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The Governor’s Strategic Growth Plan:
Expanding Technology’s Role in Meeting
California’s Ports and Goods Movement 215
Century Challenges

Introduction

On Tuesday, February 28, 2006, the Senate Transportation and Housing
Committee (Senator Alan Lowenthal, Chair), the Assembly
Transportation Committee (Assemblymember Jenny Oropeza, Chair) and
the Senate Transportation Sub-committee on Ports and Goods Movement
held a joint hearing to investigate the potential of expanding the role of
technology to address California’s 21st Century transportation
challenges.

After more than 30 years of under investment in California’s
infrastructure, Senate Bill 1165 (Dutton), the Governor’s infrastructure
bond, offers a financial foundation to invest in California’s
transportation, ports, and goods movement system and a strategy to help
meet 21st Century challenges. The legislation would authorize the
following:

e $6,000,000,000 in state general obligation bonds with the
Congestion Reduction, Clean Air, and Trade Corridor Bond Act of
2006.

e $6,000,000,000 in state general obligation bonds with the
Congestion Reduction, Clean Air, and Trade Corridor Bond Act of
2008.

e $14,000,000,000 in state general obligation bonds with the
Transportation Revenue Bond Act of 2012.

e Utilization of the design-build process for contracting on
transportation project with certain state and local transportation
entities.

e The Department of Transportation to award not more than 12
design-sequencing contracts for transportation projects.

¢ The Director of the Department of Transportation to award not
more than 4 design-sequencing contracts for transportation
projects.

¢ The Department of Transportation and regional transportation
agencies to enter into comprehensive development lease
agreements with public and private entities, or consortia of those



entities, for certain transportation projects that may charge users
of those project tolls and user fees, subject to various terms and
requirements.

STAFF FINDINGS

The witnesses and legislators contributed to a creative and innovative
dialogue, which gave rise to the following findings:

Although the California Department of Transportation has

invested approximately $3.5 billion into Intelligent Transportation
Systems (ITS) field elements, and spends approximately $30 million
per year to operate and maintain them, the $200 million for ITS
included in SB1165, the infrastructure bond bill, is only a down
payment on the future investment that will be needed to address the
$3 billion comprehensive statewide build out of the ITS field elements
scheduled for completion by 2013.

California’s five university transportation centers play a key role in
advancing Intelligent Transportation System research. It is vital that
the research and development potential of California’s public and
private universities be part of the planning and implementation of a
21st Century transportation and freight system.

Electrification of transportation and electric drive technologies are
becoming important components of goods movement action plans,
energy plans and regulatory compliance options. Making use of off-
peak electricity supply is critical to the electrification of
transportation.

Infrastructure investment for a 21st Century California should
consider and seriously investigate the full potential of new and
emerging technologies such as SAFE (secure, automated, fast and
environmentally clean) Freight Shuttle, the Transrapid Maglev System
and the electromagnetic propulsion system.

The United States Environmental Protection Agency’s SmartWay
Transport Partnership can be an important resource and partner in
addressing technologies for better fuel economy and reducing
emissions for both trucks and rail.

The Burlington Northern Santa Fe and Union Pacific Railroads are
investing in new locomotive technologies that will reduce the
emissions of locomotive engines.



e Retrofitting on-road trucks and line-haul locomotives is a viable,
economic and immediate application of technology to address the
emissions problems of current engines.

LEGISLATORS’ OPENING REMARKS

Senator Lowenthal, Chair of the Senate Transportation Committee,
convened the hearing by posing the following questions:

e What are we investing that is going to move us towards zero
emission transportation systems?

e How do we get to a sustainable society in which economic
development, public health and sustainable communities coexist?

e How do we provide both jobs and a clean environment?

e How do we make the existing goods movement system work more
efficiently?

e How do we promote additional capacity on those systems?

e How do we look at alternative systems and options?

e What should we be thinking about as we begin to invest into the
future?

e What are the options for California? And how viable are they?

¢ Are these issues that really should have a bearing in the pending
bond structure, or are we talking about something that is down the
road?

e What are the costs involved?

The Chairman concluded that the hearing would help guide and develop
a vision that could shape our transportation system into the future.

Assemblymember Oropeza, Chairperson of the Assembly
Transportation Committee, stated that she was hopeful that the
technologies presented in the hearing could be integrated into the
pending bond proposals. She pointed out that these technologies have
the potential to develop into partnerships for goods movement that would
increase the efficiencies of goods movement, improve truck and auto
travel times and most importantly, from her point of view, improve air
quality for neighborhoods, the port areas, and the entire Los Angeles
basin, where goods movement activities are centered.

