-of-magnitude level. A more accurate
estimate of this project can be prepared once a preliminary design of the conduit has been
completed. Even so, the fact that each of these estimations has produced similar results should
indicate that thisfirst estimate can be reliable at the —30 percent to +50 percent level. Figure 4.2
provides a summary of the estimations that resulted from the study of the four projects discussed
in earlier sections, with an average estimate of $3.73 hillion and a standard deviation of $0.26
billion.

$4.05 Billion

N

$3.85 Billion
$3.67 Billion

$3.34 Billion

N w

[

Construction Cost ($ Billions - Year 2002

TGV High-Speed Rail Mary Rhodes Pipeline San Diego Aqueduct Central Arizona Project
Corridor Corridor (Aqueduct)

Figure4.2. Summary of Construction Cost Estimates for the Freight Pipeline Conduit.
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Terminal Construction

Freight terminals will be located at each end, and possibly at intermediate |ocations, of the
freight pipeline for the purpose of receiving and discharging palletized cargo. These facilities
must operate in away that accommodates the projected peak arrival and departure rates of
MTMs within the conduit, and loads/unloads MTM cargo in 30 seconds. Inasmuch, each of the
terminals functional requirements (page 11 of the Year 2 report) must be designed to meet these
criteria. Asreview, the functional requirements of the terminal facilities are to:

provide terminal roadways, terminal sidings, or rail yardage to reach termina
loading/unloading areas;

provide truck and rail parking areas for access to terminal loading bays,

ingpect and classify the security condition of each pallet that enters the pipeline;
adequately queue each pallet to the MTM for transport through the conduit system;
identify pallets unloaded from the MTM and distribute them to the correct truck or rail
loading aress,

provide storage and maintenance facilities for MTM units;

provide rest facilities for truck operators; and

provide temporary warehousing for cargo.

A reliable cost estimate of the freight terminals must consider each of these functional
requirements; although, many of these issues will have arelatively small impact on the overal
cost of the freight pipeline. In addition, the need for some termina components, such as rail
yardage and terminals located at intermediate locations, cannot be established without further
input from industry.

General Planning Considerations

A large number of planning scenarios can be developed to accomplish the goals of the freight
pipeline, but many of these ideas may be most valuable as expansions or secondary alternatives
to theinitial pipeline facility concept. For example, multiple smaller terminals may best serve
the freight distribution needs in the Dallas area, but additional costs would also be incurred by
increasing the length of conduit construction to provide service to these additional facilities. The
following subsections discuss some major planning considerations for the freight pipeline.

Rail Access. Depending on the demand by railroad companies for access to the freight
terminals, significantly larger areas of land would be required to construct railroad spurs that
adjoin warehouses. The industrial development division of prospective railroad companies
would need to be consulted for proper planning on the size and location of the terminal facility.
Several issues that would need to be addressed are:

the number of participating railroad companies;

shipping volume projections of each railroad company;
track spacing, clearance, and alignment design standards of each railroad company;
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terminal locations in areas that minimize at- grade railroad crossings, yet provide access
to main lines

requirements for switching tracks, sidings, and yards; and

acquisition of raillroad ROW

The access needs of railroad companies would be used in the terminal design to determine the
required amount of terminal loading/unloading space that is to be dedicated to rail, and to
estimate the additional land required for rail service. Each of these factors could have a
significant impact on the cost of the terminal facility.

Multiple Terminals. The use of multiple smaller terminals, rather than one large
terminal, may be a preferred aternative at either end of the freight pipeline; although, the
enormous size of the Dallas-Fort Worth area makes this terminus the most likely candidate for
such a scenario. Individual terminals may be located near rail or trucking facilities,
manufacturing and distribution facilities, or highways. Furthermore, the area encompassed by
the multiple terminals could consist of a small area, such as alarge industrial park, or throughout
an entire city. To more thoroughly present the potential of the multiple-terminal concept, the
following cases are considered:

The Fort Worth Alliance Industrial Park is a master-planned development that caters to
businesses involved in international trade and logistics by providing air, rail, and highway
access. Freight pipeline terminals could be constructed at manufacturing and distribution
facilities within the park so that shipments bound for Mexico could be sent directly to
Laredo or, if the pipeline were extended, to assembly plants in Monterrey, Mexico. A
separate terminal for freight not associated with the industrial park could be constructed
to process shipments arriving from, or destined for, other regions of the United States.
Freight terminals could be constructed throughout the Dallas-Fort Worth areain locations
that best suit the needs of individua trucking companies. The development of multiple
terminals within this area could also serve as an intra- urban distribution system, whereby
freight is transported within the confines of the Metroplex. Alternatively, the location
criteria could be based on the direct access to facilities of different railroad companies.
Multiple terminals could be constructed within one freight terminal site. This design
would provide a great deal of autonomy to participating trucking companies while
minimizing the operational complexity of the freight pipeline terminals.

Intermediate Terminals. The scope of services provided by the freight pipeline will
determine the need for terminals located at intermediate sites, such as Austin, San Antonio, or
Waco. Thislevel of service will be dependent upon the needs of the trucking industry and the
economics of constructing these terminals.

Site Characteristics. The freight termina should be located near an Interstate or other
major transportation corridor, with terminal roadways and loading/unloading facilities
compatible with the operation of 53-ft trucks. The site should also have relatively constant
topography and require little grade change to access the transportation corridor. In the
Development Profile for Warehouse/Distribution Stes, prepared on behalf of the State of New
Y ork Governor’s Office of Regulatory Reform by Flour Daniel Consulting, a profile was
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prepared on typical features of distribution facilities (28). Among these features are building
sizes between 250,000 to 1,500,000 square feet (sf) on lots no smaller than 50 acres, having an
average capital investment of $55 million.

Storage. Terminal management conditions may infrequently exist when freight arrivals
cannot be immediately loaded onto MTMs, or when freight that has been unloaded from MTMs
cannot be immediately loaded onto trucks. Such situations will require terminal storage space to
hold pallets until they can be processed. There may also be rare cases when atrucking company
mismanages truck arrivals and departures, or loading/unloading tasks, requiring more storage
space than has been allotted to the company. A shared storage area should be developed to
handle this possibility, with demurrage charged to the offending company as a penalty for its use.

Customs Inspection. Innovative alternatives to the inspection of transnational freight
shipments may require additional facilities at the freight terminals. Pre-clearance inspection
methods or a “sealed corridor” designation must be included within the project scope during
early stages of terminal design in order to minimize the time and expense associated with
accommodating these customs inspection facilities.

Construction Cost Estimation Method

As with the costs associated with conduit construction, part of the terminal construction cost will
depend upon details not available at the conceptual design level. Precise knowledge of the real
estate price, the geotechnical conditions and foundation requirements, and the complexity of
required rail or roadway approaches would increase the accuracy of this estimate, but they are
not necessary to prepare an early estimate. The Time, Space & Cost Guide to Better Warehouse
Design, by Napolitano et al, was used as a guide to space requirements and costs for the terminal
facilities, while the Arena capacity simulation model (Chapter 9 of Y ear 2 report) was used to
determine the terminal design criteria, such as the maximum number of palletsin process, the
maximum number of MTMs in storage, and MTM queue lengths (29). Asreview, the smulation
performance parameters of relevance to the terminal spatial analysis are:

MTMs travel as a set of five linked cars.

MTMs travel at a speed of 60 mph

A set of five linked cars are loaded in 30 seconds
Trucks are loaded/unloaded within 30 minutes.

Additionally, this model incorporates a time-dependent arrival rate function, shown in Figure 3.5
of Chapter 3, which describes the anticipated levels of freight arrival at the Dallas and Laredo
terminals. The arrival function is used with the above parameters in the ssmulation of freight
pipeline operations to generate the maximum number of MTMs and pallets in the freight
terminal. These numbers are then used to calculate the approximate floor space required in a
conceptua design of the terminal.
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Terminal Cost Estimate

For the purposes of this report, the freight terminal cost estimate focuses on the conceptual space
requirements of the building, land, and pavement. These requirements have been assessed by
simulating operations of the freight pipeline to obtain maximum pallet inspection queue lengths,
MTM loading queue lengths, and MTM storage requirements. These simulationstatistics, along
with the assumed truck loading/unloading volumes, are summarized in Table 4.5.

Table 4.5. Space Requirementsfor I n-Process Freight.

Activity Maximum Amount
Trucks Loading/Unloading (trucks) 110
Inspection Queue Length (pallets) 6,000
MTM Loading Queue Length (pallets) 300
MTM Storage (MTMs) 1,200

The research team prepared this cost estimate by first calculating the total floor space required to
accommodate the pallet and MTM volumes listed in Table 4.5 (additional space is provided for
possible pallet storage). Summaries of these calculations are presented as the first five maor
categoriesin Table 4.6. Building and sitework costs were then devel oped from these space
requirements, and also are summarized in Table 4.6. Finally, engineering design and
construction management fees are calculated as a percentage of the base cost estimate to obtain a
final cost estimate. The method of estimating each major category is discussed in the
subsections that follow Table 4.6.

Table 4.6. Cost Estimate for a Single Freight Terminal.
Description Unit | Amount
Truck Loading/Unloading Area

Truck Volumes

Trucks Loading/Unloading TRUCK 110
Required Floor Space

Area of One 53-ft Truck Sk 636
Truck Area SF 69,960
Total Loading/Unloading Area (2x Truck Area) Sk 139,920

I nspection Queue Area

Pallet volumes

Maximum Pallets in Queue PALLET 6,000
Required Floor Space

Areaof One Pdllet SF 16
Areaof Palletsin Inspection Queue SF 96,000
Total Inspection Area (4x Pallet Inspection Queue) Sk 384,000

MTM Loading Queue

Pallet Volumes

Maximum Pallets in Queue PALLET 300
Required Floor Space

Areaof One Pallet SF 16
Areaof MTMsin Loading Queue SF 4,800
Total MTM Loading Area (2x MTM Loading Queue) | SF 9,600
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Pallet Storage Area
Area for Normal Operations
Pallet Storage Area (0.2x Loading/Unloading Area) SF 27,984
Area Qubject to Demurrage
Pallet Storage Area (0.2x Loading/Unloading Area) Sk 27,984
Required Floor Space
Total Pallet Storage Area SF 55,968
MTM Storage Area
MTM Volumes
Maximum MTMsin Storage MTM 1,500
Maintenance Work Area MTM 30
Required Floor Space
Areaof OneMTM SF 600
Total Storage Areafor MTMs SF 918,000
Terminal Building Cost
Means Warehouse Cost Data
Average Warehouse Cost $SF 25
Operationa Equipment Cost S 15
Building Dimensions
Total Areaof Termina Building SF 1,507,488
Terminal Building Costs
Total Termina Building Cost $ 60,299,520
Sitework Cost
Cost Data
Land Cost $/ACRE 10,000
Pavement Cost HSF 8
Stework Dimensions
Land Area (3x Areaof Terminal Building) ACRE 104
Pavement Area (6x Truck Area) SF 419,760
Sitework Costs
Land Cost $ 1,038,215
Pavement Cost $ 3,358,080
Total Sitework Cost $ 4,396,295
Engineering Design & Construction M anagement
Subtotal — Terminal $ 64,695,815
Engineering Design (7%) $ 307,741
Construction Management (3%) $ 1,940,874
Total Construction Cost $ 66,944,430

Truck Loading/Unloading Area. The number of truck loading/unloading docks has
been determined using the simulation model discussed in Chapter 3, requiring, in part, the
establishment of a maximum allowable queue time for trucks waiting to unload at the freight
terminals. The growing problem of auto emissions from trucks idling at California ports has led
to the recent passage of Assembly Bill 2650 (May 29, 2002) in the California State Assembly.
The original form of this bill required marine terminals to operate in away that causes truck
engines to idle for no more than 15 minutes, but was later amended by increasing this time to 30
minutes. Given California s historic role in influencing US environmental policy, freight
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pipeline operations were simulated using the same remedial measures by adopting the original
15-minute criterion as a maximum truck gueue time.

The simulation of terminal operations indicated that approximately 110 truck loading/unloading
docks would be required at each terminal to keep truck queue times under 15 minutes. This result
is based on the assumption that trucks will be able to load or unload freight within 30 minutes.
The design truck is 53 ft in length and, for simplicity, al spatial measurements relating to trucks
are 53 ft x 12 ft, or 636 SF. Trucks at the terminal dock are assumed to be separated by one
truck width (12 ft), asillustrated in Figure 4.3. Therefore, the total loading/unloading areais
estimated to be twice the total area occupied by trucks, or 139,920 SF.

Truck Parking Area

12 ft.

12 ft.

53ft. ! w 3 53 ft. w —
! 110 Truck
! ! ! ' Capacity

|
Truck A || | TruckB ] ! Truckc...
! i

Terminal Loading/Unloading Area

Figure 4.3. Conceptual Spacing Allowance for Truck L oading/Unloading.

Inspection Queue Area. Results from the pipeline smulation model indicate that there
will be a maximum of 6,000 pallets in the inspection queue. Since the floor space of one palletis
16 SF, the floor space for all palletsin this queue will be 96,000 SF. An area of 16 SF on each
side of the pallet should provide adequate space for inspection operations, as illustrated in Figure
4.4. This assumed spacing requires the provision of four times the floor space as that of the
pallets in queue, resulting in an estimated inspection area of 384,000 SF.
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Palet A
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Inspection Processing

Pallet B
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Pallet E

PalletF...

Figure 4.4. Conceptual Spacing Allowance for Pallet I nspection.

MTM Loading Queue. Results from the pipeline smulation model indicate that there
will be amaximum of 300 paletsin the MTM loading queue. Since the floor space occupied by
one pallet is 16 SF, the floor space for al pallets in this queue will be 4,800 SF. Palletsin the
loading queue will most likely progress side by side in rows that are separated by a distance
equal to the width of one pallet, asillustrated in Figure 4.5. Therefore, the total space required
for the MTM loading queue is estimated to be 9,600 SF.

_—

MTM Loading
Pallet A Pallet B PdletC
Pallet D Pallet E Pallet F...

Figure 4.5. Conceptual Spacing Allowancefor MTM L oading.
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Pallet Storage Area. The amount of pallet storage space in the freight terminal can, to a
large degree, be based on the level of service desirable. The ability to attract shipping customers,
the margin of safety for extreme operating conditions, and allowances for future growth may all
determine the level of service provided by the facility design. For the purposes of this cost
estimate, a pallet storage area has been assumed to equal 40 percent of the total truck
loading/unloading area. Part of the storage area should be made available to shippers as part of
normal operations, while the remaining portion of this area should be reserved for circumstances
that arise as a result of shipping mismanagement and which are subject to demurrage. This
estimate assigns 27,984 SF, or 20 percent of the loading/unloading area, to each type of the two
storage aresas.

MTM Storage Area. Simulation results indicate that there will be a maximum of 1,200
MTMs in storage during the course of normal pipeline operations. Also, as mentioned in Chapter
2, the required MTM fleet size will be increased by 15 percent (300 MTMSs) so that MTMs can
be serviced without reducing the system’s operational capacity. The additional space required for
personnel to perform these maintenance activities is estimated to be equivalent in size to 30
MTMs, which infers that the MTM storage area should be the size of 1,530 MTMs. A single
MTM will have alength of 150 ft (fives times that of an individual 30-ft car) and awidth of 4 ft,
or afloor space of 600 SF. Based on this analysis, the total MTM storage area should be 918,000
SF.

Building Cost. The total area of the terminal building equals the sum of the terminal
space requirements discussed in each of the previous five subsections (Truck
Loading/Unloading, InspectionQueue, MTM Loading Queue, Pallet Storage, and MTM Storage)
equals 1,507,488 SF. A terminal of this size will most likely be atilt-wall facility that costs
approximately $25/SF — this estimate is strictly based on the experience of companies that
specialize in tilt-wall construction (Shepler’s Supply Co. and E.E. Reed Construction Co., both
in Houston, Texas). An additional cost is included in this estimate to account for the
infrastructure required for warehouse operations, such as inspection, loading, and MTM routing.
The cost for operational equipment has been estimated at 60 percent of the building construction
cost, or $15/SF. Given these cost estimates, the total cost of each terminal building is estimated
to be $60,299,520.

Sitework Cost. The acreage required to support the pipeline terminal has been
approximated to be three times the area of the terminal building, as suggested in The Time,
Space & Cost Guide to Better Warehouse Design (12). This approach is recommended for the
allowance of atruck yard, automobile parking, and 100 percent building expansion. Of course, if
rail access to the terminal must be provided, as discussed in this chapter under “General Planning
Considerations,” participating railroad companies would need to be consulted so that sufficient
acreage for rail spurs or yards can be provided. Based on the area of the terminal building, 104
acres should be provided for the terminal site, the cost of which is approximately $1,038,215 at a
land cost of $10,000/acre (6). Pavement construction has also been included in this estimate as a
significant cost item by assuming a pavement surface area that is three times the total truck
loading/unloading area, or 419,760 SF. The cost of the pavement volume is estimated to be
$3,358,080, based on an initial TXDOT statewide average unit cost of $3.44/SF for 10-inch joint-
reinforced concrete pavement, and then increasing this cost to $8/SF for the provision of
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earthwork and soil stabilization tasks (20). Given these assumed costs, the total sitework cost has
been estimated to be $4,396,295.

Engineering Design and Construction Management. The cost estimate for
engineering design is calculated as a percentage of the total construction cost. While other
methods of compensation for design services may be more common, thisis a reasonable
approach to calculating fees for innovative facilities such as the freight pipeline. The percentage
istypically based on adliding scale that ranges from 5 to 12 percent, with lower portions of the
scale being used as the construction cost increases (18). This freight terminal estimate calculates
the cost of engineering design at 7 percent of the total costs for building and sitework
congtruction. The total cost for building and sitework, listed in Table 4.6 as “ Subtotal —
Termind,” is $64,695,815; and the engineering design cost at 7 percent of the sitework cost is
$307,741. In addition, a construction management fee has been included at 3 percent of the
$64,695,815 subtotal, for a cost of $1,940,874.

Total Construction Cost. Thetotal construction cost of a single freight termina equals
the sum of the costs for building and sitework, engineering design, and construction
management. As shown in Table 4.6, this cost is $66,944,430.

Summary

The cost estimate for a single freight terminal considers the space and facilities required for 53-ft
trucks that arrive at arate of 140 trucks/hour to transfer pallets from the loading/unloading dock
to MTMs in the pipeline facility. The conceptua building requirements account for each of the
following:

loading/unloading dock space,

ingpection and MTM loading queues that develop during normal pipeline operations,
working space for pallet inspection,

pallet processing equipment,

MTM storage, and

short-term pallet storage.

Furthermore, this estimate considers the acreage and sitework that is required to support terminal
operations. The conceptual site requirements account for each of the following:

sufficient acreage for building and parking areas,

pavement areato simultaneously support the arrival or departure of 140 trucks
additional acreage to accommodate future expansion, and

pavement volume for truck access to the terminal.,

The research team estimated each freight terminal to be a 1.5 million SF facility situated on 104
acres of land at atotal cost of $65 million. In comparison, the Development Profile for
Warehouse Distribution Sites describes the typical distribution facility as 0.25 to 1.5 million SF
facilities situated on at least 50 acres of land at an average total cost of $55 million (28). The
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similarity of the estimated costs and space requirements for the freight terminal to that of this
distribution center profile suggests that the freight terminal estimates are reasonable.
Furthermore, similar facilities have been constructed in Texas, such as the 1.2 million SF JC
Penney Alliance Logistics Center near Fort Worth. A more accurate cost estimate for each
terminal can be developed as the project progresses from the conceptual stage to preliminary
design.