Assemblymember Oropeza concluded her opening remarks by stating
that the goods movement industry is an important element in California’s
economy and has great potential for public/private partnerships. It is
critical that the partnerships already established within the goods
movement industry play a key role in cleaning up the air and produce



added value to the economy. She emphasized that technology is a critical
component in achieving these goals.

Assemblymember Huff stated that he had worked in some aspect of
goods movement all of his adult life. As an elected official for the last 10
years, he is fascinated with the technology that has become available,
and looks forward to what technology could do to help California’s
transportation system become more efficient, save our taxpayers money,
and clean-up the environment.

Assemblymember Karnette stated that she wanted the witnesses to be
mindful of security issues that are facing the goods movement industry.

THE WITNESSES

The three policy committees organized the hearing into four panels. The
California Department of Transportation (Caltrans) was the first panel
and testified on the Administration’s perspective of technology’s role in
the Governor’s Strategic Growth Plan. The following questions were
posed to the Administration:

1. What is the current level of Intelligent Transportation System (ITS)

deployment in California?

2. SB 1165, the Congestion Reduction, Clean Air, and Trade Corridor
Bond Act of 2006, allocates $200 million for Intelligent Transportation
Systems (ITS). Is this allocation sufficient for an effective and strategic
statewide ITS deployment? If so, why? If not, what kind of ITS

investment is needed?

3. What is the future level of ITS deployment (2-year, 5-year, and 10-

year time horizons)?
4. How is the state’s ITS program organized?
5. What are the costs and benefits of ITS?

The subsequent three panels offered a private sector perspective and were

asked to address the following questions:

1. Is there a role for California’s university research network, federal
laboratories, and community colleges in the advancement and

deployment of technology?

2. By what criteria should these emerging technologies be evaluated,

when assessing their strategic and cost benefit potential?



Panel 1 - The Administration’s Proposal
Panelists
Will Kempton, Director, California Department of Transportation

Randell Iwasaki, Chief Deputy Director, California Department
Transportation

Director Kempton set the stage for the hearing’s theme of the expanded
role of technology in meeting California’s 21st Century challenges with
the observation that the technology that would be discussed and
demonstrated at the hearing is, in fact, available today. It is a matter of
deploying that technology, and the Administration is hoping to work with
the state Legislature to accomplish that deployment.

Mr. Iwasaki, Chief Deputy Director of Caltrans, stated that Caltrans has
invested approximately $3.5 billion into Intelligent Transportation
Systems (ITS) field elements. Mr. Iwasaki identified some of these ITS
field elements as large changeable message signs, highway advisory radio
ramp meters (1610 AM radio frequency), and statewide weather
information systems.

Caltrans spends approximately $30 million per year to operate and
maintain its ITS field elements. According to the Caltrans Transportation
Management System (TMS) master plan, the comprehensive statewide
build out of the ITS field elements will be complete by 2013 at a total cost
of $3 billion. Caltrans estimates that the return on this 20-year life cycle
investment represents a benefit ratio of about 7.5 to 1, and this figure
does not include the safety and efficiency benefits to the transportation
system. Mr. Iwasaki also pointed out that the $200 million for ITS
included in SB1165 is only a down payment on the future investment
that will be needed.

Mr. Iwasaki explained Caltans’ four-division ITS program as follows:

1. The Division of Planning plans programs and assesses the
locations of various field elements.

2. The Division of Operation, adjusts the field elements after they are
installed to assure the systems are operating at optimum
performance.

3. The Division of Maintance maintains the of field elements.

4. The Division of Research and Innovation investigates and studies
the latest technologies to implement into the transportation field.

of



Chief Deputy Director Iwasaki stated the California universities have
played and will continue to play a key role in advancing ITS research. He
indicated that California has five transportation centers funded by the
Federal Highway Administration:

1. The Mineta Transportation Institute — San Jose State

2. MetTrans — University of Southern Californian and California
State University, Long Beach

3. University of California Transportation Center — University of
California, Berkeley

4. University of California Transportation Center — University of
California, Davis

5. University of California Transportation Center — California State
University, San Bernardino

Mr. Iwasaki observed that emerging transportation technology will be a
key component in the success of the Governor’s Strategic Growth Plan
and indicated that there were a number of current and planned projects
that employ innovative technologies to improve goods movement. With
this observation, Mr. Iwasaki gave an overview of the following
technologies that Caltrans is currently deploying or will deploy in the
near future:

1. Pre-Pass System — 250,000 trucks throughout the United States
are equipped with a transponder that will allow the truck, when
traveling underweight or at the legal weight limits, to legally bypass
compliance stations. This allows trucks to conserve fuel and adds
efficiency to freight and transportation system.

2. Virtual Weigh Station — This technology will allow trucks to be
weighed on the move. The technology will automatically ticket
overweight trucks and will pull grossly overweight trucks over at
the compliance station to ticket and correct the overweight load.
Cordelia, at the junction of Interstate 80 and State Route 12, and a
location to be proposed on Interstate 710, are the two locations
Caltrans is currently considering, at a combined cost of $1billion.

3. Smart Truck Parking — This technology is currently deployed as
Smart Parking reservation system at the Rockridge BART Station.
The technology counts the number of vehicles coming in and out of
the parking lot. Due to the shortage of truck parking locations in
California and trucks having to park on roadway shoulders, Smart
Truck Parking technology will count the number of trucks in and
out of the parking location and will be able to notify truckers on
the road and inform them that “The next truck parking location in
front of you has 14 truck spots available. Make your reservation
and go on in there.”
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Electrification — Caltrans will provide trucks with the ability to
hook up to electrical outlets that will allow drivers to run the air
conditioner, heater, radio, etc. for a long period of time and
eliminate the idling of diesel engines at the ports, which will help
clean the air.

Free and Secure Trade Lanes (FAST) - An electronic pre-
clearance program that uses integrative technologies, such as
vehicle transponders to safely and securely expedite the border
clearance process, which significantly reduces truck idling at the
border. This technology is being deployed in the San Diego region.
Open Rolling Tolling — This technology allows electronic toll
collection transactions to occur under normal highway driving
speeds. This will help to reduce queing, idling and air emissions.
Vehicle Infrastructure Integration Initiative (VII) - This is a
cooperative effort between automobile manufacturers and
transportation officials to deploy vehicle-to-vehicle and vehicle-to-
infrastructure communication. The Vehicle Infrastructure
Integration Initiative works off a frequency that was recently
allocated by the FCC at the 5.9 gigahertz and has a 75 megahertz
of spectrum.

Changeable Message Signs — This technology allows for timely
travel and traffic information to be displayed on large electronic
message signs. The technology has been deployed in Los Angeles
and the San Francisco Bay Area, and is planned for
implementation in San Diego.

511 System — The 511 technology allows one to dial on the
telephone or cell phone to get real-time information on traffic
congestion, road work, weather delays, and transit opportunities. It
is currently up and running in the San Francisco Bay Area and the
Sacramento region, and will it be deployed next in the San Diego
region.

Regional Communication System (RCS) —This is a fully
interoperable radio system technology that safety, fire, highway,
and emergency vehicles can use to communicate with each other—
one-to-many, or one-to-one. The system is currently deployed in
San Diego County and will be expanded to Imperial County.
Crash-Less Intersection — This is radar technology that senses
how fast an oncoming car is traveling. If a car is stopped waiting to
make a left turn and there is an oncoming vehicle, this technology
will calculate in a nanosecond whether or not the driver can safely
make the turn, and if not, it will tell the driver “don’t make that left
turn.” This technology is currently being tested.

Curve Speed Warning — This technology informs a trucker that
there is a curve ahead; the truck is going too fast: and it needs to
slow down. The Curve Speed Warning system is currently deployed
on Interstate 5 in Northern California.



13. Bay Area Security System — This technology is a wireless
transmitter mounted on top of the Bay Bridge and Bay Area
tunnels that signals and coordinates all the terrorist activity
detection systems. All the piers on the seven Bay Area toll bridges
have detection systems. The cameras monitor activity near the
anchorages on the bridges, in an effort to thwart potential terrorist
acts. The information is relayed wirelessly back to the
transportation management center in the Bay Area District 4
Caltrans headquarters.

In the legislators’ discussion that followed Panel 1, Assemblymember
Mountjoy asked Mr. Iwasaki about the Pre-Pass qualifications. Mr.
Iwasaki informed the Assemblymember that an Arizona company, Help,
Inc., administers the Pre-Pass application system to individually qualified
motor carriers and trucking companies.

Assemlymember Karnette asked, how does an enforcement agency
know who is driving the Pre-Pass certified truck? Mr. Iwasaki responded
that the Pre-Pass program is voluntary and subject to state safety
qualification standards. He also pointed out that Europe uses a system
called “tack-a-graph.” The “tack-a-graph” system requires that each
driver have a card and each driver must physically put that card into
that “tack-a-graph” to monitor how far one has driven, how long one has
driven, and who is driving. So, at any time, a police officer can access the
“tack-a-graph” and get a readout of one’s driving record.

Senator Ducheny and Senator Torlakson asked Mr. Iwasaki about
data regarding accidents, accidents that were avoided, healthcare costs,
deaths, injuries and property damage. Mr. Iwasaki informed the
Senators that he did not have that information readily available, and he
would provide this information to the staff at a later date.