Manufactureof MTMs

The ssmulation of freight pipeline operations concluded that afleet size of approximately 2,000
MTMs would be required to sustain operations indefinitely. This fleet size will aso be increased
by 15 percent (300 MTMSs) so that MTMss can be serviced without reducing the system’s
operational capacity. At aunit cost of $210,000/MTM, as reported in Chapter 2, the total
manufacturing cost of the MTM fleet will be $483 million.

Design and I nstallation of the Command, Control, and Communications System

Due to the nature of computer systems engineering and design, the development of functional
concepts in this research does not provide the information required to prepare a cost estimate.
However, a cost estimate for the C3 system has been prepared by comparing the freight
pipeline’ s system needs to the cost and capability of computer systems that have already been
developed. Table 4.7 lists the capital cost of existing systems that the researchers reviewed as
part of this study.

Table4.7. Capital Costsfor Selected Computer Systems.

Proj ect | Cost
Train Control Systems
Commuter Rail (CR) @ $300,000/mile $135,000,000
High-Speed Rail (HSR) @ $600,000/mile $270,000,000
Air Traffic Control Systems
Germany Air Traffic Control System (GATS) $20,000,000
Saudi Arabia Air Traffic Control System (SAATS) $30,000,000
Military Applications
Navy Fleet C4l System Upgrade (Navy Fleet) $98,100,000
Army Wide Range C412SR System (Army C4I12SR) $300,000
Army Missile Defense (Army Missile) $59,100,000
Navy RCS and C4l Integration (Navy C4l) $82,300,000
Marine Corps CAC2S System (Marine CAC2S) $160,000
War ehouse Systems
Automated Material Handling System (AMHS) | $100,000
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Cost Estimate Correlation

A reasonable cost estimate was devel oped by comparing the scope of each system shown in
Table 4.7 to that required by the C3 system of the freight pipeline. The cost of systems that
consist of some combination of command, control, and communications functions will vary
depending on the amount of physical infrastructure support. For example, railroad control
systems will require substantial physical infrastructure such as radio towers, buried cable, and
wayside signaling devices. On the other hand, some systems, such as the freight pipeline, will
primarily involve the development of sophisticated software/computer operations.

Complexity of design was also given consideration in the cost estimate since infrastructure
intensive projects typically incorporate time-tested designs and equipment into the system;
whereas, systems that are intensive in software/computer operations may require considerably
more effort to produce. Finally, the scope of each system was evaluated to identify the range of
functions performed by the computer system. Based on these criteria (scope, complexity, and
project type), each of the systemsin Table 4.7 was ranked according to the guidelines provided
in Table 4.8.

Table 4.8. Infrastructure I ntensity Rating Scale for Selected Computer Systems.

Rating Scope Complexity Project Type
1 Very Narrow | High Software/Computer System Intensive
2 Narrow Medium to High | Primarily Software/Computer System
3 Broad Medium to Low | Primarily Infrastructure Intensive
4 Very Broad Low Infrastructure Intensive

The relevance of scope, complexity, and project type was factored into the cost estimate
correlation by assigning weighted values (percents) to each of the above criteria. This analysis
weighted the criteriain the following proportions:

Project type = 45%
Complexity = 35%
Scope = 20%

Table 4.9 lists each of the projects presented in Table 4.7 with the initial ratings for scope,
complexity, and project type, as well as weighted rankings and weighted sums. The rating scale
assigns the highest rating (rating = 1) to the descriptions that best represent the scope of the
freight pipeline. The Army Missle Defense system, at a cost of $59.1 million, was used to
approximate the cost of the freight pipeline system since this project has the highest weighed
sum ranking, as shown in Table 4.9.
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Table 4.9. Correlation of Selected Computer Systemsto the Freight Pipeline C3 System.
Scope Complexity Project Type Weight System
System Rating | Weight | Rating | Weight | Rating | Weight | " g & Cost
(20%) (35%) (45%) ($million)
CR 2 0.4 4 14 3 14 3.15 135
HSR 2 0.4 3 11 3 14 2.80 270
GATS 2 04 2 0.7 2 0.9 2.00 20
SAATS 1 0.2 2 0.7 2 0.9 1.80 30
Navy Fleet 3 0.6 2 0.7 1 0.5 175 98.1
Army C412SR 4 0.8 1 0.4 2 0.9 2.05 300
Army Missle 2 0.4 2 0.7 1 0.5 155 50.1
Navy C4l 3 0.6 2 0.7 1 0.5 175 82.3
Marine CAC2S | 3 0.6 2 0.7 1 0.5 175 160
AMHS 2 04 4 14 2 0.9 2.70 0.1

OPERATING COST ESTIMATES

In addition to the capital costs discussed above, annual costs will be incurred through operation
of the freight pipeline. The substantial portion of these operaing costs will be comprised of
expenses related to:

labor,

energy, and
component replacement.

The magnitude of operating costs is relatively small compared to capital costs.

Conduit and Terminal Operations

The conduit operating cost is based on a $10,000/mile-year conduit maintenance cost that, for a
450-mile facility, will require an outlay of $4.5 million/year. Personnel costs have also been

included by assuming that a staff of 125 people will be employed at an average rate of

$50,000/year for atotal cost of $6.25 million/year. A $1.0 million/year office and overhead cost

has been added to the $4.5 million/year maintenance cost and $6.25 million/year personnel cost

for atotal conduit operating cost of $11.75 million/year. In addition, a $2.0 million/year terminal
maintenance cost has been included by assuming a unit cost of $1.0 million/terminal-year.

MTM Maintenance

The design and manufacture of MTMs must be of very high quality in order to provide the
99.995 percent reliability specified in Chapter 2. Even so, some MTM maintenance will be
required, and the cost of this maintenance will be a function of the miles traveled and the loads
carried by the MTMs. The section entitled “Energy Consumption” describes how MTM energy
cost is based on these same two parameters, so the MTM maintenance cost has been cal culated
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as a function of the energy cost. The economic analysis in this report uses 5 percent of the energy
cost for MTM operations ($2.34/truck).

Command, Control, and Communications System Maintenance

Annual costs associated with the operation of the C3 system should be a small fraction of the
capital cost. Annual costs of operating the freight terminals and MTMs, which are infrastructure
intensive components, have been estimated to be approximately $2 million. Since software
systems should be relatively inexpensive to maintain, an annual cost of $1 million has been
assumed for the C3 system in this study.

Energy Costs

Energy-related costs in this report focus on two important issues, namely, the electricity costs
incurred by ongoing freight pipeline operations and the loss in fuel tax revenue that would
otherwise be received by the state. These topics are discussed in the next two sections.

Energy Consumption

The use of linear induction motors to propel MTMs requires that they be powered by electrical
energy. Electricity will also be needed to power termina operations and to power the C3 system.
Furthermore, Chapter 3 discusses the need to reallocate some empty MTMs back to the original
terminal since the numbers of trucks arriving at each termina will be different. This process will
also require electrical energy, but will require less propulsion energy than a fully loaded MTM.

The Year 2 report summarizes the energy requirement for the linear motors of an MTM
operating at constant speed as shown in Equation 4.1.

Energy/ MTM :1.54ﬂ +0.0072 kwh

mile ton- mile (Eq. 4.1)

As discussed in Chapter 2, the weight of an MTM is 35,000 Ibs (17.5 tons) and the maximum
weight of atruck’s cargo is approximately 50,000 Ibs (25 tons). Consequently, a fully loaded
MTM will have a maximum weight of 42.5 tons, and the energy required for a fully loaded
MTM to travel from Laredo to Dallas can be calculated as:

= 450m 2154M +425t0ns8.0072—WN_ A _ 630 7wh
e

Energy/ MTM e
¥ mi. e ton- mi. ;z}j

450miles/loaded

Also, the energy required for an empty MTM traveling this same 450 miles can be calculated as:

= 450mi 554" 17 5t0n0.0072— 1N 749 740w

é mi. e ton - mi.%

Energy/ MTM

450miles/ unloaded
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The shipment of both loaded and empty MTMs is afunction of the number of trucks that use the
freight pipeline. The truck arrival rate function presented in Chapter 3 shows that approximately
17 trucks deliver freight to the Dallas terminal for every 13 trucks that deliver freight to the
Laredo terminal. In other words, 57 percent (17 out of 30) of the trucks arrive at the Dallas
terminal and 43 percent (13 out of 30) arrive at the Laredo terminal. This indicates that 14
percent (57% less 43%) of the MTMs that travel through the freight pipeline must be sent back
to the originating terminal empty. As a result, the total energy consumption (Et) for MTM
operations can be expressed as a function of numbers of trucks using the facility by Equation 4.2.

E; = (#trUCkS)[(Energy/ MTM ssamiessioacea) + (0-14)(Energy/ MTM somiies/unioaded )] (Eq. 4.2)

Substituting the values calculated above gives:
ET = (#trucks)[(830.7kwh) + (0.14)(749.7kwh)] = 935.7kwh(#trucks

In this study, an electricity rate of $0.05/kwh is assumed, which means that the cost of shipping a
single truck’s cargo through the freight pipeline will be $46.79.

The electricity cost for operating the freight terminals and C3 equipment will not be well
understood until preliminary engineering designs are completed. For the purposes of this study
the assumption has been made that these costs will be approximately one- half of the annual
MTM operating cost.

Lossin Fuel Tax Revenue

The state receives an excise tax of $0.20/gallon on the sale of diesel fuel in Texas (30).
Consequently, the removal of trucks from the highway system will result in aloss of revenue
with which TxDOT could construct or maintain transportation facilities. While some of this fuel
would be purchased outside of state borders, the cost-benefit analysis assumes that lossesin
revenue will equal $0.20 for each gallon of gasoline not consumed by diverting trucks to the
freight pipeline.

Truck fuel efficiency has not changed significantly since 1979, so the current truck fuel rate of
5.8 miles/gallon can be used as a reasonable predictor of fuel consumption (31). Based on this
assumption, $0.20 in tax revenue will be lost for each 5.8 miles not traveled by trucks along the
Laredo-Dallas corridor ($0.0345/mile).

COST-BENEFIT ANALYSIS

The conceptual design of afreight pipeline facility is being pursued for the purpose of
developing a transportation system that provides greater benefits than the traditional method of
accommodating growth in truck traffic, which is to construct wider and greater numbers of
highways. Specifically, this research has focused on the design of a system that provides greater
benefits to society by reducing the marginal costs associated with each additional increment of
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truck travel (i.e., reducing pollution, congestion, etc.), and the success with which thisis done
requires a suitable means of evaluating the proposed solution.

The Office of Management and Budget recommends the use of cost-benefit analysisin the
evaluation of government projects, where the net benefits to society, not just the costs and
benefits to the government, are the basis for evaluation (32). The cost-benefit analysis should
determine the “net present value” of an alternative to identify its worth, and this method is
therefore the method adopted in this research. Whereupon, each of the sections below contributes
to the understanding of how net present value calculations were prepared in this report.

Project Costs and Benefits

Cost-benefit analyses are commonly used to estimate and evaluate the net benefits associated
with infrastructure projects such as the freight pipeline facility (33). In public projects, thistype
of analysis should examine the change in social well-being created by the decision to implement
aproject relative to some baseline scenario (e.g., the decision to do nothing). This determination
requires that net changes in costs and benefits between the proposed project and the baseline
scenario be used in cost-benefit cal culations — the following sections discuss the means by which
these parameters are applied to the economic analysis of the freight pipeline.

Project Net Costs

An accurate appraisa of net costs for the freight pipeline would include postponement of the cost
of constructing new highways and/or widening existing highways due to the removal of trucks
from the Interstate 35 corridor. This appraisal would first require knowledge of TXDOT’s
construction plans to accommodate I-35 traffic over the 50-year design life of the freight pipeline
project, with a cost estimate assigned to this construction. Furthermore, the number of trucks
diverted to the freight pipeline would need to be deducted from truck traffic forecasts over the
50-year period, and a new cost estimate prepared based on TxDOT’ s modified construction
schedule. The difference between these two cost estimates would be the actual highway
construction cost savings attributable to the operation of afreight pipeline.

The researchers adopted a more practical approach to the cost-benefit analysisin this study that
ignores the cost savings due to a modified highway construction schedule, and simply adds the
cost of constructing afreight pipeline to the “unmodified” cost of highway construction over the
next 50 years. This approach bases the determination of project feasibility on the assumption that
there are no avoided highway construction costs, which provides a worst-case benchmark for the
evaluation.

Project Net Benefits

The net benefits used in this analysis are those benefits (i.e., avoided costs) accrued by the
removal of trucks from Interstate 35. The diversion of truck freight from Texas highways to the
freight pipeline will produce severa benefits that can be generally classified as:
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avoided marginal costs of truck traffic,
avoided trucking industry expenses, and
avoided highway construction costs (assumed to equal zero in this study).

Margina costs of highway use are listed in the Addendum to the 1997 Federal Highway Cost
Allocation Study Final Report, published by the Federal Highway Administration (FHWA) in
2000 (34). These costs were treated as benefits in the freight pipeline study since they are

avoided costs. As discussed in the FHWA report, these marginal costs are defined as follows:

pavement cost: cost of repairing pavement deterioration;

congestion cost: value of additional travel time due to small increments of traffic;
crash cost: medical costs, property damage, lost productivity, pain and suffering
associated with highway crashes;

pollution cost: cost of premature death and illness due to vehicular emissions; and
noise cost: change in value of adjacent properties caused by motor-related noise.

The FHWA has established separate marginal costs for vehicular traffic (automobiles, 40 and 60
kip 4-axle trucks, and 80 kip 5-axle trucks) through both rural and urban areas. The rural and
urban trucking costs for 80 kip 5-axle trucks were selected for use in this research according to
the rates listed in Table 4.10. Even though these costs are reported in Y ear 2000 dollars, they are
used in this research without modification so that the work of the FHWA will not be

mi srepresented.

Table4.10. Marginal Costsof 80 kip 5-Axle Truck Traffic on Highways,
as Published by the Federal Highway Administration (34).

Marginal Costs (2000)
Cost Category Rural Trucking Urban Trucking
($/mile) ($/mile)
Congestion 0.0223 0.2006
Collision 0.0088 0.0115
Pollution 0.0385 0.0449
Noise 0.0019 0.0304
Pavement 0.1270 0.4090

The FHWA has aso prepared a report on trucking industry costs titled Expenses per Mile for the
Motor Carrier Industry (35). In this report, motor carrier expenses have ranged from $1.34 to
$1.51 during the last decade, subject to fluctuations in the price of diesdl fuel. This cost-benefit
analysis uses a trucking cost of $1.40/mile-truck as the cost that trucking companies will avoid
by shipping freight through the freight pipeline.
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Net Present Value Concepts

Net present value (NPV) is amethod of cost-benefit analysis that “discounts’ a stream of
projected costs and benefits to a present value of net benefits (i.e., benefits minus costs) (33).
This method can be expressed by the formula in Equation 4.3, showing that project costs are
subtracted from project benefits in each of the years in which they are incurred, and then they are
discounted back to a present value (33). Discounted net benefits are calculated for each of the
years over the project life, with the net present value calculated by summing these values.

V:BO'C0+Bl' C1+___+Bt'Ct+Bn'Cn
1+d)°  (1+d) @+d)" @+d)", (Eq. 4.3)

where

NPV = Net present value,

Ct = Dollar value of costsincurred at timet,
Bt = Dollar value of benefits incurred at timet,
d = Discount rate, and

n = Life of the project in years.

As expected, society places less value on benefits and costs that occur in the future than if they
were realized today, and less value will be placed on these benefits and costs the more distant in
the future they are incurred. Therefore, a discount rate must be used that accounts for society’s
willingness to trade off future benefits and costs (33).

The Office of Management and Budget Circular A-94, Guidelines and Discount Rates for
Benefit-Cost Analysis of Federal Programs, requires the use of areal discount rate on public
investment analyses (i.e., cost-benefit analyses) (36). Real discount rates are used to discount
congtant-dollar benefits and costs, such as those for the freight pipeline project, since they have
been adjusted to eliminate the effects of expected inflation. Appendix C of Circular A-94,
Discount Rates for Cost- Effectiveness, Lease Purchase, and Related Analyses, is updated
annually with both nominal and real discount rates for 3-, 5-, 7-, 10-, and 30-year projects (36).
Thereal interest (discount) rates for these periods are shown in Table 4.11.

Table4.11. Real Interest Ratesfor 2002 as Published in Office of Management and Budget

Circular A-94.
Program Life (Years) Real Interest Rate (Percent)
3 21
5 2.8
7 3.0
10 3.1
30 3.9
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The Office of Management and Budget recommends that the analysis of projects with terms
different than those shownin Table 4.11 use linear interpolation to determine the appropriate
interest rate, and recommends that projects exceeding 30 years in duration use the 30-year
interest rate (36). Based on these guidelines, the 50- year freight pipeline project uses a rate of 3.9
percent to discount net benefits in future years back to the current year (2002).

Calculating the Baseline Net Present Value

This research has prepared net present value cal culations with the understanding that cost
estimates for conceptual designs are inaccurate. Truly, no cost estimate can be judged as accurate
until the project is completed and the final bill is submitted; nor can the actual value of a

project’ s benefits be known until they are realized. Therefore, a*“baseling” net present vaue (i.e.,
the NPV based on costs, benefits, and facility utilization rates presented in this chapter) is
supplemented with net present values obtained from a sensitivity analysis. The sensitivity
analysis was performed to examine the risk associated with errors in:

capital and annual cost estimates,
estimated initial freight pipeline traffic, and
assumed rate of growth in freight pipeline traffic.

The approach to calculating both baseline and risk-based net present values in this research can
be described as simply performing the following steps:

Select the appropriate discount rate (as discussed in the previous section).
| dentify project benefits and costs (as discussed throughout this chapter).
Determine the years in which these benefits and costs are incurred.
Cdculate net present value using Equation 4.3.

The researchers incorporated these into an Excel spreadsheet to provide a convenient means of
performing the sensitivity analysis, whereby an array of net present values were calculated by
upward or downward adjustment of the base cost estimate, the initial freight pipeline traffic, or
the rate of growth rate in freight pipeline traffic. The subsections that follow discuss the

devel opment/results of the baseline NPV calculation; a subsequent section discusses the
methodology and results of the sensitivity analysis.

Compilation of Baseline Data. A review was performed of literature pertaining to
traffic projections along the I-35 Laredo-Dallas corridor for the purpose of establishing a
plausible utilization rate for the freight pipeline facility. In the TxDOT-sponsored study titled
Effect of the North American Free Trade Agreement on the Texas Highway System, 43 percent
of I-35 international truck traffic at Laredo was determined to be bound for states other than
Texasin 1996 (37). Another TXDOT-sponsored report, The I-35 Trade Corridor Study:
Recommended Corridor Investment Strategies, projected this international truck traffic to equal
3,700 trucks per day by 2025 (38). By considering factors such as the contribution to southbound
traffic by North Texas shippers and the potential for growth in the percent of international traffic,
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this study assumes that approximately 50 percent of al international truck traffic could be
shipped through the freight pipeline (that is, al international traffic that is palletized).

Of the international truck traffic that is destined to Laredo (or Dallas) and beyond, approximately
46 percent is currently comprised of palletized freight and could be shipped through the facility
(19). By including the potential for greater proportions of freight to be shipped on pallets, this
study assumes that approximately 50 percent of direct Laredo-Dallas international traffic will be
palletized in the future. In summary, of the 3,700 projected international shipments, 50 percent of
these will be shipped non-stop between Laredo and Dallas, of which 50 percent will be
palletized. Therefore, this research assumes that the initial freight pipeline truck traffic will be
925 (3,700 trucks/day x 0.5 x 0.5) trucks per day.