Panel 2 - Electrification

Given the fact that the President Bush has acknowledged the country’s
“oil addiction,” and an increasing national concern about air quality, the
electrification of transportation offers great possibilities to reduce
emissions, particulates and petroleum usage.

Panelist

Ed Kjaer, Director, Electric Transportation, Southern California Edison

Mr. Kjaer opened his remarks with the following rhetorical question and
statement:
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What is changing the way we think about transportation, energy
security, energy storage, energy efficiency, emissions and the gas
station?

Electricity and the grid: What we are really beginning to see is this
fundamental convergence of transportation and the grid. And
more and more, transportation is moving electrons around
onboard the vehicle, or is using electricity in one form or another.
We’re seeing it with the hybrid vehicles today, the engine hybrids
that you’re seeing successfully marketed, sold, operated on the
road. And the emergence of plug-in hybrids—we’ve heard a lot of
discussion about plug-in hybrids over the last couple of weeks,
particularly with President Bush’s reference to our oil addiction
and the need to get off imported oil as quickly as we can, and the
promise of plug-in hybrid technology, battery technology, battery
UVs; electrification of marine ports; truck facilities, airports; rail
yards; and the emergence of technologies for communication,
navigation, entertainment; the use of ITS onboard the vehicle in
terms of communication. All transportation requires electricity in
one form or another.

So increasingly, the state is focusing on electrification to reduce
emissions, particulates and petroleum usage....

Along with petroleum reduction, comes significant emissions
reduction and greenhouse gas reduction, depending on the kinds
of emerging new technologies that we use.

Mr. Kjaer observed that the electrification of transportation and electric
drive technologies are becoming important components in any number of
goods movement action plans, energy plans and policy reports, and
compliance options that the California Air Resources Board (CARB) has
established. He cited last year’s passage of SB 467 (Lowenthal), which
expanded the Carl Moyer program grants to include forklifts and other
non-road electric drive technology.

Mr. Kjaer presented the following benefits of powering transportation
from electricity the grid:

100 percent domestic-based.

100 percent petroleum-free.

Multiple feed stocks.

Excess off-peak capacity.

Electricity is about 20 to 30 percent the cost of a gallon of gasoline.
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Mr. Kjaer added that as more transportation energy is derived from the
grid, the benefits will also include a reduction in urban air pollution.

Mr.

Kjaer outlined the near-term and long-term opportunities for

electrification. He presented modeling that projects the potential of
emerging electrification technologies through 2020. In order to
demonstrate the benefits, the model framed the benefits in terms of the
number of vehicles (model year 2005) that the technology will potentially
remove from the road.

Electrification of 100 hundred ships coming into the ports
annually would result in Nitrogen Oxide (NOx), Reactive Organic
Gases (ROg), and Sulphur Oxide (SOx) reductions equivalent to
taking 535 vehicles (model year 2005} off the road.

There are 76,000 sleeper cabs in the state today. Only about 400
truck parking spaces are electrified. There is the potential to
electrify approximately 35,000 spaces, and that could be equal to
removing about 360,000 vehicles (model year) 2005 from the road
by 2020.

There are about 70,000 electric truck refrigeration units (ETRUs)
on container ships worldwide. The container ships, when they are
at sea are electric, and put electricity through their own onboard
grid into the containers to provide the necessary power. When the
ships come into port, the containers are offloaded and connected to
the grid. The containers are then loaded onto trucks, and a diesel
generator is then attached to the vehicle that provides the
electricity needed for the container as it drives along the roads.

In California, there are approximately 4,000 to 7,000 electric
auxiliary power units (APUs). If large distribution centers were
electrified, trucks could drive in, shut down the auxiliary power
units, and connect to the grid.

Projecting to 2020, electrification of transportation could
potentially result in air pollution reductions equivalent to the
removal of 400,000 cars (model year 2005) from the road.

Mr. Kjaer cited the following additional electric options: electric gantry
cranes at the port, freight rail, light duty rail, heavy duty rail, high speed
rail and Maglev.

In closing, Mr. Kjaer stated that, “the benefits of the transportation and
goods movement electrification are very large in reducing the air
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pollution particulates and it’s that petroleum dependency that I think is
so critical to this nation. And again, with significant reductions in
petroleum, comes the reductions in emissions and greenhouse gases.”

During the legislators’ discussion that followed Panel 2, Senator
Lowenthal asked Mr. Kjaer, how off-peak hour usage would work? Mr.
Kjaer responded:

...smart meters, or Advance Meter Initiative through the Public
Utilities Commission, ...is a technology that will give customers the
ability to know and understand what they’re paying for electricity
hour by hour, or at certain times throughout the day. And at that
point, they will be able to modify their behavior and understand
what they need to do to modify their behavior.

As a follow-up question, Senator Lowenthal asked if this could be
applied to trucks and cars. Mr. Kjaer stated the following:

Customers will be able to understand the impacts of that exactly at
any given time throughout the day. The other issue is that the
pricing signals have to be clear...the off-peak rate has to be
cheaper than the on-peak rate so...it is cheaper to make the
electricity off-peak than it is with making the electricity on-peak.

Senator Margett asked “are we adding to the dilemma that we have with
our energy now in introducing this at this moment in time, or are we just
kind of tantalizing everybody with what you had to say?” Mr. Kjaer gave
the following response:

...if more transportation is going to connect to the grid, if
regulation is going to drive to more and more near zero and zero
emission technologies, significant petroleum reduction, greenhouse
gases, etc., and transportation starts to connect more and more to
the grid, we have to make sure it soaks up the excess capacity
first. We have to make sure that the market structure is in place
to use the excess off-peak capacity first. We do not, to your point,
want to exacerbate the on-peak situation. And in a lot of cases,
with truck stops and truck idling at night, that’s good because it’s
off-peak. With plug-in hybridization, again...you can be putting in
the electricity fuel at night off-peak when the rates are cheaper

Assemblymember Pavley asked Mr. Kjaer if he could compare and

contrast the value of plug-in hybrids and other technologies. Mr. Kjaer
stated the following:
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...electrification is not the only solution. There is not a silver bullet
out there. I think we need to have a mixture of solutions to meet
both the state and the federal goals.

Biofuel, a combination of biofuel with plug-in hybridization is, on
the surface, extremely attractive. The question is going to be, how
is the electricity made and how is the biofuel made? Do you use
food and land to make fuel for transportation? That’s a big debate
at the moment. How much coal is there in the generation mix on a
regional basis, and what implications does that have from a
greenhouse gas perspective or emissions?

There’s no simple solution. There is a wealth of work and
evaluation and research going on at the moment to study these
very issues.

Panel 3 - Emerging Goods Movement Transportation Technologies
Panelists

Dr. Stephen Roop, Texas Transportation Institute

Dr. Kenneth James, Professor of Electrical Engineering and Computer
Engineering and Computer Science, California State University, Long
Beach

Bruce Dahnke, President, Skytech Transportation Corporation

SAFE (secure, automated, fast and environmentally clean) Freight
Shuttle

Mr. Roop began by stating that the emerging freight transportation
systems of the 21st century must move beyond the two modes, rail and
truck, that currently form the backbone of today’s freight transportation
system. Emerging freight transportation systems must be: low cost,
secure, safe, rugged and simple, based on known and understood
technology, reliable, offer capacity and velocity, interconnected with the
existing intermodal transportation system, and environmentally clean.

Mr. Roop introduced the legislators at the hearing to a new approach to
intermodal freight transportation, SAFE (secure, automated, fast and
environmentally clean) Freight Shuttle. Mr. Roop outlined the following
features of the SAFE Freight Shuttle in the following way:

...it is a single unit transport and it has an aerodynamic leading
edge that cuts down wind resistance and improves the economics
of the operation considerably. It operates straddling a center guide
way. And this center guide way serves four fundamental purposes
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in the design. It serves to guide the vehicle; it serves to deliver
power to the motor elements that reside on the vehicle; it serves as
a braking system; and it serves as the power pickup for the unit.

In many respects this is a hybrid system. It borrows features from
rail transportation that are proven to be sound and effective, like
steel wheels and a steel running surface, and it borrows features
from the trucking industry, like the single unit moves. So as soon
as a container is loaded on a freight shuttle, it can exit the
terminal and be on its way, which means there is absolutely no
delay. The other benefit of that is you can keep your cranes at the
destination terminal operating with a constant interval of
containers arriving, very much like machines operate on a factory
floor. The timing of the delivery is such that your cranes can stay
in continuous operation... The propulsion system is a linear
induction motor. It’s very similar to a rotating ceiling fan that you
may have in your home.

It operates on a flat steel rail, which is a departure from traditional
railroad engineering designs. It further reduces the rolling friction
involved. A unique feature of ours is, it’s a derailment proof
system. The center guideway will not allow the vehicle to come off
the track. And so we’re not relying on the rail to serve as the
guideway, merely as the surface upon which the vehicle rolls. A
very small number of moving parts in an automated control system
make up the balance of the vehicle design.

Transrapid Maglev System

Dr. James began his testimony by stating that the Maglev technology is
a proven and demonstrated technology in both Germany and Shanghai,
China.