Further review of past research indicates that while current yearly rates of growth in international
truck traffic are between 4-6 percent (19), long-term growth rates in international truck traffic
will decrease to alevel that is more equal to domestic truck growth rates (38). Domestic truck
growth rates are estimated to be 1.4 percent during 2010 to 2025; therefore, 1.4 percent growth is
assumed in this economic analysis (38).

The parameters relevant to this analysis are summarized in Table 4.12, which also includes the
rural and urban mileage through the Laredo-Dallas corridor. This distinction has been made since
the FHWA provides separate marginal costs of truck traffic for rural and urban highways (Table
4.10). Urban mileage was obtained using the Bureau of the Census Urbanized Area Boundaries
published by the Bureau of Transportation Statistics so that the mileage for each category could
be determined for the corridor (39).

Table4.12. Data Used to Calculate the Baseline Net Present Value.

Preliminary Data
Initial Freight Pipeline Traffic (trucks/day) 925
Growth Rate of Freight Pipeline Traffic (%/year) 1.40
Real Discount Rate (%) 3.90
Rural Mileage (miles) 320
Urban Mileage (miles) 130

Calculation of the Baseline Net Present Value. The benefits and costs devel oped
throughout this chapter are summarized in Table 4.13 and are used in conjunction with the data
in Table 4.12 to calculate a baseline net present value for the freight pipeline. The analysis was
performed by assuming that construction beginsin an arbitrary year (year 1) and ends within five
years, with facility operations starting in year 6. The capital cost of the conduit was equally
distributed over the five-year construction period, and al other capital costs (freight terminals,
MTM manufacturing, and C3) were equally distributed over the final two years of construction.
These costs, and all benefits and costs incurred annually, were discounted to the current
reference year (2002), as prescribed in Equation 4.3.
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Table 4.13. Benefits and Costs Used to Calculate the Baseline Net Present Value.

Description Unit Values
Benefits: Rural Urban
Reduced Congestion ($/mile-truck) 0.0223 0.2006
Reduced Collision Damage ($/mile-truck) 0.0088 0.0115
Reduced Air Pollution ($/mile-truck) 0.0385 0.0449
Reduced Noise Pollution ($/mile-truck) 0.0019 0.0304
Reduced Pavement Damage ($/mile-truck) 0.1270 0.4090
Truck Operation Savings ($/mile-truck) 1.4000 1.4000
Costs: Capital Annual
Conduit ($ million) 4,000 11.75
Freight Terminals ($ million) 134 2.00
MTM Manufacturing ($ million), and ($/truck) 483 2.34
C3 ($ million) 60 1.00
Shipping Operating
Energy Consumption ($/truck) 46.79 23.39
Lossin Fuel Tax ($/mile-truck) 0.0345

Table 4.14 shows a portion of the computational results of this analysis using the initial freight
pipeline traffic and growth rate listed in Table 4.12, with the summations of discounted benefits
and discounted costs shown in the bottom row. The baseline net present value was determined by
subtracting total discounted costs from total discounted benefits, or:

Sum of discounted annual benefits $6,402 million
Sum of discounted capital costs -$4,303 million
Sum of discounted annual costs -$996 million
Baseline net present value $1,103 million
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Table 4.14. Results of the Baseline Net Present Value Analysisfor the Freight Pipeline.

Time Records Freight Pipeline NPV Analysis
Project Freight Discounted Discognted Discounted
Year Y ear (_)f Traffic Ann_ual Capital Annual
Number Operation (Trucks/Day) Benefits ($ | Costs ($ Costs ($
Million) Million) Million)
1 - - - 1,200.0 -
2 - - - 1,155.0 -
3 - - - 1,111.6 -
4 - - - 1,935.1 -
5 - - - 1,862.5 -
6 1 925 218.8 0.0 36.7
7 2 938 213.5 0.0 35.7
8 3 951 208.4 0.0 34.7
9 4 964 203.4 0.0 33.7
10 5 978 198.5 0.0 32.7
11 6 992 193.7 0.0 31.8
12 7 1,005 189.0 0.0 30.9
13 8 1,020 184.5 0.0 30.0
14 9 1,034 180.0 0.0 29.2
52 47 1,753 71.4 0.0 10.1
53 48 1,778 69.6 0.0 0.8
54 49 1,803 68.0 0.0 9.6
55 50 1,828 66.3 0.0 9.3
Totals 6,402 4,303 996

These results indicate that, based on the assumptions and estimates prepared in this study, the
project would have a positive net value of $1.1 billion dollars over the 50- year life of the facility.
Obvioudly, the reliability of an economic evaluation prepared at a conceptual stageis highly
guestionable and can only serve to provide arationale for pursuing the project further — which is
certainly the case for this feasibility study. However, the anticipated error associated with these
early estimates and utilization rates can be used to provide insight to the consequences of
inaccuracies. In consideration of this, the researchers performed a sensitivity analysis as part of
the third year research and is presented in the section that follows.

Sengitivity Analysis

An Excel spreadsheet was used to perform the sensitivity analysis so that arange of freight
pipeline cost and utilization scenarios could be investigated systematically and expeditiously. As
with the calculation of the baseline net present value (using an initial freight pipeline volume of
925 trucks/day and afreight pipeline traffic growth rate of 1.4 percent), the same approach was
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used to calculate a series of net present values by varying the growth rate of freight pipeline
traffic in increments of 0.1 percent over arange of 0.5 to 3.0 percent trucks/year. Figure 4.6
shows how the net present value increases with increasing use of the freight pipeline for a case
where the initial freight pipeline traffic equals 1,000 trucks/day.

5000

[ Initial Volume: 1,000 Trucks/Day
4500 ¥

4000 T

Approximation of NPV as a Function
of Growth Rate

w
a
o
o
L

3000 T

2500 -

2000 -+

Net Present Value ($millions)

1500 -

1000 =+

500 -+

Growth Rate of Freight Pipeline Traffic (% trucks/year)

Figure4.6. Plot of Net Present Valuesfor the Case of 1,000 I nitial Trucks/Day.

Figure 4.6 shows the individual data points of net present values for incremental increases in the
growth rate of freight pipeline traffic. Additional freight terminal and MTM costs must be
incurred when a particular growth rate causes the facility usage (trucks/day) to exceed the
assumed 3,000-trucks/day maximum for which the terminal space and MTM fleet size was
designed to accommodate. For example, a growth rate of 2.2 percent will require only one
terminal at each terminus of the pipeline since the utilization of the facility grows to only 2,905
trucks by the 50th year of operation. On the other hand, a growth rate of 2.3 percent will cause
the freight volume to exceed the 3,000-truck/day terminal design limit for which the facility was
designed. When this occurs, two additional freight terminals and an additional MTM fleet must
be added to the cost of operation, which will decrease the NPV. The sensitivity analysis has been
performed to provide only a general understanding of the effects variability in economic
parameters, so this research uses a best-fit line (as shown in Figure 4.6) to represent subsequent
analyses.

Variability in Initial Traffic. Different volumes of initia freight pipeline traffic have
been used to study the effect that this has on net present value. Four initia traffic volumes were

Texas Transportation Institute a Multimodal Freight Transportation Programs



selected for which net present values were calculated at growth rates ranging from 0.5 to 3.0
percent trucks/year; the analysis used initial volumes of:

500 trucks/day;,
1,000 trucks/day;,
1,500 trucks/day; and
2,000 trucks/day.

Figure 4.7 shows how the project becomes more feasible, in terms of an increasing NPV, as the
actual volume of initial freight pipeline traffic increases. This plot also shows the baseline net
present value that was computed using an initial volume of traffic equal to 925 trucks/day and a
growth rate of 1.4 percent per year.
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Figure 4.7. Plot of Net Present Value asa Function of Initial Freight Pipeline Traffic.

Variability in Capital and Annual Costs. In addition to studying the consequences of
inaccurately estimating the volume of traffic in the freight pipeline, the sensitivity analysis
includes asimilar series of calculations used to show how project feasibility is affected by
overestimating or underestimating costs. Since the level of accuracy for early estimatesis
generaly defined by industry as being approximately —30 percent to +100 percent, these limits
were used in this investigation by:
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1. reducing al costs by 30 percent, and
2. increasing all costs by 100 percent.

Each of the initial traffic volumes (500, 1,000, 1,500, and 2,000 trucks/day) were re-evauated
using this approach, requiring separate plots of each result. Figure 4.8 shows the consequences
that overestimating costs by 30 percent or underestimating costs by 100 percent has on project
feasibility when the initial freight pipeline volume is only 500 trucks/day. As expected, the net
present value at any growth rate is negative for al but an instance when the growth rate exceeds
1.6 percent and the costs have been overestimated by 30 percent.
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Figure 4.8. Plot of Net Present Value asa Function of Cost Using an Initial Traffic Volume
of 500 Trucks/Day.

Figure 4.9 shows the same analysis as Figure 4.7 for the case when the initial freight pipeline
traffic is 1,000 trucks/day. Failure to have estimated project costs correctly will result in a
negative net present value at this level of facility utilization, as shown by the line representing
net present values at 200 percent of the base cost.
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Figure 4.9. Plot of Net Present Value as a Function of Cost Using an Initial Traffic Volume

of 1,000 Trucks/Day.

Figure 4.10 shows how the potential for afeasible project increases, even when costs are
underestimated by 100 percent, as the level of initial freight pipeline traffic increases. In this
plot, the net present value is negative at 200 percent of the base cost estimate only at growth

rates less than 1.9 percent.
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Figure 4.10. Plot of Net Present Value asa Function of Cost Using an Initial Traffic
Volume of 1,500 Trucks/Day.

Finally, Figure 4.11 shows the net present value to be positive under al cost estimation scenarios
considered in the analysis. Therefore, depending upon traffic demand at the time when
construction is completed, the freight pipeline concept could be quite feasible even with
substantial error in the conceptual cost estimate.
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Figure4.11. Plot of Net Present Value as a Function of Cost Using an Initial Traffic
Volume of 2,000 Trucks/Day.

SUMMARY

An economic analysis has been performed using information that is available at the conceptual
stage of project development in order to determine the feasibility of constructing and operating a
freight pipeline between Laredo and Dallas. The absence of preliminary planning documents or
detailed designs required that much of the cost estimate be prepared by reviewing case histories
of other large-scale projects, and by applying unit cost data when appropriate. Furthermore,
without knowing the actual utilization rates of the facility over time, freight volume projections
were developed using data from TxDOT-sponsored research and Interstate 35 Corridor studies.

Review of Significant Costs

The cost of constructing afreight pipeline will be the most significant cost incurred during
project development. Therefore, while the range in possible error of first estimates is expectedly
quite large, this construction cost estimate was prepared by examining a group of projects that
are substantially similar to the scope of the freight pipeline. The construction cost used in the
economic analysis reflects issues from these projects, and considers:
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Project lengths of 100-336 miles,
Texas water crossings,

Interstate 35 Corridor rail construction,
L arge open-cut excavations, and
Rolling terrain with possible tunneling.

Also, the approach adopted in this analysis includes many costs that likely exceed the actual cost
for the explicit purpose of erring on the side of caution. Reasons why the project cost may be
overstated include:

An average railroad construction cost of $1 million/mile is added to the conduit
construction cost estimate

Capital costs are assumed to be incurred in early years (years 1-5)

Avoided highway construction costs are not included as benefits in the economic analysis
Additional terminal and MTM fleet costs (due to increases in facility utilization) are
assumed to be incurred during early years (years 3-5)

Project Feasbility

Following guidelines provided by the Office of Management and Budget for the evaluation of
government projects, the freight pipeline was evaluated by using cost-benefit analysis. A net
present value was obtained by discounting costs incurred and benefits received over the life of
the project back to the current year (2002) using a discount rate of 3.9 percent. A “baseline” net
present value was obtained by assuming that the initial freight pipeline truck traffic will equal
925 trucks, and that this amount of traffic will grow at 1.4 percent per year. These assumptions
resulted in a net present value of $1.1 billion, implying that the project would be feasible under
these conditions.

Due to the uncertainty of estimates associated with conceptual studies, the traffic projections and
capital/annual costs were then varied as part of a sensitivity analysis. The sensitivity analysis
showed that benefits grow at a substantially greater rate than incurred costs as the volume of
freight pipeline truck traffic increases. Of course, these results are offset by the fact that project
feasibility becomes less favorable as the degree of underestimating total costs increases. For
example, the project will be feasible at an initia utilization of 1,000 trucks/day and virtually no
growth in traffic if costs are as expected, but will only be feasible at an initial utilization of
approximately 1,500 trucks/day if costs are actually twice the expected cost.

The feasibility of constructing a freight pipeline to reduce highway truck traffic will only become

more certain as the concept is studied in greater detail. However, the results of this analysis are
promising, and suggest that further research on this topic will be worthwhile.
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CHAPTERS: POLICY AND REGULATORY ISSUES

POLICY ANALYSIS

The state of Texas is facing a “transportation crisis” during the next few decades as increased
trade places more and more traffic on the existing transportation systems of the state.

Congestion and safety concerns caused by freight traffic using the same general purpose lanes as
private vehicles, the damage inflicted upon the condition of the highway system, and the rapid
population growth in the state over the next 50 years requires that state policymakers consider all
options to meet these challenges. In evaluating this particular project, it is important to
remember that, while the “no-build option” must be evaluated for every proposed project under
federal planning rules, in reality, doing nothing about freight traffic in the study corridor is not an
option.

In fact, massive capital investments will be made during the next 50 years by federd, state, and
local governments to deal with increasing amounts of freight traveling through the state of

Texas. If only traditional highway planning options are to be considered, billions will be spent
on traditional highway expansion projects or other improvements that can temporarily alleviate
congestion in only limited areas. This option has been effective in the past, but the costs of right-
of-way acquisition in urban areas for highway expansion combined with the environmental and
socia costs associated with these methods are making them much less desirable options than
they were during the last 30 to 40 years. Moving beyond these options to deal with the emerging
problem would require, alternatively, that those same billions be spent on constructing and
maintaining freight-only highway lanes that are either directly adjacent to current facilities or in
their own separate ROW. These freight-only lane/highway options have many of the same
disadvantages related to right-of-way acquisition and political opposition.

A third and possibly better way to proceed is to move some of this freight by other transportation
modes — thus aleviating the highway system without incurring greater costs to the public sector
for construction, maintenance, and rehabilitation. Because Texas lacks an extensive inland
waterway system like that of some eastern states and much of Europe, waterborne freight cannot
be widely used in place of highway freight outside its coastal areas. Freight transportation by air,
while growing in importance, is still largely limited to high-value and very time-sensitive
shipments due to its higher costs. This limitation leaves freight rail transportation as the only
other current option for diverting large amounts of freight traffic from the highway system.

No doubt, the private railroad companies would gratefully accept increased business, but
they,too, will become capacity-limited at some point due to their mainly single-track system and
insufficient capital to rapidly add additional trackage, even aong routes where they may aready
own and hold available ROW. Combating this limitation will require greater participation by the
public sector in funding rail infrastructure. Additionally, more locomotive power and other rail
equipment would also be a short-term limitation on how quickly the railroad companies could
react. Even if the railroad companies could quickly respond to greatly increased demand or
begin to more readily accept public assistance in providing infrastructure, it is generally accepted
that the economics of rail transportation make rail shipment less desirable at distances of less
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than 450 miles. It isthe need for options other than trucks in this short- haul freight market that
the underground freight pipeline system described in this feasibility study seeks to address.

The process of financing any major capital transportation project is conplex at best. Making it
even more complex is the ever-changing nature of government policy and programs that are
applicable to fund a large project such as that envisioned by this feasibility study. The potential
magnitude of the initial investment required for this system in conjunction with the innovative
nature of the infrastructure introduces additional uncertainty considerations that must be fully
explored even before operational funding needs are considered.

Earlier chapters of this report and the previous year’s reports have reviewed comparable projects
in order to gain an understanding of the broad requirements and approaches attempted in other
efforts involving similar issues and scope. Based upon these calculations of the estimated costs
for design and construction, and the various estimated study corridor traffic forecasts shown in
Chapter 4, the initial capital outlay to build and operate such a system would be approximately
$5 billion. Annual operation and maintenance (O& M) costs are estimated to be in the range of
$17-18 million. Given these levels of needed funding, it quickly becomes clear that such an
investment is beyond what any one entity or level of government can reasonably fund, and it will
likely require a partnership to achieve — either public-public, between different levels of
government, or public-private, using both government and private sector funds. Below are listed
several individua funding sources from both public and private sources.

Federal Funding Options

Provisions of the most recent federal transportation authorization legislation determine the
available government transportation funding at the federal level. These “authorization bills” are
considered every six years and outline the amounts of transportation funding that will be
available over the subsequent six-year period. The two most recently passed bills have been the
Intermodal Surface Transportation Efficiency Act (ISTEA) passed in 1991 for FY 1992 to 1997
and the Transportation Equity Act for the 21% Century (TEA-21) passed in 1998 for the FY 1998
to 2003 period. At the time of this report, another bill for the following six-year period, FY
2004 to 2009, is being crafted. These bills outline specific programs and policies, alocate
funding levels to each transportation mode, and specify the authorized, maximum amount of
funding that may be appropriated by future Congressional actions during the six-year period
covered by the bill. While these bills give “permission” to fund specific programs at a certain
level, the actual appropriation of funds takes place each year in the transportations appropriations
bill.

One way to fund construction of the freight pipeline would be to get it named as a specific
project in one of these authorization bills along with determined funding levels over a period of
years. While each authorization bill is written independently, they tend to draw largely from the
policies and programs that have been put into place in previous legidative efforts. Programs
funded under TEA-21 demonstrate precedence for inclusion of large projects such as the freight
pipeline directly in the authorization bill as a method for funding.
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Below are listed several examples of current programsin TEA-21 that could be built upon or
expanded to fund construction and operation of the freight pipeline:

Designation asa “ Project of National Sgnificance’

One recent major transportation project that benefited from specific provisions in TEA-21 was
the Alameda Corridor Project in Southern California. The Alameda Corridor Project links the
Ports of Los Angeles and Long Beach with rail yards located in downtown Los Angeles. The
intent of the project was to consolidate 90 miles of existing rail line from three different routes
into a20-mile long, partially depressed, double tracked “railroad trench” within the existing right
of way along Alameda Street between the ports and the rail yards. By placing the tracks below
ground level for much of the corridor, truck and automobile traffic can cross the rail corridor at
surface level unimpeded by train movement. Now that operations are shifted to the new route,
200 at-grade rail crossings can be eliminated, thereby enhancing local traffic circulation, safety,
and quality of life for citizensin Los Angelesand the surrounding cities.

The Alameda Corridor received special consideration in TEA-21 and was designated as a
“project of national significance.” Its designation as “nationally significant” was granted due to
the large number of freight containers that enter the Ports of Los Angeles and Long Beach bound
for destinations throughout the United States by rail. Recognition that the rail and truck
bottleneck between Southern California ports and the rail classification yards in downtown Los
Angeles was affecting the freight transportation system of the entire nation, this problem, while
seemingly localized within one relatively small urban area, became a national priority. Because
of its downstream impact, special attention in the national transportation authorization bill and
subsequent appropriations bills was provided.