Dr. James presented the following overview of the Maglev technology:

The Transrapid Maglev System, an entirely new train system, is the
first to overcome the limitations of wheel and rail. Because the
vehicle moves entirely without contact, it makes train travel faster,
easier on the environment, and more economical. In any case, the
Maglev systems guideway requires less land and space than other
transportation systems.

Transrapid has very favorable alignment parameters with small
curve radii and a grade climbing ability of 10 percent. The
Transrapid guideway can therefore be adapted to the landscape
instead of the other way around.

15



The Maglev system requires significantly less energy than other
transportation systems. Used under similar conditions, the
specific primary energy requirement of a car is three times higher
than that of an airplane, five times higher than the Transrapid.

It has no moving parts—zero. No wheels; nothing. It floats on a
magnetic field. There are a lot of advantages besides the fact that
it’s a very low polluter because it uses fixed sources. One is, it
replaces the steel wheels with a raise of magnets.

Maglev uses a linear synchronous motor, which is similar to a
linear induction motor. The difference is that, instead of putting
the power onto the vehicle itself, the power is in the entire length of
the track. And there were studies done at the Los Alamos
Laboratory that show that when you use a Maglev....you can use
either a linear induction motor or a linear synchronous motor. If
you have a fairly long track and only a few vehicles on it you use a
linear induction motor because the motor is then on the vehicle
itself and the track is passive. But if you have a lot of vehicles,
such as we would have in a container conveyor system, then the
power source is actually on the track itself and all the vehicles
themselves are passive. That really reduces the cost of that system.

It has a very small footprint...which gives you a lot of options for
right-of-way, and it is elevated. This is a real difference. Instead of
worrying about digging trench for a rail, or instead of having to
worry about elevating highway or widening highways, this has a
number of rights-of-way, such as long riverbeds, interstate
medians, and along unused rail.

Another point is the security. The security is there. And as you’re
talking about a system that is elevated, it’s moving relatively fast
all the time and it’s totally automated—all done by computer.

...while the track is powered, it’s only powered at the place where
the computers recognize there is a carriage, so you don't sit there
and electrify the entire track—only that place that is used by the
vehicle. ...that brings down the cost of operation.

Dr. James concluded his remarks by stating that the Maglev approach

has the potential to concurrently address economic growth, zero impact
on pollution, and zero impact on neighborhoods.
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Skytech Technology

Mr. Dahnke described the Skytech technology as a fully automated cargo
handling system that can eliminate the dock use of trucks and is
pollution free.

The technology uses electromagnetic propulsion (linear induction). It is
an elevated container transfer “grail” system for efficiency and better land
utilization. The grail system allows for the simultaneous loading and
unloading of cargo ships. The Skytech system can handle 25,000 to
30,000 containers per acre.

Mr. Dahnke concluded with the following overview of the Skytech system:

It reduces truck traffic, noise and air pollution, and it increases the
through-put which makes the containers more secure, because the
security problem with containers is dwell time.

During the legislators’ discussion that followed Panel 3,
Assemblymember Horton asked Mr. Dahnke whether his technology
has ever been used. Mr. Dahnke replied that the people mover in the
Disneyland parking lot uses his technology on a daily basis.

Panel 4 - Upgrading Existing Technologies
Panelists

Cheryl Bynum, Technical Manager for the United States Environmental
Protection Agency

Mike Iden, General Director of Car & Locomotive Engineering, Union
Pacific Railroad

Mark Stehly, Assistant Vice President Environment and Research
Development, Burlington Northern Santa Fe Railroad

Ms. Bynum gave the following overview of the U.S. Environmental
Protection Agency SmartWay Transport Partnership:

What is the SmartWay Transport Partnership? It’s a pro-business,
pro-environment approach to significantly reduce fuel
consumption and emissions from freight transport by accelerating
the deployment of new and emerging technologies that are
currently in the market, but for various reasons have not yet
achieved a significant market share. SmartWay started in 2004.
We had 15 charter partners when we started. We worked with the
Business for Social Responsibility and the American Trucking
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Associations. By the time we launched it in February of 2004, we
already had 50 partners. It is a public-private partnership.

In just two years we already have had 323 companies that
currently are SmartWay Transport Partners, and these represent
some of the largest multi-national companies operating in the
United States. Together, our partners represent all of the class one
railroads and four percent of the rolling truck stock in the United
States, responsible for seven percent of the total amount of fuel
consumed by the trucking industry in the United States.

Ms. Bynum outlined the following technologies that SmartWay is
advancing:

Idle reduction technologies include auxiliary power units that go
onboard or plug-in systems. These systems supply electrical power
and/or heating and cooling to the truck or locomotive so the main
engine can be shut off, which saves fuel and considerably reduces
emissions.