In asimilar manner, the freight corridor between Laredo and Dallas under consideration in this
feasibility study could be evaluated and designated of national significance sinceit carries such a
large percentage of the truck traffic between the U.S. and Mexico. Just as the shorter freight
bottleneck between the ports and urban rail yards in Southern California affected mobility,
safety, economic well-being, and quality of life in that corridor, increases in freight traffic along
[-35 through Texas affect the same factors over alonger 450-mile route. The forecast need for
additional lanes and/or other freight facilities identified in the 1999 1-35 Trade Corridor Study
conducted by TxDOT and several other state DOTs requires that this corridor, too, be considered
as a“nationaly significant” route that deserves special consideration in future federal funding
authorizations.

Selection as a Federal Demonstration Project

In addition to genera funding levels appropriated to the state DOTs each six years by the federal
transportation authorization bill, dozens of projects are expressly mentioned as “line items” with
specified funding levels that must be dedicated to that project. These designated funds and
projects are known as “demonstration projects.” Many studies and projects in Texas have been
funded in this manner under provisions of both ISTEA and TEA-21. Inclusion of projects as
demonstration projects has been a popular method for members of Congress to ensure that
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projects in their district are funded since funds allocated in this manner may only be spent on a
specific project. TXDOT has generally preferred not to have demonstration projects. Instead,
TxDOT has preferred to have greater flexibility in where it may spend all federa funds flowing
to the state by allowing its Unified Transportation Plan (UTP) planning process to determine the
prioritization of a project. Nonetheless, having the freight pipeline specifically funded as a
federal demonstration project over a period of yearsis an option that must be considered.

National Corridor Planning and Development and Coordinated Border Infrastructure Programs

These specia programs under TEA-21 were set aside to assist in planning and devel opment of
interregional corridors within the U.S. and international trade corridors between both the U.S.
and Mexico and the U.S. and Canada. The monies from these programs may only be spent on
specific international and regional corridors that were named in ISTEA and subsequent
legidation as essentia to trade flow in North America, especially those that experienced
increased demand following implementation of the North American Free Trade Agreement
(NAFTA). Both programs are “discretionary programs’ that allow the Secretary of
Transportation to set rules for determining how the money will be distributed and set an
authorization limit of $140 million for the last four fiscal years of the TEA-21 period.
Unfortunately, the funding for these programs has become subject to powerful members of
Congress setting aside large portions of the appropriations for this program each year to projects
in their home state or district instead of allowing the entire appropriation to be distributed on a
competitive basis by the Department of Transportation. This process has led to great
disappointment in Texas as more funds from this program have been awarded to non-border
states than to address the emergent needs of this state. If this program were to be atered in
subsequent transportation authorization bills to address specific international trade corridors such
asthe|-35 corridor, it is possible that a project such as the freight pipeline could be eligible by
reducing freight traffic moving by truck. Funding levels would also need to be greatly increased
in adiscretionary program for trans-border infrastructure if it were to have an impact on the
substantial construction costs associated with building a freight pipeline.

Transportation Infrastructure Finance Innovation Act (TIFIA) Loan

TEA-21 has provided a means to grant federally guaranteed loans to construct major
trangportation projects. In order to qualify for this program, the project must have atotal cost of
over $100 million dollars or greater than 50 percent of a state's annual apportionment of federal-
aid funds, whichever is less, but TIFIA funds may not exceed 33 percent of the total project
costs. The program is limited to transportation projects of “critical national importance, such as
intermodal facilities, border crossing infrastructure, expansion of multi-state highway trade
corridors, and other investments with regional and national benefits(40).” Specifically
mentioned as eligible projects are:

any type of project that is eligible for Federal assistance through surface transportation
programs under Title 23 or chapter 53 of Title 49 U.S.C. (highway projects and transit
capital projects);

international bridges and tunnels;
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inter-city passenger bus and rail facilities and vehicles (including Amtrak and magnetic
levitation systems); and

publicly owned intermodal freight transfer facilities (except seaports or airports) on or
adjacent to the National Highway System (40).

In addition to direct federal loans, the TIFIA program alternatively provides |loan guarantees that
can encourage private investment and standby lines of credit that can supplement project
revenues during the first 10 years of project operations (40). A program of this type could
provide up to one-third of the construction costs associated with building the freight pipeline,
and then revenue from operations could be used to repay the loan.

State Funding Options

Several funding options at the state level are available to assist with major transportation
projects. State funding is limited in comparison to that available at the federal level, although
these resources can be very critical in providing matching funds to augment or “pull down”
additional federal dollars. Based upon several recent or current projects in the state, the options
listed below would be expected to play arole in financing the construction of the freight
pipeline.

Bonding

One of the most likely means of raising the large amount of capital needed for construction of
the freight pipeline would be issuance by the state of project bonds for purchase by the public.
The bonds would be serviced based upon revenue from operations of the facility once it was built
and service began. This funding option has recently been used to make possible accelerated
construction of the SH-130 corridor between Georgetown and San Antonio based upon
anticipated revenues from toll to be collected on the roadway. Likewise, fees for moving
palletized freight through the pipeline could potentially act as a revenue stream for redemption of
bonds issued to fund construction of the freight pipeline.

Sate Transportation Planning Funds

Federa funds that are alocated to the state for planning studies could be used for funding of
more preliminary and detailed design studies of the freight pipeline prior to construction. Once
the project isincluded in the stat€’ s transportation plan and moves up in priority statusin the
Unified Transportation Program other state funds could become available for use; however,
current limitations of state transportation funding largely to highway projects only could be
problematic. Changing these restrictions could require legidative action and/or an amendment to
the state constitution.
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Innovative Funding Methods

Severa creative funding mechanisms have been mentioned for the Trans Texas Corridor system
of high-speed road and rail corridors that have recently been considered by the Texas
Transportation Commission and state government leaders. These methods include the use of
concessiors in which one or more companies own the rights to al or a segment of the facility.
They would receive payments for freight that traverses that section and have the potential of
using funds from the Texas Mobility Fund should that mechanism (created following the 77"
Legidature) receive appropriations from future legidative action. Each of these creative funding
methods would likely play arole in construction of afreight pipeline system to the extent that the
public or private management model selected will allow.

Co-location in Existing TXDOT Right-of-Way

There are two major ways in which costs could be reduced by co- locating the freight pipeline
adjacent and parale to highwaysin an existing ROW. First, the state could drastically reduce
the costs associated with construction of afreight pipeline system if it could be built within an
existing ROW, i.e. one aready owned by the state. This would reduce the costs of new right-of-
way acquisition and should ease some of the costs associated with gaining environmental
clearance for construction compared to building in a new corridor. Such sharing of ROW could
be in the current interstate highway corridors or planned in conjunction with future Trans Texas
Corridor routes.

The second opportunity for cost savings in this scenario is the possibility that some segments of
the conduit would not need to be placed underground if built alongside existing roadways. An
enclosed box culvert above ground using the median of a highway could contain the operating
elements of the freight pipeline and save the effort and cost of grade separating the structure by
placing the system underground. Underground placement, as envisioned in this study, was for
the purpose of preserving surface ROW and eliminating at- grade conflicts. If surface ROW was
made available and bridge structures for parallel highways were already planned or in place,
subterranean placement might not be necessary to gain the benefits associated with the freight
pipeline.

Regional/Local Funding Options

Regional and local funding can play arole in funding of specific segments of the freight pipeline.
This funding may take place in several ways. In many highway construction projects, local
authorities assist in project development by purchasing ROW for the segment that passes through
their area of authority. Thistype of local participation in major projects that impact longer
corridors sets precedence for the project considered in this feasibility study. Two such funding
sources controlled by local authorities that could potentially be applied to the freight pipeline are
discussed below.
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Congestion Mitigation and Air Quality (CMAQ) Funds

Although CMAQ funds originate from federal sources, local metropolitan planning organizations
(MPOs) allocate how CMAQ funds are spent within their planning area. CMAQ funding goes to
those MPOs that are designated as non-attainment areas for federal air quality goals. Current
laws limit the use of CMAQ funds to within the boundaries of the MPO that has been so
designated. While this greatly limits the areas of the freight pipeline that could potentialy
benefit, certainly those segments of it that traverse MPOs in nontattainment status could benefit
from this funding source. MPO boards could choose to participate based upon the environmental
benefits that would be gained by moving goods in this manner over increased truck traffic on the
surface streets and highways.

Regional Mobility Authorities (RMAS)

The creation of RMAs was authorized by actions of the 77" Texas Legislature. The legislation
allows one or more counties to form a RMA, raise funds, and, with the approval of the Texas
Transportation Commission, to plan for and address mobility issues on aregional basis rather
than work through the statewide TXDOT planning process. RMAs along the route of the freight
pipeline could potentially fund local segments as a method to divert some freight off of local
roadways.

Private Sector Funding Options

Depending on the business model selected for final operation of the freight pipeline, several
possibilities for private sector investment in funding the project exist. Several of these options
are listed below.

Private Ownership

Based upon further analysis, it may prove that such afreight pipeline system could be profitable
enough that either a single company or a consortium of private-sector firms might choose to fund
and operate the freight pipeline. Private-sector methods could include either borrowing directly
from financia institutions or by issuing bonds to finance construction. The costs of construction
and operation would then be borne by that company or group of companies in exchange for the
revenues from moving freight through the system. Revenues would service the long-term debt
and provide for operations and maintenance requirements. This funding method, while possible,
is highly unlikely to be done completely by the private sector due to the risk involved in
acquiring financing for this purpose. One possibility is that the public sector would act to
guarantee the private sector investment, thus limiting the risk inherent in total private-sector
funding of the project.
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Private Operations

Another funding scenario would be public construction of the pipeline system with private
operations once construction was complete. This method would have a private company operate
the pipeline with a portion of the revenues going back to the public sector to repay loans and/or
service any bonds. The remainder of the revenues would go to the operating company to cover
expenses and pay for maintenance of the system. The remaining revenue would be profit for the
private-sector firm.

Combination of Funding Sour ces

As stated previoudly, due to the magnitude of the funds needed for construction and operations
for this project, it is likely that no one source of funds will provide for the entire need. Project
funding is most likely to come from a combination of sources. The recently completed Alameda
Corridor Project resulted from a combination of both public and private expenditures. These
sources included a $400 million TIFIA loan from the US DOT, $400 million in private funding
from the Port of Los Angeles and the Port of Long Beach, $700 million from local project
revenue bonds, and $350 million in state and local funds. The Alameda Corridor Transportation
Authority (ACTA) collects $30 per loaded container and $8 per loaded rail car or empty
container moving along the corridor. ACTA will use this revenue stream to repay the TIFIA
loan and service its long-term revenue bond debt.

This type of multifaceted funding partnership between severa levels of government and the
private sector provides a model for future planning with regards to financing of any freight
pipeline project. Innovative funding sources, along with proven methods from other
transportation modes along with special legidative appropriations will most likely form the
basis for local and regional funding participation in certain sections. The long-term life cycle
costs and benefits of the project, explained elsewhere in this report, explain the rationale for
making such an investment.

EXCAVATION AND PIPELINE RELOCATION PRACTICES

As a production and transportation center for petroleum and refined products, Texas has one of
the most extensive networks of natural gas and hazardous liquid pipelinesin the country. Asthe
nation’ s population and economic growth leads to greater demands for energy, this 270,000- mile
network will continue to expand. Likewise, population growth in Texas will also require a more
extensive and innovative transportation infrastructure throughout the state, such as that provided
by afreight pipeline through the Interstate 35 Laredo-Dallas corridor.

Unfortunately, statistics provided by the Department of Transportation’s Office of Pipeline
Safety show that construction activity near in-place pipelines are now one of the most costly
causes of pipeline-related property damage. Growth in the state’ s transportation infrastructure,
combined with alarge and increasing pipeline network, suggests that damage to in-place
pipelines from construction activities will continue to increase unless safety precautions are
implemented.
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Not only will construction of the freight pipeline require trench excavations near existing
pipelines, but this project will aso require that some pipelines be relocated (lowered) to alow for
burial of the pipeline conduit. Furthermore, both corridor selection and engineering design of the
freight pipeline will require consideration of these issues. Therefore, this chapter is devoted to
excavation and pipeline relocation practices that researchers and designers should be consider
during all phases of this project, including planning, design, and construction of the freight
pipeline.

Existing Natural Gas and Hazardous Liquid Pipelines

The Texas Railroad Commission database was reviewed to identify the natural gas and
hazardous liquid pipelines that exist within the freight pipeline corridor. The state map in Figure
5.1 illustrates the complex pattern of this network in relation to Interstate 35. Shown in this
figure are both natural gas and hazardous liquid pipelines, with hazardous liquid pipelines being
comprised of those transporting either crude or refined products.

The planning, design, and construction of a subterranean facility such as the freight pipeline will
require consideration of characteristics and locations of these pipelines at the earliest stages of
development. The Railroad Commission’s database includes several attributes of pipelines that
exist within the state, such as:

fluid type,

nominal diameter,
intrastate or interstate,
system operator,
function and

length

A coordinated planning effort should use this information to identify cost and corridor selection
issues related to the existence of these pipelines, and to provide a safe working environment in
which to construct the freight pipeline facility. The Geographical Information System (GIS)
database can be accessed through the Railroad Commission website (www.rrc.state.tx.us).
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Figureb5.1. Natural Gasand Hazardous Liquid Pipelinesin the Interstate 35 Corridor.

The pipeline classifications in Figure 5.1 are further grouped by function as either gathering or
transmission pipelines, as shown in Table 5.1. This table provides the number of pipelines that
actually cross Interstate 35 by county, indicating that Ellis, Frio, and Hill Counties have the
largest numbers of these structures. The maximum diameter of natural gas and hazardous liquid
pipelines in these counties averages 20 inches; although, afew counties have pipe diameters as
large as 36 inches. The total number of pipelines for all counties indicates that approximately 80
natural gas or hazardous liquid pipelines will need to be lowered during the construction of the
freight pipeline.
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Table5.1. Quantities of Existing Gas and Hazardous Liquid Pipelinesin the Freight
Pipeline Corridor.

County Natural Gas Pipedlines Hazardous Liquid Pipelines | Pipéeline

Gathering | Transmission | Gathering | Transmission Totals
Atascosa 1 1
Bell 3 > 5
Bexar 4 2
Dadlas 5 1 6
Ellis 7 a i
Fals 1 1
Guadalupe 0
Hays 3 1 I
Hill 1 ) 5 0
Ladle 2 2 1 5
McLennan 2 1 1 2
Travis 6 > 3
Webb 4 1 E
Williamson 4 > 6
All Counties 80

Damage Prevention Best Practices

Damage to in-place pipelines can be avoided by strictly adhering to procedures and
recommendations that have been established by authorities to provide a safe construction
environment for contractors, and that will protect the property of owners/operators of
underground facilities. One such recommendation has been prepared jointly by ateam of
government and industry professionals that identified a set of “best practices’ for the purpose of
preventing damage to these facilities. The One-Call Study Team, sponsored by the U.S.
Department of Transportation, Research and Special Programs Administration, Office of
Pipeline Safety, reported their findings in Common Ground: Sudy of One-Call Systems and
Damage Prevention Best Practices, which is to be shared among all stakeholders in pipeline-
related construction activities (41). This document identifies best practices in:

planning and design,

one-call center operations,

locating and marking,

excavation,

mapping,

compliance,

public education and awareness, and
reporting and evaluation.

NG AWNE

Given the importance of this information, those sections of Common Ground that are directly
applicable to the planning of the freight pipeline (planning and design, locating and marking, and
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excavation) are summarized in the following three subsections. The last subsection discusses
how these recommendations should be incorporated into the planning process.

Planning and Design

Damage prevention to underground facilities must begin with the incorporation of safe practices
into the planning and design of the freight pipeline. Adopting these practices at the earliest
phase of the project will result in adesign that minimizes conflicts between facilities, prepares
for safe excavations, and controls work and cost schedules. Among the best practices related to
planning and design are:

Identification of underground facility easements on plats:

0 Ownergoperators of underground facilities are aerted to the intended

development of land upon notification of a plat being filed;
Acquisition of important information by designers:

0 Mapsof existing, abandoned, and out-of-service facilities, cathodic protection and
grounding systems, as-built drawings, proposed project designs, and existing
work in the area should be gathered during the planning phase;

| dentification of existing facilities on preliminary design plans:

o Preliminary plansfor the freight pipeline should show proposed corridors together

with the information available on underground facilities;
Utility coordination:

0 Regular discussions between public and private entities on the planning, design,
and construction of the freight pipeline promotes cooperation among pipeline
operators, government agencies, and contractors;

Markers for underground facilities:

0 Color-coded markers should be used in accordance with the American Public
Works Association, “Guidelines for Uniform Temporary Marking of
Underground Facilities” (42);

Adherence to codes, statutes and facility owner/operator standards:

o0 Designers of the freight pipeline should consider all codes and regulations, such
as 49 Code of Federa Regulations (CFR) Parts 192 and 195, Occupational Health
and Safety Association (OSHA), and Title 5 of the Texas Utilities Code, so that
potential conflicts are minimized,;

Use qualified contractors:

o Only contractors with a proven record of safely excavating near underground

facilities should be used;
Mandatory pre-bid conferences:

0 The project owner of the freight pipeline should require potential contractorsto
attend a pre-bid conference that includes the owners/operators of underground
facilities;

Communi cation between designer and potential contractor (pre-construction) :
The designer should be continuously involved with potential contractors during
pre-bid/bid phases to clarify the project scope and to identify contractors with
suitable expertise and
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Communication between designer and contractor (construction):
0 Thedesigner should hold pre-construction conferences to discuss unforeseen
conditions and design changes, and should then follow up with post-construction
conferences.

Locating and Marking

Whether excavating near underground facilities or excavating to relocate an existing pipeline,
these facilities must be located and marked appropriately during construction of the freight
pipeline. Among the best practices related to locating and marking are:

Full use of facility records:
o0 Ownerg/operators maintain information on location, type, and access points for
buried facilities, which should be used in the locating process;
Update facility records:
o Errorsor omissions may be encountered during the locating process and should be
brought to the attention of the facility owner/operator;
Uniform color codes and marking symbols:
0 The Nationa Transportation Safety Board recommends using the American
Public Works Association color code standard;
Use of asingle locator for locating multiple facilities:
0 For cases of multiple facilities with one owner, or multiple facilities with the same
markings, the use of one locator can reduce the likelihood of errors;
Proper training and documentation of locators:
o0 Minimum training guidelines, such as those established in the National Utility
Locating Contractors Association’s Locator Training Standards and Practices,
should be adopted (43);
Safe performance of locates:
o Obstructions, traffic, and physical site characteristics should be reviewed with
locators so that they can be prepared for on-site locates;
Visual inspection of site:
o Siteinspection should be performed to determine if there are facilities in place
that are not on record;
Marking of facilities for surface conditions:
o Facility locators should be properly trained to identify and mark varying surface
and environmental conditions,
Positive response to facility locate requests:
o Ownergoperators should respond in away that lets the excavator know whether
the requested area has been marked prior to excavation
Each of multiple facilities are marked separately:
0 The number of lines marked on the surface should equal the number of lines that
are buried in acommon trench;
Information on abandoned facilities:
0 Abandoned facilities should be treated as live facilities;
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Method of location:
o Direct connection is the preferred method of actively applying a signal onto a
facility;
| dentification of owner/operator:
0 Ownergoperators of located facilities should be marked when feasible;
Communication between all parties:
0 Pre-location meetings should be scheduled between all parties when the
complexity of the project complicates the conveyance of site information;
Maintain work performance documentation:
0 Careful and complete documentation of all work performed by the locator
eliminates confusion over which requests have been performed,
Investigate damaged facility immediately:
o Information collected from damage investigations is essential in preventing future
damages; and
Forecasting/planning for workload fluctuations:
0 Ownerg/operators must develop scheduling methods to complete all locate
requests in atimely manner.

Excavation

Damage to existing pipelines primarily occurs during the excavation phase of construction. As
part of the construction of the freight pipeline, pipelines may be encountered when trenching
activities encroach upon existing pipelines, or when an in-place pipeline is intentionally
uncovered to be relocated. Among the best practices related to excavation are:

One-call facility locate request:

o0 Ownerdoperators are notified of the need to locate underground facilities near

freight pipeline excavation activities through a one-call system,
White lining:

o Pre-marking of the excavation site with white paint, flags, or stakes alows the

excavators to communicate to the owners/operators where excavation is to occur;
Locate reference number :

0 A unique reference number is attached to all locate requests made by excavators

as proof of notification;
Pre-excavation meeting:

0 Pre-location meetings should be scheduled between all parties when the

complexity of the project complicates the conveyance of site information;
Facility relocations:

o0 Temporary or permanent interruption of afacility owner/operator’s service
requires active participation in a pre-planning meeting by the facility
owner/operator and the excavator in order to protect facilities;

Separate locate requests:

o Each of multiple excavators sharing a job site has separate one-call reference

numbers,
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One-call access:
0 Excavators have access to a one-call center at any hour of any day;
Positive response:

0 Ownergoperators should respond in away that lets the excavator know whether

the requested area has been marked prior to excavation;
Locate verification:

o0 Veification that the excavation site matches the one-call request, and that all

facilities have been marked, must precede excavation activities,
Work site review:

0 Excavators should review the location of underground facilities at the site with

excavation crewmembers;
Marking Preservation:

o Staking, marking, and other designations for underground facility locations

should be protected, or remarked, until no longer required,
Excavation observer:

0 Excavation should be performed with aworker observing the excavation activity

to warn the equipment operator of any safety concerns that develop;
Excavation within the tolerance zone:

0 Manua methods of excavation, such as hand digging, must be used within 18

inches of the outside edge of underground facilities;
Exposed facility protection:

0 Protection to underground facilities should be implemented to comply with the
rule established by OSHA, 29 CFR 1926.651 (b)(4), which states: “While the
excavation is open, underground installations shall be protected, supported, or
removed as necessary to safeguard employees’;

Backfilling:

0 Sharp or hard objects, such as rocks or chunks of hard clay, should be removed

from the backfill material prior to backfilling the trench; and
As-built documentation:

0 Contractors must provide deviations to planned construction to the
owner/operator of underground facilities so that accurate records of facility
locations can be maintained.

Incor poration of Damage Prevention Practicesin Freight Pipeline Planning

The damage prevention practices described in Common Ground should be incorporated into
freight pipeline planning activities at the earliest stages. In particular, recommended practices
for this project include the following:

1.

2.

Accurate and complete documentation of in-service and abandoned pipelines should be
acquired from owners/operators and incorporated into planning and design documents.

Freight pipeline designs should consider recommendations from owners/operators, and
should adhere to the rules established under both 49 CFR Parts 192 and 195 and Title 5
of the Texas Utilities Code (as discussed in subsequent sections).
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3. Quadlified contractors should only be selected after the project scope has been clarified
through pre-bid conferences, etc., with the actual construction following pre-construction
conferences between contractors and designers.

4. Pipeline locations should be based on owner/operator records and site inspections, and
any errors or omissions should be updated on project design documents and
owner/operator records.

5. Construction activities should be guided by clearly marked locations of each separate
pipeline, whichshould include a description of owner/operator identification.

6. Construction planning should consider the need for owner/operator representatives to
conduct on-site locations and to participate in pre-excavation meetings.

7. Following aworksite review by the contractor, excavations near pipelines should be
performed by experienced personnel, including an excavation observer, with only manual
methods used within 18 inches of the outside edge of the pipe.

8. Excavated trenches should be backfilled with suitable material, and as-built documents
should be provided to owners/operators that include any deviations to the original
construction plans.

Federal Regulations

In this report, discussions on governmental regulations of natural gas and hazardous liquid
pipelines pertain specifically to the relocation of these facilities during construction of the freight
pipeline. A more comprehensive discussion of pipeline regulations can be found in The Value of
Pipelines to the Transportation System of Texas: Year Two Report (44).

Appendix B provides a quick reference to rulesissued by the Office of Pipeline Safety that
should be considered when determining the scope of pipeline relocations. These rules are federal
regulations, which are divided into two main parts: 49 CFR Part 192 — Transportation of Natural
Gas and Other Gas by Pipeline, and 49 CFR Part 195 — Transportation of Hazardous Liquids by
Pipeline. Each of these areas will be discussed separately in the following subsections.

Natural Gas Pipelines

The Texas Railroad Commission establishes 49 CFR Part 192 as the minimum safety standards
for the transportation of gas through intrastate pipelines, as prescribed in the Texas
Administrative Code (TAC) Title 16, Rule 7.70. The transportation of gas through interstate
pipelines is subject to the Federal Energy Regulatory Commission under the Natural Gas Act (15
U.S.C. 717 et seg.), and therefore falls under exclusive federal jurisdiction.

Pipeline Classifications. Some safety rules apply specifically to a certain class of
natural gas pipeline. These classifications are based on population and building densities within
“class location units,” which are 440-yard strips of land centered along a pipeline over a distance
of one continuous mile. Figure 5.2 provides an illustration of a class location unit with
descriptions of Class 1 through Class 4 pipelines, as defined in Section 192.5.

Texas Transportation | nstitute 116 Multimodal Freight Transportation Programs



Natural Gas
Pipeline

N|

ClassL ocation Unit categories:

220YD | 220YD Class 1 Location
I £ 10 buildings
| *Class 2 Location
| 10 < buildings < 46
|
|
|

1 Mile

«Class 3 Location
3 46 buildings
*Class 4 Location
any building at® 4 stories

Figure5.2. A ClassLocation Unit as Defined Under 49 CFR 192.5.

In addition to the building density shown in Figure 5.2, Class 3 pipelines also include those areas
where the pipeline lies within 100 yards of a building, playground, recreational area, or other
place of public assembly that is occupied by 20 or more persons on at least 5 days a week over
any 10 weeks of ayear.

Construction. Section 192.317 requires pipelines to be protected from washouts,
unstable soils, or other hazards that may cause the pipeline to move or sustain abnormal |oads.
Consequently, the planning and location of drainage facilities for the freight pipeline must avoid
drainage patterns that increase the moisture content of soils that support natural gas pipelines.
Furthermore, if anatural gas pipeline is relocated, Section 192.319 requires backfill materia to
provide firm support under the pipe, and consist of materia that prevents damage to the pipe and
pipe coating.

Section 192.323 requires that casing used on a natural gas pipeline under arailroad or highway
be designed to withstand superimposed loads. This requirement will also apply to any loads
imparted by the freight pipeline, so all design loads should be communicated to the pipeline
operating company prior to the relocation of existing facilities. Section 192.325 requires that
transmission lines be installed with at least 12 inches of clearance from any other underground
structure, or otherwise be protected from damage by these structures. Service lines must also
provide the strength to withstand external loads from these structures, as specified in Section
192.361.

Operations. In accordance with Section 192.614, all pipeline operators are required to

carry out awritten program to prevent damage to pipeline facilities during excavation activities.
Operators can comply with this program by participating in a public service program, such as a
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one-call system, and fulfilling each of the obligations required in paragraph (c)(3) of this section.
In Texas, this program is implemented by the Texas Underground Notification Corporation.

Service to a natural gas pipeline may need to be temporarily discontinued in order to relocate the
facility through the freight pipeline corridor. In the case where the pipeline must be purged of
gas, Section 192.629 requires that either a moderately rapid and continuous flow of air or aslug
of inert gas be used to purge this gas from the line.

Maintenance. Pipeline operators are responsible for protecting their facilities from
vibrations caused by construction and vehicular movement, as described in Section 192.755. By
including pipeline companies in the planning and design phases, they will be able to implement
long-term measures that will protect against external |oads.

Hazardous Liquid Pipelines

The Texas Railroad Commission adopts by specific reference 49 CFR Part 195 as the safety
standards for the transportation of hazardous liquids through intrastate pipelines, as prescribed in
TAC Title 16, Rule 7.81. Likewise, al interstate hazardous liquid pipelines are subject to 49
CFR Part 195.

Construction. Section 195.250 requires liquid pipelines to have 12 inches of clearance
between the outside of the pipe and the extremity of any other underground structure. However,
the American Petroleum Institute (API) has published “ Steel Pipelines Crossing Railroads and
Highways,” APl Recommended Practice 1102, which recommends more conservative standards
for these structures (45). This publication suggests using 6 ft of cover over a pipeline that lies
directly under railroad track, and 4 ft of cover over a pipeline that lies directly beneath a
highway. Furthermore, Section 195.256 stipulates that the pipe at each railroad or highway
crossing must be installed in away that withstands the dynamic forces of traffic loads.

All construction details, such as depth of cover, proximity to other pipelines, etc. must be
recorded as required in Section 195.266. This rule provides for the use of these records during
the planning and design of the freight pipeline, but also requires that the development of as-built
drawings and records be included as part of the scope of the facility’s construction.

Operation and Maintenance. In addition to the procedural rules for pipeline operators
in Section 195.402, Section 195.424 defines the rules that must be followed when moving liquid
pipelines. This section requires reductions in operating pressure during the relocation process,
and it describes the procedure for handling highly volatile liquid pipelines (described further in
the next section of this report).

State Regulations

The Texas Railroad Commission regulates the safety of intrastate natural gas and hazardous
liquid pipelines in the state of Texas. The commission addresses the safety of these facilities by
adopting the rules established in 49 CFR Parts 192 and 195 (discussed in the previous section).
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Texas safety regulations on the transportation of natural gas are addressed in Texas
Administrative Code Title 16, Part 1, Chapter 7, Subchapter B, Rule 87.70, which requires
pipeline facilities that transport gas within the state of Texas to:

“...be designed, constructed, maintained and operated in accordance with the
Minimum Safety Standards for Natural Gas, 49 Code of Federal Regulations
(CFR) Part 192, ...”

Likewise, safety regulations on the transportation of hazardous liquids are addressed in Texas
Administrative Code Title 16, Part 1, Chapter 7, Subchapter B, Rule §87.81, whereby the Railroad
Commission adopts:

“by specific reference the provisions (except as modified herein or hereafter)
established by the United States Secretary of Transportation under the Pipeline
Safety Act 49 U.S.CA. 860101 et seq. and set forth in 49 CFR Part 195,
Regulations for Transportation of Hazardous Liquids by Pipeline, ...”

In addition to these rules, Texas Utilities Code Title 5, Chapter 251, Underground Facility
Damage Prevention and Safety, appoints the Texas Underground Notification Corporation to
administer the state’ s one-call system, thereby establishing this system as that which will
coordinate the information sharing activities between pipeline operators, freight pipeline
planners and designers, and construction contractors.

Lowering of In-Service Natural Gas or Hazardous Liquid Pipelines

Mogt, if not all, existing gas and hazardous liquid pipelines will require relocation if the freight
pipelineis set at an assumed 13 ft below grade and, as noted in Sec. 195.250 of the Code of
Federal Regulations (Appendix B), any pipe installed underground must have at least 12 inches
of clearance between the outside of the pipe and the extremity of any other underground
structure. Consequently, planning of the freight pipeline corridor should consider the likelihood
that intersecting pipelines will be lowered to atotal depth of approximately 14 ft.

These pipelines can often be safely relocated while “in-service” to provide a cost-effective
means of accommodating new structures, such as roads, railroads, or other foreign utilities.
However, historical records of pipeline relocations include a few accidents that occurred while
using this procedure. Such incidents prompted the American Society of Mechanical Engineers
(ASME), the U.S. Department of Transportation’s Office of Pipeline Safety (OPS), and APl to
sponsor a study in 1978 that resulted in the development of recommended guidelines for
lowering in-service pipelines by Battelle Columbus Laboratories. As afollow-up, APl solicited
the expertise of pipeline engineers to prepare a recommended practice on the safe movement of
in-service pipelines. The following sections discuss these recommendations as they may pertain
to the freight pipeline facility.
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General Considerations

The second edition of “Movement of InService Pipelines,” APl Recommended Practice 1117,
was released by API in 1996 for the purpose of addressing the criteria, methods, values, and
recommendations that should be considered for the safe movement of in-service pipelines (46).
The practice recommended by API applies to the movement of pipelines operating under
conditions that are normally encountered in the pipeline industry. Furthermore, API specifically
addresses onshore steel pipelines, and it does not consider any of the following:

offshore pipelines;

pipelines with valves, flanges, fittings, concrete coatings, or attached appurtenances in
the section to be lowered; or

pipelines joined by oxyacetylene welds, mechanica joints, or girth welds of known poor
quality (unless reinforced by acceptable means).

While this work serves only as a guideline to the designers and contractors involved in this
procedure, the recommendations provide insight to important considerations, such as those
discussed in the following subsections.

Pipe Stresses. Longitudinal stresses can exist in steel pipelines due to pressure,
temperature, bending, or elongation. The safe relocation of these pipelines requires that the
combined total of existing and induced stresses not exceed the pipeline strength. Therefore, a
series of stress calculations must be performed for comparison to the yield strength of the pipe
before a pipeline is to be moved. Longitudinal stress calculations include:

Longitudinal Tensile Stress due to Internal Pressure (Sp)

_ Pbm
S == (Eq. 5.1)

Longitudinal Tensile Stress due to Temperature Change (Sr)

S =Ea(T,-T,) (Eq. 5.2)
Existing Longitudinal Stress of the Pipe (Sg)

S =S +5 +& (Eq. 5.3)

Longitudinal Stress due to Elongation(Ssg)

.2
S, = 2.6758‘99 (Eq. 5.4)
el o
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Available Longitudinal Bending Stress (Sa)

S, =F,SMYS- S; - S (Eq. 5.5)

where,

P = Maximum internal operating pressure, psi

D = Outside diameter of the pipe, inches

m = PoissorisRatio for steel, 0.3

t = Nomina wall thickness of the pipe, inches

E = Modulusof elasticity of steel, 29x10° psi

a = Linear coefficient of thermal expansion of steel,
6.5%10-6 inches/inchRF

Ty = Pipetemperature at the time of installation, °F

T, = Operating temperature of the pipe during movement, °F

D = Mid-span deflection of the pipe, feet

L = Minimum trench length required to teach the mid-span
deflection of the pipe, feet

Fo = Pipedesignfactor

IMYS = Specified minimum yield strength of the pipe, psi

Excavation. The pipeline should be excavated in a way that minimizes that chance of
the pipe being damaged. As previously discussed, Common Ground is areport sponsored by
OPS that identifies damage prevention best practices related to excavations near pipelines. Also,
Sec. 192.614 of the Code of Federal Regulations requires pipeline operators to provide a written
program to prevent damage to pipelines during excavations. Requirements for a one-call
program, also discussed in Common Ground, are also established in this section.

Figure 5.3 shows a profile of a petroleum pipeline that has been moved to allow the freight

pipeline conduit to be constructed overhead. The midspan pipe deflection is the depth by which
the petroleum pipeline has been lowered.
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Figure5.3. Pipeline Relocation Profile within the Freight Pipeline Corridor.

This deflection is achieved by lowering the in-service pipeline gradually so that the longitudinal
stress limit of the pipe is not exceeded. The minimum required trench length that satisfies this
condition is calculated using Equation 5.6.

o \/(3.87)(107)DD +(7.74x10") D (E0, 56)

F,MYS- S

The existing longitudinal stress of the pipe (S) is calculated using pipe dimensions, material
properties, and temperature conditions with Equations 5.1 t0 5.3. The pipe design factor (Fp) is
based on both the operating history of the pipe and engineering judgment, and the specified
minimum yield strength (SMYS) is based on the grade of steel used to manufacture the pipe.

For example, the typica maximum diameter of petroleum pipelines running through the counties
listed in Table 5.1 is 20 inches, although a few of these counties have pipelines as large as 36
inches. Also, those pipelines that are at least 40 years old, unless specified otherwise, were
probably constructed with pipe having ayield strength of 42,000 psi (X42), while more recent
pipelines have probably been built with X52 pipe (52,000 psi). Using API Spec 5L, pipe
characteristics for avariety of size and strength combinations can be devel oped, as shown in
Table5.2 (47).
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Tableb5.2. Characteristics of 20- and 36-Inch Pipe Using X42 and X52 Grade Stesdl.

20-Inch Pipe 36-Inch Pipe

Pipe Category Diameter Diameter
Pipe Property: X42 X52 X42 X52
Pipe Outside Diameter, D (in.) 20 20 36 36
Pipe Wall Thickness, t (in.) 0.375 0.375 0.438 0.438
Pipe Inside Diameter, d (in.) 19.25 19.25| 35.124 35.124
Specific Minimum Yield Strength, SYMS (psi) 42,000 52,000 | 42,000 52,000
Maximum Operating Pressure, P (psi) 1,136 1,408 736 912
Installation Temperature, T; (°F) 100 100 100 100
Operating Temperature, T, (°F) 30 30 30 30
Pipe Design Factor, Fp 0.9 0.9 0.9 0.9
Poisson’ s Ratio, ? 0.3 0.3 0.3 0.3
Modulus of Elasticity of Steel, E (ksi) 29,000 29,000 | 29,000 29,000
Thermal Expansion Coefficient, ? (in./in°F) 6.5x10° | 6.5x10° | 6.5x10° | 6.5x10°
L ongitudinal Stress Calculations:
Stress due to Internal Pressure, Sp (psi) 9,088 11,264 9,074 11,244
Stress due to Temperature, Sy (psi) 13,195 13,195| 13,195 13,195
Stress due to Existing Elastic Curvature, Sc (psi) 0 0 0 0
Existing Stressin Pipe, S (psi) 22,283 24,459 | 22,269 24,439
Trench Length Calculations:
Required Pipe Deflection, ? (ft.) 10 10 10 10
Minimum Trench Length, L (ft.) 999 832 1,181 984
Pipe Support Spacing:
Stress due to Elongation during Moving, Ss (psi) 7,762 11,175 5,549 7,989
Stress Available for Bending, Sa (psi) 7,756 11,166 9,982 14,372
Max. Free Span between Pipe Supports, Ls (ft.) 57.3 68.7 75.4 90.5

The stress calculations shown in Table 5.2 have been made using Equations 5.1 to 5.3, where the
longitudinal stress due to existing elastic curvature is assumed to equal zero. The minimum
trench length required to lower a pipeline 10 ft has been calculated using Equation 5.6 for each
of the four cases above. In general, the required trench length of a pipeline increases with
increasing pipe diameter and decreasing strength. The pipe deflection profile of each case has
also been plotted in 25-ft intervals using Equation 5.7.

_16x°D(L- x)?

D T

X

(Eq. 5.7)

where, X = Distance along the lowered portion of a pipeline, feet

The series of deflection profilesin Figure 5.2 were developed using Equation 5.7 for the purpose
of showing how excavation length and deflection profile vary with changes in pipe diameter and
grade of stedl. In thisfigure, the large-diameter pipe of higher-grade stedl (36" OD, X52) has
similar deflection criteria to that of the small diameter pipe of lower-grade steel (20" OD, X42),
while the required trench length of the large-diameter pipe of low-grade steel (36" OD, X42) is
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349 ft longer than the small-diameter pipe of higher-grade steel (20" OD, X52). Clearly, thereis
considerable variability in the trench length requirements of in-service pipelines that appear to
have subtle differences in pipe characteristics. As this comparison demonstrates, if lengthy
excavations along a pipeline right-of-way are prohibitive, the location and type of pipeline will
need to be considered when selecting the freight pipeline corridor.
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Figure5.4. Profile of a Relocated Pipeline for Various Pipe Diameters and Strengths.