Trailer aerodynamics are emerging technologies. Approximately
75 percent of all trucks on the road already have tractor
aerodynamics. Trailer aerodynamics have not been well recognized.
Some of the technologies involve side skirts, gap reducers, which
cut the amount of space between the trailer and the tractor and
avoid turbulence. Another is air deflectors that help move the air
up over the trailer.

Single wide tires - On a class-8 tractor trailer there are two tires
at the end of each axel except for the steer axel. These are
replaced with one single wider tire made of much more fuel
efficient materials and architecture, which significantly reduces
rolling resistance and cuts weight, both of which contribute to
significant fuel savings.

Ms. Bynum concluded her testimony with the following remarks:

California has led the nation in innovative retrofits for emission
reductions with your Carl Moyer program. And California is again
stepping forward with its Strategic Growth Plan. And this growth
plan, I believe, could and should take advantage of the technical
support that EPA offers to states and to industry through
SmartWay with fuel saving SmartWay upgrade kits for trucks,
innovative financing concepts, like the low-interest loans to fleets
for retrofits, and our outreach program.
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Mr. Iden began by observing that the Los Angeles area is the hub for
nationwide rail freight and outlined the following three points for
consideration:

The first is a key requirement in goods movement to reduce in-
route delays and to reduce emissions. And going from one mode to
another in transporting a container, for example, from Los Angeles
to Chicago or New York, will increase the transit time and the
delays in handling that traffic.

The second is that the railroads operate around the clock and
cannot be linked to off-peak sources of energy, which is a point
that the Chairman brought up in one of the previous
commentaries.

...the third point is that railroad intermodal transportation is
already three to four times more energy efficient and therefore less
polluting emissions-wise than over-the-road trucking.

Mr. Iden indicated that the Union Pacific railroad deals with three
different types of locomotives in the Los Angeles basin:

1. A small fleet of passenger locomotives operated by MetroLink and
Amtrak California that are essentially very high speed shuttle type
operations.

2. Switching locomotives, which are low speed locomotives that do
local work in and around the rail yards, are operated by Union
Pacific and the Burlington Northern Santa Fe Railroad on the
Pacific Harbor line.

3. The haul line locomotives, which operate the transcontinental
trains.

In addition, Mr. Iden stated that the Union Pacific railroad is in the
process of acquiring 71 ultra low emitting locomotives. Eleven of them
will be the “green goat” hybrid locomotives, and 60 will be the new Gen-
set locomotive.

Mr. Iden described the green goat hybrid and Gen-set locomotives as
follows:

The green goat is a simple hybrid. It uses a small 290 horse power
truck type diesel engine to charge two very large batteries which
then provide power to the traction motors on the wheels. The
emissions reductions that the green goat is capable of producing
come not from the fact that it has large batteries, but from the fact

19



that it uses a very small truck derivative diesel engine, which is
very low on emissions.

The Gen-set is a larger locomotive which uses three very large
truck derivative diesel engines. And it will achieve an 80 to 90
percent reduction in locomotive emissions, vis-a-vis the existing
switching locomotives and save up to 40 percent of the fuel
required.

Mr. Iden gave the following overview of locomotive technology:

The first is a diesel electric locomotive such as we currently now
operate, roughly 4,400 horsepower...cost about $2 million. They
are physically about as big a locomotive as we can get. They are
currently manufactured and sold to the railroads in the U.S,,
Canada and Mexico at about 1,000 locomotives per year. These are
not mass produced machines. Anything that is manufactured at a
rate of 1,000 a year can not be defined as mass produced. But
they are, essentially, standardized products.

The next is a straight electric locomotive. And using some of the
previous cost estimates, these locomotives would cost about $6
million per piece. The technology is feasible, but in the past 30
years, only 30 straight electric freight locomotives have been
manufactured for service in the U.S. and Canada.

The next is what I call a dual mode diesel and electric locomotive,
and this was referred to during one of the previous presentations.
And we’re making a rough estimate that this would cost between
$6 and $10 million each, which is three to five times the cost of a
conventional diesel locomotive. And this would be an extremely
complex locomotive and a very large engineering challenge.

The last technology that I want to bring to your attention is what I
call a regenerative line haul diesel battery locomotive. One of our
locomotive manufacturers is working on this technology. In fact,
they had a prototype locomotive of this design which operated an
intermodal train from Chicago to Los Angeles in 2004. They are
currently trying to commercialize this technology.