Finally, Equations 5.4 to 5.5 were used to determine the longitudinal stress available for bending
() for the pipeline casesin Table 5.2. This, in turn was used in Equation 5.8 to determine the
maximum free span between supports of the pipeline asit is being relocated. Methods used for
this support are presented in the next subsection.

4 _ 44
L= Jo.ozsssA(D d*) (E.58)

D®- 0.8724d°D

Pipeline Relocation Methods. Any movement of natural gas or hazardous liquid
pipelines must be performed in away that protects the pipe and its coating system. Furthermore,
excavation of a pipeline may cause unintended movement, due to residual stresses or temperature
changes, which requires that the pipeline be properly supported and laterally restrained. API
recommends several methods of supporting a pipeline during the relocation process. Methods by
which the pipe can be supported include the use of:

pig pens,
air bags,

earthen pillars,
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beam supported dlings,
side booms, and
gpoils from excavation

Regardless of the method used, the differential heights of these supports should be controlled so
that the expected final curvature of the pipeline is not exceeded during movement.

Inspection. As previously mentioned, the procedure for designing the relocation of a
pipeline does not apply to pipelines joined by oxyacetylene welds, mechanical joints, or girth
welds of known poor quality. Furthermore, pipes having corrosion or mechanical damage
exhibit aloss of section or weakening of the steel, both of which will concentrate stresses within
the material. Therefore, the exposed portion of the pipeline must be inspected at the welds and
along its length to detect any external corrosion or mechanical damage.

Cleanup. Backfilling and surface restoration are important tasks related to the
movement of pipelines. As previously mentioned, Sec. 195.252 of the Code of Federal
Regulations requires backfilling to be performed in a manner that protects the pipe coating and
provides firm support for the pipe. This protection can be done by using backfill materia that is
free of rocks or other hard objects, and by ensuring that the pipe rests firmly on the bottom of the
trench with sand or soft fill used as padding. Sec. 192.317 requires that operators take all
practicable steps to protect pipelines from washouts or other hazards. Such hazardscan be
prevented by restoring right-of-way contours to the origina grade, crowning the excavation with
backfill material in anticipation of soil settling, and installing water diversions.

Explicit Rules

The CFR provides rules that are specific to the movement of in-service hazardous liquid
pipelinesin Sec. 195.424. This rule requires pipeline operators to reduce the line pressurein a
pipeline to no more than 50 percent of its maximum operating pressure prior to movement. Also,
pipelines that are joined by welding and contain highly volatile liquids cannot be moved unless:

1. movement when the pipeline does not contain highly volatile liquids is impractical;

2. the procedures of the operator (their Procedural Manual for Operations, Maintenance, and
Emergencies) contains precautions to protect the public against the hazard associated
with movement of the pipeline; and

3. the pressure in the pipeline is reduced to the lower of:

(& no more than 50 percent of the maximum operating pressure; or
(b) the lowest practical level that will keep the highly volatile liquid in a liquid state
with continuous flow, but maintaining at least 50 psi gage above its vapor pressure.

There are no explicit regulations in 49 CFR Part 192 on the relocation of in-service natura gas
pipelines.
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Cost Considerations

The cost of relocating natural gas or hazardous liquid pipelines will depend upon factors such as
relocation depth and pipe properties, which will be reflected in the basic construction costs for
excavation, materials, labor, etc. Reconsidering the excavation length calculationsin Table 5.2,
the same cal culations can be made not only for an assumed relocation depth of 10 ft, but for any
anticipated depth. The research team prepared such calculations for three of the origina four
cases in one-ft intervals up to 10 ft, as shown in Figure 5.3. This plot illustrates how trends in
the required excavation length are similar for each of the cases, even though the pipe
characteristics are different.
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Figure5.5. Required Excavation Length of Pipeline Relocations for Selected Pipe
Characteristics.

Figure 5.5 shows that a change in relocation depth from 5 ft to 10 ft for the 20-inch OD X52 pipe
requires an additional 322 ft of excavation — additional costs would be incurred due to this 63-
percent increase in the required excavation length.

As an example of relocation costs, consideration should be given to the channel-deepening
project at the Houston Ship Channel, scheduled for completion in 2003. This project, which
involves 130 ft of widening and 5 ft of dredging, will require 100 oil and chemical company
pipelines that traverse the channel to be lowered. The cost of relocating each pipeline has been
estimated to be $100 million. Even though the scope of this project differs from that of the
freight pipeline, these cost estimates demonstrate the effort involved in lowering a pipeline by
several feet.
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Summary

Planning, design, and construction of the freight pipeline will require consideration of the natural
gas and hazardous liquid pipelines that exist throughout the Interstate 35 Laredo-Dallas corridor.
The section on “Excavation and Pipeline Relocation Practices” has been prepared to identify
issues related to the relocation of these facilities in terms of

1. safety, and
2. project feasibility

Approximately 80 of these pipelines will need to be relocated to accommodate the subterranean
freight pipeline. While these relocation efforts may seem small in comparison to the full scope
of this project, the importance of safety and the need to base decisions on complete information
demands the consideration of excavation and relocation issues at the earliest stages of project
development. For this process to be effective, the project must involve complete cooperation
between:

TxDOQOT,

consulting firms,

pipeline owners/operators, and
construction contractors.

Operators of both intrastate and interstate pipelines are required to participate in the state one-
call system, as prescribed in 49 CFR Parts 192 and 195. To comply with these rules, operators
must make available the information that is needed for the safe and effective relocation of each
pipeline facility. The extent to which relocation costs vary will depend upon the existing
conditions of the pipelines (depth, diameter, material, etc.) and the depth to which they must be
lowered.
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CHAPTER 6: FY 2003 WORK PLAN

FY 2003 WORK PLAN

The work plan for FY 2003 will finalize the Texas Transportation Institute’s (TTI) assessment of
the technical and economic feasibility of an underground freight system. Asin prior years, the
work plan will seek a design and operational strategy that produces a freight movement system
that wins for each stakeholder group — Texas citizens, TXDOT, shippers, and the existing freight
transportation industry. The work plan will aso finalize the evaluation of the economics of the
freight pipeline and establish whether underground freight movement is of sufficient a
transportation value to warrant the significant investment necessary to see it to fruition.

The FY 2003 work plan will complete the examination of several policy issues affecting the
viability of underground freight movement. Among these issueswill be the potential role of the
public sector relative to that of private sector users or beneficiaries. The operational model for
the freight pipeline, which is predicated on the business model established in Year 2 and
discussed in this report, will be completed with particular attention to management and control
issues.

Task 1 — Review Technical Specifications and Complete the Conceptual Design

Sub-task 1.1 — Review the Technical Parameters for the Main Transport Mechanism (MTM)

The final technical design for the MTM will be reviewed to determine if the proposed design
meets the functional and performance specifications established initially and if modifications are
required. The design issues that remain, such as door design, will be addressed in sufficient
detail to allow adjustments to costing to be included in the final economic evaluation.

Sub-task 1.2 — Review the Technical Parameters for the Conduit

The technical design parameters for the conduit relate primarily to final dimensions, reinforcing
requirements, prefabrication approaches, weight, and construction techniques. The need for a
built-in guide way will be considered, but detailed designs will be left to those charged with
building the system.

Sub-task 1.3 — Review the Technical Parameters for the Communications, Command, and
Control System

The communications, command, and control system will be approached functionally —the
specific functions and interactions with other system elements will be defined at a level of detall
sufficient to define system scope. The evaluation of the resulting system relative to cost will
likely be by comparing it to an already existing, smilar system.
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Sub-task 1.4 — Review the Technical Parameters for the Terminal and Material Handling System

FY 2003 efforts relative to the terminal and material handling system will focus primarily on
material handling requirements and needs. The work in FY 2002 examined the needs of the
termina and its functional layout without a detailed assessment of material handling needs. The
complexity of the material handling system, its reliability, and its cost are facets that will be
reviewed in the proposed work plan.

Task 2 —Identify and Discuss Design Elements Enhancing System Viability

Sub-task 2.1 — Examine the Value of I ntermediate Terminal Locations

The viability of the freight pipeline rests on its ability as a system to add value to the operations
of existing freight transportation companies. The number and location of terminalsis a
component of the overall logistical role the system might play for freight transportation as trade
with Mexico continues to increase. In addition, the distribution of more, smaller terminals may
alleviate some of the truck pressure that could potentially be placed on terminal access facilities
not designed for extreme truck traffic levels. In this sub-task the researchers will extend the
capacity ssmulation work undertaken in prior years to assess the need for and the role of
additional terminal locations and the impact on MTM distribution and utilization.

Sub-task 2.2 — Describe the Opportunities for Railroad Participation and the Resulting Terminal
Design Issues

The freight pipeline has been designed as an extension of the existing freight transportation
industry. This extension includes freight railroads, which, from a policy perspective, are central
to the public sector’ s efforts to mitigate the effects on the highway transportation system of
growing truck traffic. The business case for railroad participation in the freight pipeline will be
made in this sub-task and the impact on terminal design discussed.

Task 3 — Refine and Complete Economic Evaluation

SQub-task 3.1 — Refine the Economic Evaluation Framework

The form of the economic evaluation framework will be reviewed and refined in this sub-task to
allow the determination of costs relative to benefits for the freight pipeline system. The prior
work in the area has focused on two related elements — initial capital and annual costs relative to
the accrued benefits and avoided costs of transport by the freight pipeline.

Sub-task 3.2 — Continue Data Collection for Cost Analysis

In this sub-task the researchers will continue to collect and refine data on the costs comprising
the economic evaluation. The economic evaluation of the freight pipeline system requires cost
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data from sources ranging from component and construction costs for the freight pipeline to
avoided transportation and social costs such as pavement wear, transportation safety, emissions,
and land use. The accurate cataloging of these data is essential to a full and accurate appraisal of
the economics of transportation alternatives relative to the benefits and the new present value
represented by the investment. In this sub-task the researchers will continue to develop the most
precise cost and benefit estimates possible for the operational case or cases deemed most likely.

Task 4 — Establish the Estimated Marginal Cost of Operation and Resultant User Fees

Task 4 will be dedicated to determining the unitized cost of moving freight through the freight
pipeline and the required user fees that result from this assessment. The task will define the
freight pipeline shipment rate relative to the cost of over-the-road transport to determine the
economic attractiveness of the freight pipeline as an alternative to trucking companies.

Task 5— Complete Policy Assessments

Sub-task 5.1 — Define Preferred Public-Private Owner ship and Operations Options

The freight pipeline, depending entirely on whether the system appears economically viable, may
be evaluated as a potential investment for private enterprise or as an investment that requires
joint participation of public and private entities. Inthis sub-task the researchers will examine the
ownership and operations options depending on the degree of financial attractiveness and assess
financing or funding options.

In addition, the freight pipeline will require a managing body or board of directors that assumes
responsibility for the operation of the system over time as well as on a day-by-day basis. The
possibilities for the form of this managing body range from a port authority model to a corporate
model with executive management. In this sub-task the researchers will complete the evaluation
of the range of possibilities for an effective management structure and report on the pros and
cons of each option.

Sub-task 5.2 — Establish the Desirability and Feasibility of Bi-national Cooperation with Mexico
on Freight Pipeline Construction and Operations

The economic viability of the freight pipeline will be afunction of the amount of traffic it can
induce from the trucking industry. In this sub-task the researchers will assess the added benefits
in terms of time savings and costs of extending the southern terminus into the interior of Mexico
to asignificant market location such as Monterey. These benefits will be contrasted to the costs
and bureaucratic impediments associated with pre-clearance by customs, US DOT, DEA, and
others. Discussions with appropriate Mexican authorities in Monterey or Mexico City will be
undertaken as a part of this sub-task.
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Task 6 — Evaluate Constructability

Sub-task 6.1 — Examine Construction Methods and Cost Reduction Strategies

In sub-task 6.1 the researchers will identify the issues pertinent to the construction methods that
will be required to build the underground freight system. An integral part of this sub-task will be
to seek the best, most current, and most cost effective construction methods appropriate to the
design.

Sub-task 6.2 — Evaluate Regulatory |ssues Associated with Freight Pipeline Construction

In sub-task 6.2 the researchers will document the regulatory issues potentially impacting freight
pipeline construction or operations. These issues may include land acquisition issues,
international trade issues, or transportationrelated topics.

Sub-task 6.3 — Discuss Potential Construction Time Lines and Scheduling Issues

The time required to construct the freight pipeline would depend on many factors, ranging from
theinitial length of the system to the number of construction locations working on building the
system. Inthis sub-task the researchers will discuss some of the issues affecting the construction
schedule.

Sub-task 6.4 — Identify Potential 1mpediments to, and I mplementation I ssues with Freight
Pipeline Construction

The construction process for most major projects is subject to the unexpected or unpredicted
influence of highly variable factors that can delay the completion or escalate the cost of the
effort. In sub-task 6.4 the researchers will examine those factors that can be identified as
potential impediments and describe the possible impacts.

Sub-task 6.5 — Continue to Evaluate | ssues Associated with Right-of-Way Acquisition

The use of existing, publicly owned ROW to construct a freight pipeline could improve the
feasibility of the project by reducing cost and contention with private concerns. In this sub-task
the researchers will continue the collection of information concerning the possibility of system
placement in publicly owned corridors as well asin new or planned rights of way. The issue of
acquisition of property through eminent domain versus obtaining an easement will also be
explored.
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Task 7 — Define Potential Next Stepsin Underground Freight Transportation

Sub-task 7.1 — Establish the Potential for a Demonstration Project of Freight Pipeline
Technology

If the economics warrant, in sub-task 7 the researchers will assess the possibilities for testing and
demonstrating the freight pipeline system in an operational setting that supports a cost effective
project. This sub-task will include early discussions with the Federal Highway Administration’s
Office of Intermodalism and Office of Freight Management. A presentation to these groups on
the research accomplishments to date will be planned for as early in FY 2003 as possible.

Task 8 — Document the Results of Year 4 in a Final Report

Sub-task 8.1 — Document the Results of Year 4 Research in a Comprehensive Research Report

The results of the Year 4 work plan will be documented in afinal research report.

Sub-task 8.2 — Develop Animation Showing Freight Pipeline Operations

The freight pipeline system’s design and operations will beillustrated in a 6 to 10- minute
animation produced by TTI’s Information and Technology and Exchange Center. The animation
will be paid for by project implementation funds.

Sub-task 8.3 — Develop a Power Point Presentation on the Freight Pipeline Research Effort and
Results

A PowerPoint presentation detailing the projects impetus, sponsors, goals, and outcome will be
developed as a deliverable to accompany the animation described in sub-task 8.2.

Sub-task 8.4 — Develop, as a Major Deliverable, CD Containing Animation, PowerPoint, and
Year 1to Year 4 Reports

The animation, PowerPoint presentation, and Research Reports 1 to 4 will be stored on CD-
ROM as an additional product to facilitate communications.
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CHAPTER 7. SUMMARY AND CONCLUSIONS

SUMMARY

The research undertaken in Year 3 has concluded much of the conceptual design work for
severa key technical areas of the freight pipeline system including the main transport
mechanism (MTM), the terminal system, and the communications, command, and control
elements. In addition, the year saw significant enhancements to the ssmulation modeling that, in
turn, assisted in establishing the size of the terminals required to serve the number of customers
expected during initial phases of pipeline operations.

Perhaps most importantly, this report initiates the assessment of the economic issues associated
with constructing and operating the freight pipeline. The economic evaluation framework
developed includes the order-of- magnitude estimates for the capital expenditures required to
provide the underground infrastructure, estimates of the cost of operations, and estimates for cost
of MTMs. In addition, the economic evaluation framework provides an assessment of the
benefits that accrue through costs avoided by removing truck-borne freight from the highway
system. This element of the evaluation is among the most significant contributors to system
viability and provides the public-sector stakeholders with the return on investment that justifies
the departure from more routine transportation expenditures. A second component of the
economic evaluation is the determination of the marginal cost of operaion. This assessment is
the second key to the operational viability of the system and central to the system’s ability to
induce use by the identified user groups — the established freight transportation industry.

The marginal cost of operations, which will be fully determined in Y ear 4, will estimate the cost
to move 1 ton of freight 1 mile for the freight pipeline. This cost will be compared to the same
cost figure for over-the-road shipment by truck. The efficiency with which the freight pipeline
can perform this function will determine the level of use by the trucking industry and, through
pricing policy, determine the rate at which the system can address capital expenditures.

Operationaly, the freight pipeline has been positioned as an extension of the existing freight
transportation industry through a business model that passes a portion of the transportation cost
savings back to the user. This approach has met with initial approval by the trucking industry,
which would be among the principal bereficiaries of this system. This business model
formulation is proposed in explicit recognition of the partnership that exists between Texas,
TxDOQOT, the shippers, and the freight transportation industry. The working premise guiding the
current research is based on the notion that, to be viable as an alternative to traditiona freight
transportation approaches, a non-traditional freight system should provide tangible benefits to all
stakeholders.

In Year 4 attention will be paid to the possibility of extending the freight pipeline beyond the
Texas border into Mexico. The extension into Mexico could significantly improve the
performance advantage of the system over traditional transport by pre-screening and pre-clearing
shipments at the terminal locations, bypassing the normal border impediments, and expressing
goods to the receiver far faster than the alternatives. Since the system is closed, once goods are
screened there would be no opportunity to tamper with the shipment. The logical location for a
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southern terminus would be in the vicinity of Monterey, Mexico. In addition to improving the
performance of the system, the extension would enhance national security by providing a better
controlled import and export mechanism and it would serve to reduce pressure for bilateral
trucking operations in the US and Mexico as called for by NAFTA.

Alsoin Year 4, research will explore the benefits associated with scaling up the system to
accommodate containers, thereby allowing a direct transfer between trucks anrd MTMs or
between MTMs and intermodal rail cars. Severa factors contribute to this expanded focus.
First, for economic reasons, the initial research approach centered on constructing the smallest
possible conduit in order to minimize capital expenditures. Preliminary results from the
economic analysis indicate that substantial public benefits accrue as a function of truck traffic
levels diverted to the pipeline and that cost minimization concerns may not be the most
important consideration, or at least may be overcome by the benefits achieved. Second, with a
pallet-based system, concerns arose regarding the material handling challenge posed by trans-
loading thousands of individual pallets each day. The use of containers forestalls the need to
handle pallets a any time. Third, eliminating trans- loading reduces the need for terminal
infrastructure and potentially improves system throughput. Given the potentia for system
enhancement, each of these issues will be explored in detail during the final year of
investigation.

CONCLUSIONS

The preliminary conclusion resulting from the third year of work on the freight pipeline concept
isthat the system appears to offer substantial benefits to stakeholders in the form of avoided
costs — even under what the research team believes is a conservative economic assessment of
both costs and levels of use. The Year 4 Work Plan, while moving toward afinal economic
assessment, will also focus on the policy issues that affect system feasibility. Data collection
efforts will attempt to refine the costs estimates for the underground freight pipeline system to
provide the best estimate of system cost possible under the constraints associated with a
conceptua design study of this type.

Asin Year 2, the preliminary results led the research team to the conclusion that, while
unconventional, underground freight movement may offer such awide array of benefits that its
high initial cost is quickly offset by a steady stream of tangible benefits. The benefits are both in
the form of avoided costs and transportation efficiencies. The design goal of a 50- year system
life greatly extends the timeframe over which benefits accrue and thus creates a more than ample
opportunity for the initial investment to pay back a premium in the form of saved lives, improved
air quality, lessened congestion and pavement wear.

The fina year of research will bring to completion a research project intended to test whether
underground freight transport is feasible and economically viable. The research team has
attempted to establish design requirements that specify a system which makes a difference in the
levels of freight transported on the Texas portion of 1-35 — a difference that warrants a closer
look at a new way to view freight transportation The concluding year of work will determine if
the economics of freight movement will support aradical departure from the status quo and call
for a closer look at moving goods underground.
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AVERAGE LOW BID UNIT PRICESFOR CONDUIT CONSTRUCTION ACTIVITES

Chapter 4 describes various methods of determining the cost of constructing the freight pipeline

conduit. Estimates were prepared that use the 12- month average low bid prices published by
TxDOT, both statewide and by mgjor city, to calculate major cost categories. Table A.1 lists
TxDOT unit costs that were used in the calculations shown in Table 4.1 of this report. Also,
Table A.2 lists the unit costs that were used to prepare the plot shown in Figure 4.1.

Table A.1. TXDOT Average Low Bid Unit Pricesfor Construction Tasks.

12-Month Average L ow Bid Unit Price
Description Units San ' Fort Average | Statewide
LR Antonio Austin Waco Worth RS Bid Average

Prepare ROW AC $1,546 $3,750 $900 NA $4,200 $2,000 $2,479 $3,336
Embankment CY NA NA NA NA NA NA NA $5
Trench
Excavation LF $2.19 $1.63 $2.12 $6.29 $1.34 NA $2.71 $1.65
Protection
Excavation
(Channel) CcY $2.37 $4.08 $12.00 $4.00 $7.76 $8.49 $6.45 $4.31
Excavation
(Roadway) CcY $4.46 $3.67 $6.11 $2.99 $3.19 $4.53 $4.16 $4.16
Structural
(EC‘;Z\Q ation cY $9.33 NA |  $11.00 $5.00| $11.88 NA $9.30 $9.48
Culvert)
Structural
Excavation CcY $10.00 $3.00 $4.31 $5.77 $4.98
(Trench)
Backfill STA $35.17 $58.12 | $100.00 $28.66 $58.08 $75.00 $59.17 $87.64
Lime Treated
Subgrade SY $0.94 $0.96 $1.09 $1.04 $0.73 $0.95 $0.92
(6in.)
M obilization LS $163,130 | $185,381 | $127,526 | $166,654 | $160,549 | $485,770 | $214,835| $229,207
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TableA.2. TXDOT Average Low Bid Pricesfor Concrete Box Culverts.

12-Month Average Low Bid Unit Price Price
Culvert Area per

Dimensions San . Fort Average | Statewide | Square
(ft x ft) i) | ke Antonio Austin | Waco Worth Rl Bid Average Igoot*

($/ft2)
3x2 6 $144.10 | $208.49 $75.00 | $125.00 | $138.15 $110.47 | $18.41
4x4 16 $131.08 | $250.00 $115.00 $165.36 $163.72 | $10.23
5x4 20 $158.52 | $206.95 | $230.00 $189.69 | $196.29 $172.10 $8.61
6x4 24 | $187.40 | $237.63 [ $295.47 $200.00 | $230.13 $211.69 $8.82
6x6 36 $324.36 | $195.00 $250.63 | $256.66 $314.61 $8.74
7x7 49 [ $374.00 $425.00 $275.00 | $358.00 $307.11 $6.27
8x4 32 | $232.00 | $284.43 [ $492.24 | $253.00 | $325.00 | $227.36 | $302.34 $286.64 $8.96
8x6 48 $430.55 | $292.60 | $361.58 $365.58 $7.62
9x5 45 $467.36 $221.00 | $344.18 $260.21 $5.78
9x6 54 $632.74 $632.74 $399.79 $7.40
10x6 60 | $641.11 $600.00 $310.00 | $517.04 $630.25 | $10.50
10x8 80 $431.89 $450.00 | $383.68 | $421.86 $638.47 $7.98
10x9 90 | $587.84 $587.84 $436.65 $4.85
10x 10 100 $396.28 $3.96

* Price per square foot is based on statewide average costs.
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RULESPERTAINING TO PIPELINE RELOCATIONSWITHIN THE
CODE OF FEDERAL REGULATIONS

INTRODUCTION

As described by the Office of the Federa Register, National Archives and Records
Administration, the Code of Federal Regulations is a codification of the general and permanent
rules published in the Federal Register by Executive departments and agencies of the Federal
Government. This Code is divided into 50 titles, such as labor, education, etc., with Title 49
pertaining specifically to transportation. Title 49-Transportation is divided into 11 chapters that
bear the name of the issuing agency, with each chapter further subdivided into parts covering
specific regulatory areas. Each volume of the Code is revised annually, based on the schedule
shown in Table B.1.

TableB.1. Revison Datesfor the Code of Federal Regulations.

Title Number Annual Issue Date
Title 1 through Title 16 January 1
Title 17 through Title 27 April 1
Title 28 through Title 41 July 1
Title 42 through Title 50 October 1

ORGANIZATION OF TITLE 49 CODES

Each chapter of Title 49-Transportation contains the rules prepared by distinct Federal
transportation agencies under the Department of Transportation. The portion of the Code of
Federal Regulations pertaining to thistitle is arranged as follows:

Title 49-Transportation

Subtitle A — Office of the Secretary of Transportation (Parts 1 — 99)
Subtitle B — Other Regulations Relating to Transportation
Chapter:
|  Research and Special Programs Administration (Parts 100 — 199)
Il Federal Railroad Administration (Parts 200 — 229)
1l Federal Motor Carrier Safety Administration (Parts 300 — 399)
IV Coast Guard (Parts 400-499)
V  Nationa Highway Traffic Safety Administration(Parts 500 —599)
VI Federa Transit Administration (Parts 600-699)
VIl National Railroad Passenger Corporation (AMTRACK) (Parts 700 — 799)
V111 National Transportation Safety Board (Parts 800 — 999)
X Surface Transportation Board (Parts 1000 — 1399)
X1 Bureau of Transportation Statistics (Parts 1400 — 1499)
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Parts 1 —99 in Subtitle A of Title 49 pertain to rules governing the administrative procedures
within the Office of the Secretary of Transportation. Whereas, Parts 100 — 1499 in Subtitle B of
Title 49 pertain to rules established by each of the Transportation agencies, as named in Chapters
| through XI.

PIPELINE SAFETY REGULATIONS

Rules that govern pipeline transportation are outlined under Title 49-Transportation, Subtitle B-
Other Regulations Relating to Transportation, Chapter |-Research and Specia Programs
Administration (Parts 100 — 199). These rules cover all aspects of pipeline safety, including the
construction, operation, monitoring, testing, and protection of gas and hazardous liquid pipelines.
As aresult, construction of the freight pipeline in areas near, or in the direct path of, such
pipelines must observe the rules found in Chapter I.

The minimum Federal safety standards for pipelines having direct application to the construction
of the freight pipeline facility are described in the following sections. The implications of these
rules with respect to construction of the freight pipeline are discussed in Chapter 5, while the
description of each rule in this appendix is reproduced verbatim in order to maintain their legal
accuracy.

Part 192 — Transportation of Natural and Other Gas by Pipdine

This part prescribes minimum safety requirements for pipeline facilities and the transportation of
gas, including pipeline facilities. However, this part does not apply to onshore gathering of gas
outside areas within the limits of any incorporated or unincorporated city, town, or village; or
designated residential or commercial areas such as a subdivision, business or shopping center, or
community development. Nor does this part apply to any pipeline system that transports only
petroleum gas or petroleum gas/air mixtures to fewer than 10 customers (if no portion of the
system islocated in a public place), or a single customer if the system is located entirely on the
customer’ s premises.

Subpart A — General
This subpart defines terminology, class locations, documentation requirements, and notification
procedures.

Sec. 192.5. Class Locations
(& This section classifies pipeline locations for purposes of this part. The following
criteria apply to classification under this section.
(1) A “class location unit” is an onshore area that extends 220 yards (200
meters) on either side of the centerline of any continuous 1- mile (1.6
kilometers) length of pipeline.
(2) Each separate dwelling unit in a multiple dwelling unit building is counted
as a separate building intended for human occupancy.
(b) Except as provided in paragraph (c) of this section, pipeline locations are
classified as follows:
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(1) A Class 1 location is:
() An offshore area; or
(i) Any class location unit that has 10 or fewer buildings intended for
human occupancy.
(2) A Class 2 location is any class location unit that has more than 10 but
fewer than 46 buildings intended for human occupancy.
(3) A Class 3 location is:
() Any class location unit that has 46 or more buildings intended for
human occupancy; or
(i) Anareawhere the pipeine lies within 100 yards (91 meters) of
either a building or a small, well-defined outside area (such as a
playground, recreation area, outdoor theater, or other place of
public assembly) that is occupied by 20 or more persons on at least
5 days aweek for 10 weeks in any 12- month period. (The days
and weeks need not be consecutive.)
(4) A Class4 location is any class location unit where buildings with four or
more stories above ground are prevalent.
(c) Thelength of Class 2, 3, and 4 may be adjusted as follows:
(1) A Class 4 location ends 220 yards (200 meters) from the nearest building
with four or more stories above ground.
(2) When a cluster of buildings intended for human occupancy requires a
Class 2 or 3 location, the class location ends 220 yards (200 meters) from
the nearest building in the cluster.

Subpart G — General Construction Requirements for Transmission Lines and Mains
This subpart prescribes minimum requirements for constructing transmission lines and mains.

Sec. 192.317. Protection from Hazards

(& The operator must take all practicable steps to protect each transmission line or
main from washouts, floods, unstable soil, landdlides, or other hazards that may
cause the pipeline to move or to sustain abnormal loads. In addition, the operator
must take all practicable steps to protect offshore pipelines from damage by
mudslides, water currents, hurricanes, ship anchors, and fishing operations.

(b) Each aboveground transmission line or main, not located offshore or in inland
navigable water areas, must be protected from accidental damage by vehicular
traffic or other similar causes, either by being placed at a safe distance from the
traffic or by installing barricades.

(c) Pipelines, including pipe risers, on each platform located offshore or in inland
navigable waters must be protected from accidental damage by vessels.

Sec. 192.319. Installation of Pipein aDitch

(& When ingtalled in a ditch, each transmission line that is to be operated at a
pressure producing a hoop stress of 20 percent or more of SMY S must be

Texas Transportation Institute B-5 Multimodal Freight Transportation Programs



installed so that the pipe fits the ditch so as to minimize stresses and protect the
pipe coating from damage.

(b) When a ditch for a transmission line or main is backfilled, it must be backfilled in
a manner that:

(&) Provides firm support under the pipe; and
(b) Prevents damage to the pipe and pipe coating from equipment or from the
backfill material.

(c) All offshore pipein water at least 12 feet (3.7 meters) deep but not more than 200
feet (61 meters) deep, as measured from the mean low tide, except pipe in the
Gulf of Mexico and its inlets under 15 feet (4.6 meters) of water, must be installed
so that the top of the pipe is below the natural bottom unless the pipe is supported
by stanchions, held in place by anchors or heavy concrete coating, or protected by
an equivalent means. Pipe in the Gulf of Mexico and its inlets under 15 feet (4.6
meters) of water must be installed so that the top of the pipe is 36 inches (914
millimeters) below the seabed for normal excavation or 18 inches (457
millimeters) for rock excavation.

Sec. 192.323. Casing

Each casing used on a transmission line or main under a railroad or highway must
comply with the following:

(8 The casing must be designed to withstand the superimposed |oads.

(b) If thereisapossibility of water entering the casing, the ends must be sealed.

(o) If the ends of an unvented casing are sealed and the sealing is strong enough to
retain the maximum allowable operating pressure of the pipe, the casing must be
designed to hold this pressure at a stress level of not more than 72 percent of
SMYS.

(d) If vents are installed on a casing, the vents must be protected from the weather to
prevent water from entering the casing.

Sec. 192.325. Underground Clearance

(8 Each transmission line must be installed with at least 12 inches (305 millimeters)
of clearance from any other underground structure not associated with the
transmission line. If this clearance cannot be attained, the transmission line must
be protected from damage that might result from the proximity of the other
structure.

(b) Each main must be installed with enough clearance from any other underground
structure to allow proper maintenance and to protect against damage that might
result from proximity to other structures.

(©) In addition to meeting the requirements of paragraph (a) or (b) of this section,
each plastic transmission line or main must be installed with sufficient clearance,
or must be insulated, from any source of heat so as to prevent the heat from
impairing the serviceability or the pipe.

(d) Each pipe-type or bottle-type holder must be installed with a minimum clearance
from any other holder as prescribed in Sec 192.175 (b).
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Subpart H — Customer Meters, Service Regulators, and Service Lines
This subpart prescribes minimum requirements for installing customer meters, service regulators,

service lines, service line valves, and service line connections to mains.

Sec. 192.361. Service Lines; Installation

(&) Depth. Each buried service line must be installed with at least 12 inches (305
millimeters) of cover in private property and at least 18 inches (457 millimeters)
of cover in streets and roads. However, where an underground structure prevents
installation at those depths, the service line must be able to withstand any
anticipated external load.

(b) Support and Backfill. Each service line must be properly supported on
undisturbed or well-compacted soil, and material used for backfill must be free of
materials that could damage the pipe or its coating.

(c) Grading for drainage. Where condensate in the gas might cause interruption in
the gas supply to the customer, the service line must be graded so asto drain into
the main or into drips at the low points in the service line.

(d) Protection against piping strain and external loading. Each service line must be
installed so as to minimize anticipated piping strain and externa loading.

(e) Installation of service linesinto buildings. Each underground service line
installed below grade through the outer foundation wall of a building must:

(1) Inthe case of ametal service line, be protected against corrosion;

(2) Inthe case of aplastic service line, be protected from shearing action and
backfill settlement; and

(3) Be sealed at the foundation wall to prevent leakage into the building.

(f) Installation of service lines under buildings. Where an underground service line
isinstalled under a building:

(1) It must be encased in a gas tight conduit;

(2) The conduit and the service line must, if the service line supplies the
building it underlies, extend into a normally usable and accessible part of
the building; and

(3) The space between the conduit and the service line must be sealed to
prevent gas leakage into the building and, if the conduit is sealed at both
ends, a vent line from the annular space must extend to a point where gas
would not be a hazard, and extend above grade, terminating in arain and
insect resistant fitting.

Subpart L — Operations
This subpart prescribes minimum requirements for the operation of pipeline facilities.

Sec. 192.614. Damage Prevention Program
(8) Except as provided in paragraphs (d) and (e) of this section, each operator of a
buried pipeline must carry out, in accordance with this section, awritten program

to prevent damage to that pipeline from excavation activities. For the purposes of
this section, the term “excavation activities’” includes excavation, blasting, boring,
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tunneling, backfilling, the removal of aboveground structures by either explosive
or mechanical means, and other earthmoving operations.

(b) An operator may comply with any of the requirements of paragraph (c) of this
section through participation in a public service program, such as a one-call
system, but such participation does not relieve the operator of responsibility for
compliance with this section. However, an operator must perform the duties of
paragraph (c)(3) of this section through participation in a one-call system, if that
one-call system isaqualified one-call system. In areas that are covered by more
than one qualified one-call system, an operator need only join one of the qualified
one-call systemsiif there is a central telephone number for excavators to call for
excavation activities, or if the one-call systems in those areas communicate with
one another. An operator’s pipeline system must be covered by a qualified one-
call system where thereisone in place. For the purpose of this section, a one-call
system is considered a “qualified one-call system” if it meets the requirements of
section (b)(1) or (b)(2) of this section.

(1) The state has adopted a one-call damage prevention program under Sec.
198.37 of this chapter; or

(2) Theone-call system:

(i) Isoperated in accordance with Sec. 198.39 of this chapter;
(i) Provides a pipeline operator an opportunity similar to a voluntary
participant to have in management responsibilities; and
(i) Assesses a participating pipeline operator a fee that is
proportionate to the costs of the one-call system’s coverage of the
operator’s pipeline.

(c) The damage prevention program required by paragraph (@) of this section must, at
a minimum:

(2) Include the identity, on a current basis, of persons who normally engage in
excavation activities in the area in which the pipeline is located.

(2) Provide for notification of the public in the vicinity of the pipeline and
actual notification of the persons identified in paragraph (c)(1) of this
section of the following as often as needed to make them aware of the
damage prevention program:

() The program’s existence and purpose; and
(i) How to learn the location of underground pipelines before
excavation activities are begun.

(3) Provide ameans of receiving and recording notification of planned
excavation activities.

(4) If the operator has buried pipelines in the area of excavation activity,
provide for actual notification of persons who give notice of their intent to
excavate of the type of temporary marking to be provided and how to
identify the markings.

(5) Provide for temporary marking of buried pipelines in the area of
excavation activity before, asfar as possible, the activity begins.

(6) Provide as follows for inspection of pipelines that an operator has reason
to believe could be damaged by excavation activities:
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() The inspection must be done as frequently as necessary during and
after the activities to verify the integrity of the pipeline; and
(if) Inthe case of blasting, any inspection must include leakage
surveys.

(d) A damage prevention program under this section is not required for the following
pipelines:

(1) Pipelines located offshore.

(2) Pipelines other than those located offshore, in Class 1 or 2 locations until
September 20, 1995.

(3) Pipelinesto which access is physically cortrolled by the operator.

(e) Pipelines operated by persons other than municipalities (including operators of
master meters) whose primary activity does not include the transportation of gas
need not comply with the following:

(1) Therequirement of paragraph (a) of this section that the damage program
be written; and
(2) The requirements of paragraphs (c)(1) and (c)(2) of this section.

Sec. 192.629. Purging of Pipelines

(& When apipelineis being purged of air by use of gas, the gas must be released into
one end of the line in a moderately rapid and continuous flow. |If gas cannot be
supplied in sufficient quantity to prevent the formation of a hazardous mixture of
gas and air, a dug of inert gas must be released into the line before the gas.

(b) When apipelineis being purged of gas by use of air, the air must be released into
one end of the line in amoderately rapid and continuous flow. If air cannot be
supplied in sufficient quantity to prevent the formation of a hazardous mixture of
gas and air, adug of inert gas must be released into the line before the air.

Subpart M — Maintenance
This subpart prescribes minimum requirements for maintenance of pipeline facilities.

Sec. 192.755. Protecting Cast-1ron Pipelines

When an operator has knowledge that the support for a segment of a buried cast-iron
pipeline is disturbed:
(& That segment of the pipeline must be protected, as necessary, against damage
during the disturbance by:
(1) Vibrations from heavy construction equipment, trains, trucks, buses, or
blasting;
(2) Impact forces by vehicles,
(3) Earth movement;
(4) Apparent future excavations near the pipeline; or
(5) Other foreseeable outside forces which may subject that segment of the
pipeline to bending stress.
(b) Assoon as feasible, appropriate steps must be taken to provide permanent
protection for the disturbed segment from damage that might result from external
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loads, including compliance with applicable requirements of Secs. 192.317(a),
192.319, and 192.361(b) — (d).

Definitions
Specific terms used in Part 192 are defined below:

Distribution Line — a pipeline other than a gathering or transmission line.

Gas — natura gas, flammable gas, or gas that is toxic or corrosive.

Gathering Line — a pipeline that transports gas from a current production facility to a
transmission line or main.

M ain — adistribution line that serves as a common source of supply for more than one
service line.

Municipality — acity, county, or any other political subdivision of a State.

Operator — a person who engages in the transportation of gas

Pipe—any pipe or tubing used in the transportation of gas, including pipe-type holders.

Pipeline—all parts of those physical facilities through which gas moves in transportation,
including pipe, valves, and other appurtenance attached to pipe, compressor units,
metering stations, regulator stations, delivery stations, holders, and fabricated assemblies.

Pipeline Facility — new and existing pipelines, rights-of-way, and any equipment, facility, or
building used in the transportation of gas or in the treatment of gas during the course of
transportation.

Service Line—adistribution line that transports gas from a common source of supply to (1)
a customer meter or the connection to a customer’s piping, whichever is farther
downstream, or (2) the connection to a customer’s piping if there is no customer meter.

A customer meter is the meter that measures the transfer of gas from an operator to a
consumer.

SMY S — the specified minimum yield strength, which is:

(1) For sted pipe manufactured in accordance with alisted specification, the
yield strength specified as a minimum in that specification; or

(2) For stedl pipe manufactured in accordance with an unknown or unlisted
specification, the yield strength determined in accordance with Sec.
192.107 (b).

Transmission Line—apipdline, other than a gathering line, that:

(& Transports gas from a gathering line or storage facility to a
distribution center, storage facility, or large volume customer that
is not downstream from a distribution center;

(b) Operates at a hoop stress of 20 percent or more of the specified
minimum yield strength; or

(c) Transports gas within a storage field. A large volume customer
may receive similar volumes of gas as a distribution center, and
includes factories, power plants, and institutional users of gas.

Transportation of Gas — the gathering, transmission, or distribution of gas by pipeline or the
storage of gas, in or affecting interstate or foreign commerce.
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Part 195 — Transportation of Hazardous Liquids by Pipeline

This part prescribes safety standards and reporting requirements for pipeline facilities used in the
trangportation of hazardous liquids or carbon dioxide. Each of the rules pertain to the transport
of fluidsin other than low-stress pipelines, and which contain highly volatile liquids, other
hazardous liquids not in a gaseous state, and carbon dioxide.

Subpart D — Construction

This subpart prescribes minimum requirements for constructing new pipeline systems with steel
pipe, and for relocating, replacing, or otherwise changing existing pipeline systems that are
constructed with steel pipe. However, this subpart does not apply to the movement of pipe
covered by Sec. 195.424.

Sec. 195.250. Clearance Between Pipe and Underground Structures

Any pipe installed underground must have at least 12 inches (305 millimeters) of
clearance between the outside of the pipe and the extremity of any other underground
structure, except that for drainage tile the minimum clearance may be less than 12
inches (305 millimeters) but not less than 2 inches (51 millimeters). However, where
12 inches (305 millimeters) of clearance is impracticable, the clearance may be
reduced if adequate provisions are made for corrosion control.

Sec. 195.252. Backfilling

Backfilling must be performed in a manner that protects any pipe coating and provides
firm support for the pipe.

Sec. 195.256. Crossing of Railroads and Highways

The pipe at each railroad or highway crossing must be installed so as to adequately
withstand the dynamic forces exerted by anticipated traffic loads.

Sec. 195.266. Construction Records

A complete record that shows the following must be maintained by the operator involved
for the life of each pipeline facility:
(& The total number of girth welds and the number nondestructively tested, including
the number rgjected and the disposition of each rejected weld.
(b) The amount, location and cover of each size of pipe installed.
(c) Thelocation of each crossing of another pipeline.
(d) The location of each buried utility crossing.
(e) Thelocation of each overhead crossing.
() The location of each valve and corrosion test station.
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Subpart F — Operation and Maintenance
This subpart prescribes minimum requirements for operating and maintaining pipeline systems
constructed with steel pipe.

Sec. 195.402. Procedural Manual for Operatiors, Maintenance, and Emergencies

(&) General. Each operator shall prepare and follow for each pipeline system a
manual of written procedures for conducting normal operations and maintenance
activities and handling abnormal operations and emergencies. This manual shall
be reviewed at intervals not exceeding 15 months, but at least once each calendar
year, and appropriate parts shall be kept at |ocations where operations and
mai ntenance activities are conducted.

(b) The Administrator or the State Agency that has suomitted a current certification
under the pipeline safety laws (49 U.S.C. 60101 et seq.) with respect to the
pipeline facility governed by an operator’s plans and procedures may, after notice
and opportunity for hearing as provided in CFR 190.237 or the relevant State
procedures, require the operator to amend its plans and procedures as necessary to
provide areasonable level of safety.

(c) Maintenance and normal operations. The manual required by paragraph (a) of
this section must include procedures for the following to provide safety during
maintenance and normal operations:

(1) Making construction records, maps, and operating history available as
necessary for safe operation and maintenance.

(2) Gathering of data needed for reporting accidents under subpart B of this
part in atimely and effective manner.

(3) Operating, maintaining, and repairing the pipeline system in accordance
with each of the requirements of this subpart.

(4) Determining which pipeline facilities are located in areas that would
require an immediate response by the operator to prevent hazards to the
public if the facilities failed or malfunctioned.

(5) Analyzing pipeline accidents to determine their causes.

(6) Minimizing the potential for hazards identified under paragraph (c)(4) of
this section and the possibility of recurrence of accidents analyzed under
paragraph (c)(5) of this section.

(7) Starting up and shutting down any part of the pipeline system in a manner
designed to assure operation within the limits prescribed by Sec. 195.406,
consider the hazardous liquid or carbon dioxide in transportation,
variations in atitude along the pipeline, and pressure monitoring and
control devices.

(8) In the case of a pipeline that is not equipped to fail safe, monitoring from
an attended |ocation pipeline pressure during startyp until steady state
pressure and flow conditions are reached and during shut-in to assure
operation within limits prescribed by Sec. 195.406.

(9) In the case of facilities not equipped to fail safe that are identical under
paragraph 195.402 (c)(4) or that cortrol receipt and delivery of the
hazardous liquid or carbon dioxide, detecting abnormal operating
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conditions by monitoring pressure, temperature, flow or other appropriate
operational data and transmitting this data to an attended location.

(10) Abandoning pipeline facilities, including safe disconnection from an
operating pipeline system, purging of combustibles, and sealing
abandoned facilities left in place to minimize safety and environmental
hazards. For each abandoned onshore pipeline facility that crosses over,
under or through commercialy navigable waterways the last operator of
that facility must file a report upon abandonment of that facility in
accordance with Sec. 195.59 of this part.

(11) Minimizing the likelihood of accidental ignition of vapors in areas near
facilities identified under paragraph (c)(4) of this section where the
potentia exists for the presence of flammable liquids or gases.

(12) Establishing and maintaining liaison with fire, police, and other
appropriate public officials to learn the responsibility and resources of
each government organization that may respond to a hazardous liquid or
carbon dioxide pipeline emergency and acquaint the officials with the
operator’s ability in responding to a hazardous liquid or carbon dioxide
pipeline emergency and means of communication.

(13) Periodically reviewing the work done by operator personnel to determine
the effectiveness of the procedures used in normal operation and
maintenance and taking corrective action where deficiencies are found.

(14) Taking adequate precautions in excavated trenches to protect personnel
from the hazards of unsafe accumulations of vapor or gas, and making
available when needed at the excavation, emergency rescue equipment,
including a breathing apparatus and a rescue harness and line.

(d) Abnormal operation. The manual required by paragraph (a) of this section must
include procedures for the following to provide safety when operating design
limits have been exceeded:

(1) Responding to, investigating, and correcting the cause of:

() Unintended closure of valves or shutdowns,

(i) Increase or decrease in pressure or flow rate outside normal
operating limits;

(ili) Lossof communications;

(iv) Operation of any safety device;

(v) Any other malfunction of a component, deviation from normal
operation, or personnel error which could cause a hazard to
persons or property.

(2) Checking variations from normal operation after abnormal operation has
ended at sufficient critical locations in the system to determine continued
integrity and safe operation.

(3) Correcting variations from normal operation of pressure and flow
equipment and controls.

(4) Notifying responsible operator personnel when notice of an abnormal
operation is received.
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(5) Periodicaly reviewing the response of operator personnel to determine the
effectiveness of the procedures controlling abnormal operation and taking
corrective action where deficiencies are found.

(e) Emergencies. The manual required by paragraph (@) of this section must include
procedures for the following to provide safety when an emergency condition
OCCUrs:

(1) Receiving, identifying, and classifying notices of events which need
immediate response by the operator or notice to fire, police, or other
appropriate public officials and communicating this information to
appropriate operator personnel for corrective action.

(2) Prompt and effective response to a notice of each type emergency,
including fire or explosion occurring near or directly involving a pipeline
facility, accidental release of hazardous liquid or carbon dioxide from a
pipeline facility, operational failure causing a hazardous condition, and
natural disaster affecting pipeline facilities.

(3) Having personnel, equipment, instruments, tools, and material available as
needed at the scene of an emergency.

(4) Taking necessary action, such as emergency shutdown or pressure
reduction, to minimize the volume of hazardous liquid or carbon dioxide
that is released from any section of a pipeline system in the event of
failure.

(5) Control of released hazardous liquid or carbon dioxide at an accident
scene to minimize the hazards, including possible intentional ignition in
the cases of flammable highly volatile liquid.

(6) Minimization of public exposure to injury and probability of accidental
ignition by assisting with evacuation of residents and assisting with halting
traffic on roads and railroads in the affected area, or taking other
appropriate action.

(7) Notifying fire, police, and other appropriate public officials of hazardous
liquid or carbon dioxide pipeline emergencies and coordinating with them
preplanned and actual responses during an emergency, including
additional precautions necessary for an emergency involving a pipeline
system transporting a highly volatile liquid.

(8) In the case of failure of a pipeline system transporting a highly volatile
liquid, use of appropriate instruments to access the extent and coverage of
the vapor cloud and determine the hazardous areas.

(9) Providing for a post accident review of employee activities to determine
whether the procedures were effective in each emergency and taking
corrective action where deficiencies are found.

(f) Safety-related condition reports. The manual required by paragraph () of this
section must include instructions enabling personnel who perform
operational and maintenance activities to recognize conditions that
potentially may be safety-related conditions that are subject to the
reporting requirements of Sec. 195.55.
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Sec. 195.424. Pipe Movement

(8 No operator may move any line pipe, unless the pressure in the line section
involved is reduced to not more than 50 percent of the maximum operating
pressure.

(b) No operator may move any pipeline containing highly volatile liquids where
materials in the line section involved are joined by welding unless:

(1) Movement when the pipeline does not contain highly volatile liquidsis
impractical;

(2) The procedures of the operator under Sec. 195.402 contain precautions to
protect the public against the hazard in moving pipelines containing highly
volatile liquids, including the use of warnings, where necessary, to
evacuate the area close to the pipeline; and

(3) The pressure in that line section is reduced to the lower of the following:

(8) Fifty percent or less of the maximum operating pressure; or

(b) The lowest practical level that will maintain the highly volatile
liquid in aliquid state with continuous flow, but not less than 50
p.s.i. (345 kPa) gage above the vapor pressure of the commodity.

(c) No operator may move any pipeline containing highly volatile liquids where
materials in the line section involved are not joined by welding unless:

(1) The operator complies with paragraphs (b) (1) and (2) of this section; and

(2) That line section is isolated to prevent the flow of highly volatile liquid.

Definitions
Specific terms used in Part 195 are defined below:

Administrator — the Administrator of the Research and Special Programs Administration or
any person to whom authority in the matter concerned has been delegated by the
Secretary of Transportation.

Breakout Tank —atank used to (@) relieve surges in a hazardous liquid pipeline system or
(b) receive and store hazardous liquid transported by a pipeline for reinjection and
continued transportation by pipeline.

Carbon Dioxide —afluid consisting of more than 90 percent carbon dioxide molecules
compressed to a supercritical state.

Component — any part of a pipeline which may be subjected to pump pressure including, but
not limited to, pipe, valves, elbows, tees, flanges, and closures.

Gathering Line —apipeline 219.1 mm (8 5/8 in.) or less nominal outside diameter that
transports petroleum from a production facility.

HazardousLiquid — petroleum, petroleum products, or anhydrous ammonia.

Highly Volatile Liquid (HVL) — a hazardous liquid which will form a vapor cloud when
released to the atmosphere and which has a vapor pressure exceeding 276 kPa (40 psia) at
37.8°C (100°F).

I nter state Pipeline— a pipeline or that part of a pipeline that is used in the transportation of
hazardous liquids or carbon dioxide in interstate or foreign commerce.

Intrastate Pipeline— a pipeline or that part of a pipeline to which this part applies that is not
an interstate pipeline.
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L ine Section — a continuous run of pipe between adjacent pressure pump stations, between a
pressure pump station and terminal or breakout tanks, between a pressure pump station
and a block valve, or between adjacent block valves.

L ow-Stress Pipeline — a hazardous liquid pipeline that is operated in its entirety at a stress
level of 20 percent or less or the specified minimum yield strength of the line pipe.

Operator — a person who owns or operates pipeline facilities

Per son — an individual, firm, joint venture, partnership, corporation, association, State,
municipality, cooperative association, or joint stock association, and includes a trustee,
receiver, assignee, or personal representative thereof.

Petroleum — crude oil, condensate, natural gasoline, natural gas liquids, blend stocks and
other miscellaneous hydrocarbon compounds.

Pipe or Line Pipe—atube, usualy cylindrical, through which a hazardous liquid or carbon
dioxide flows from one point to another.

Pipeline or Pipeline System—all parts of a pipeline facility through which a hazardous
liquid or carbon dioxide moves in transportation, including, but not limited to, line pipe,
valves, and other appurtenances connected to line pipe, pumping units, fabricated
assemblies associated with pumping units, metering and delivery stations and fabricated
assemblies therein, and breakout tanks.

Pipeline Facility — new and existing pipe, rights-of-way and any equipment, facility, or
building used in the transportation of hezardous liquids or carbon dioxide.

Rural Area — areas outside the limits of any incorporated or unincorporated city, town,
village, or any other designated residential or commercial area such as asubdivision, a
business or shopping center, or community devel opment.

Specified Minimum Yield Strength — the minimum yield strength, expressed in p.s.i. (kPa)
gage, prescribed by the specification under which the material is purchased from the
manufacturer.

Surge Pressure— pressure produced by a change in velocity of the moving stream that
results from shutting down a pump station or pumping unit, closure of avalve, or any
other blockage of the moving stream.

Part 198 — Regulationsfor Grantsto Aid State Pipeline Safety Programs

This part prescribes regul ations governing grant-in-aid for State pipeline safety compliance
programs.

Subpart C — Adoption of One-Call Damage Prevention Program

This subpart implements parts of the pipeline safety laws (49 U.S.C. 60101 et seq.), which direct
the Secretary to require each state to adopt a one-call damage prevention program as a condition
to receiving afull grant-in-aid for its pipeline safety compliance program.

Sec. 198.35. Grants Conditioned on Adoption of One-Call Damage Prevention Program
In alocating grants to State agencies under the pipeline safety laws, (49 U.S.C. 60101 et

seg.), the Secretary considers whether a State has adopted or is seeking to adopt a
one-call damage prevention program in accordance with Sec. 198.37. If a State has
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not adopted or is ot seeking to adopt such program, the State agency may not receive
full reimbursement to which it would otherwise be entitled.

Sec. 198.37. State One-Call Damage Prevention Program.

A State must adopt a one-call damage prevention program that requires each of the
following at a minimum:

(a) Each area of the State that contains underground pipeline facilities must be
covered by a one-call notification system.

(b) Each one-call notification system must be operated in accordance with Sec.
198.39.

(c) Excavators must be required to notify the operational center of the one-cal
notification system that covers the area of each intended excavation activity and
provide the following information:

(1) Name of the person notifying the system.

(2) Name, address and telephone number of the excavator.

(3) Specific location, starting date, and description of the intended excavation
activity.

However, an excavator must be allowed to begin an excavation activity in an emergency
but, in doing so, required to notify the operational center at the earliest practicable
moment.

(d) The State must determine whether telephonic and other communications to the
operational center of a one-call notification system under paragraph (c) of this
section are to be toll free or not.

(e) Except with respect to interstate transmission facilities as defined in the pipeline
safety laws (49 U.S.C. 60101 et seq.), operators of underground pipeline facilities
must be required to participate in the one-call notification systems that cover the
areas of the State in which those pipeline facilities are located.

(f) Operators of underground pipeline facilities participating in the one-call
notification systems must be required to respond in the manner prescribed by Sec.
192.614 (b)(4) through (b)(6) of this chapter to notices of intended excavation
activity received from the operational center of a one-call notification system.

(g) Personswho operate one-call notification systems or operators of underground
pipeline facilities participating or required to participate in the one-call
notification systems must be required to notify the public and known excavators
in the manner prescribed by Sec. 192.614 (b)(1) and (b)(2) of this chapter of the
availability and use of one-call notification systems to locate underground
pipeline facilities. However, this paragraph does not apply to persons (including
operator’s master meters) whose primary activity does not include the production,
transportation or marketing of gas or hazardous liquids.

(h) Operators of underground pipeline facilities (other than operators of interstate
transmission facilities as defined in the pipeline safety laws (49 U.S.C. 60101 et
seg.), and interstate pipelines as defined in Sec. 195.2 of this chapter), excavators
and persons who operate one-call notification systems who violate the applicable
requirements of this subpart must be subject to civil penalties and injunctive relief
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that are substantially the same as are provided under the pipeline safety laws (49
U.S.C. 60101 et seq.).

Sec. 198.39. Quadlifications for Operation of One-Call Notification System

A one-call notification system qualifies to operate under this subpart if it complies with
the following:

(@) It isoperated by one or more of the following:

(1) A person who operates underground pipeline facilities or other
underground facilities,

(2) A private contractor,

(3) A State or local government agency, or

(4) A person who is otherwise eligible under State law to operate a one-call
notification system.

(b) It receives and records information from excavators about intended excavation

activities.

(©) It promptly transmits to the appropriate operators of underground pipeline
facilities the information received from excavators about intended excavation
activities.

(d) It maintains a record of each notice of intent to engage in an excavation activity
for the minimum time set by the State or, in the absence of such time, for the time
specified in the applicable State statute of limitations on tort actions.

(e) It tells persons giving notice of an intent to engage in an excavation activity the
names of participating operators of underground pipeline facilities to whom the
notice will be transmitted.

Definitions
Specific terms used in Part 198 are defined below:

Adopt — establish under State law by statute, regulation, license, certification, order, or any
combination of these legal matters.

Excavation Activity —an excavation activity defined in Sec. 192.614(a) of this chapter,
other than a specific activity the State determines would not be expected to cause
physical damage to underground facilities.

Excavator — any person intending to engage in an excavation activity.

One-Call Naotification System—a communication system that qualifies under this part and
the one-call damage prevention program of the State concerned in which an operational
center receives notices from excavators of intended excavation activities and transmits
the notices to operators of underground pipeline facilities and other underground facilities
that participate in the system.

Person — any individual, firm, joint venture, partnership, corporation, association, state,
municipality, cooperative association, or joint stock association, and including any
trustee, receiver, assignee, or personal representative thereof.

Underground Pipeline Facilities— buried pipeline facilities used in the transportation of gas
or hazardous liquid subject to the pipeline safety laws (49 U.S.C. 60101 et seq.).
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Secretary — the Secretary of Transportation or any person to whom the Secretary of
Trangportation has delegated authority in the matter concerned.

State — each of the several states, the District of Columbia, and the Commonwealth of Puerto
Rico.
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