What this technology would allow, for example, is a train
descending from Cajon Summit into the Los Angeles Basin. In
dynamic braking or electric braking, instead of dissipating that
energy to the atmosphere as heat, we would be able to pump that
electrical energy into high efficiency batteries onboard the
locomotive, and then when propulsion is needed, instead of using
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the diesel locomotive, we could, for example, substitute power from
the batteries at the rate of 4,400 horsepower, the same rating of
the diesel engine, for up to 20 minutes. This is truly a regenerative
form of technology which is very comparable to, for example, the
Toyota Prius, as a true regenerative motor vehicle.

In Mr. Iden’s concluded with the following observation:

The challenge facing California today in this particular issue is not
necessarily finding machines which think, but gathering
responsible business leaders, technology innovators and
community leaders to make intelligent decisions on transportation
technologies which are readily implementable and have a high
probability of success.

Mr. Stehly’s opening observation concerned air quality nationwide.
Although the Los Angeles basin has the worst air quality in the nation,
Mr. Stehly pointed out that the San Joaquin Valley has poor air quality,
as does Houston, Texas, and any number of regions and municipalities
throughout the United States. He indicated that the Burlington Northern
Santa Fe (BNSF) railroad has thousands of employees who live and work
in these areas with poor air quality. He stated that BNSF, however, was
spending more time in California, and especially Southern California,
than in the rest of the United States.

Mr. Stehly indicated that the Department of Energy is spending
approximately $90 million a year to reduce the emissions from trucks
and spending essentially zero on locomotive engines. He stated that
technology does reduce emissions on locomotives and that the switch
engines that Mr. Iden had presented are good examples. The railroads
are using truck derivative engine technology. Locomotives, however, run
at different speeds and the pistons are a different size, so some of the
truck technologies are not applicable to locomotives.

Mr. Stehly concluded with the following overview of BNSF’s efforts to
reduce emissions from switch engines and cargo handling equipment:

...One thing that we’re looking at . . . is the road locomotive - the
hybrid concept, the one that was on our railroad in 2004. . . and
that we’re helping GE bring to light. And you can see it is very
much like the Honda Civic. It’s the same sort of concept of
regenerative braking, storing it in a battery and using it for
motoring power. And we’re hopeful that some time this year or the
first quarter of next year, that there will be a production type
prototype rather than a proof of concept type prototype.
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In three decades there have only been 21,000 locomotives sold,
where there have been 22 million trucks. So we are on the tail end
of a lot of the technology as it gets cascaded down, but we are
applying it and we are making big reductions. It’s just that
reductions come first on trucks, then on off-road truck-type
engines, and then they are applied to locomotives.

In the SmartWay Program, we are putting on a lot of Automax
start, stop equipment, so our locomotives don’t idle. They are on
all of our new locomotives that we buy. They have been retrofitted
onto half of our line haul fleet. And then most of the smaller
engines, almost our entire funding on automatic start/stop, is
going to locomotives in California. It is how much money we can
apply to it, and it’s all going to the benefit of California.

Then you can see the basic efficiencies of rail. We know we are
part of the problem. We do have emissions and we need to solve it,
but we are part of the solution. Under the grams per ton mile,
we’re much better than the competition.

During the legislators’ discussion for Panel 4, Assemblymember
Oropeza asked Ms. Bynum of the U.S EPA what the fuel savings were for
the single wide tires on class 8 tractor trailer trucks. Ms. Bynum stated
that the fuel savings ranged from four to eight percent. Ms. Bynum
pointed out that retrofitting a truck with idle reduction, single wide tires
and aerodynamic equipment can significantly improve fuel economy and
reduce emissions by up to 20 percent or greater.

Assemblymember Oropeza asked Ms. Bynum if the SmartWay
Transport Partnership Program was available in Spanish. Ms. Bynum
indicated that SmartWay was working with the federal government of
Canada to translate many of its driver training materials into Spanish
and offer it as a web-enabled package and that the project was scheduled
for deployment during this fiscal year.

Senator Lowenthal asked Mr. Stehly of the Burlington Northern Santa
Fe Railroad if the new emerging technologies such as the SAFE Freight
Shuttle, the Maglev system or the Skytech system that were presented
earlier in the hearing could help address the goods movement short haul
problem? Mr. Stehly gave the following response:

...We construct new lines every year; expand our sidings; construct
triple track; we know what it costs. And they’re built because it
works for our cost model. We can compete with trucks and
provide service to our customers. And I would be very leery of
people that come in. Sometimes the deals sound like they’re too
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good to be true, it’s because they probably are too good to be true.
They may fit in certain niches. There may be some economies of
scale in doing things. There may be some manufacturing
improvements in the future to bring it down. We’d be willing to
look at their costs...

Public Testimony

Following the four organized panels, Senator Lowenthal invited the
audience to come to the podium for public comments.

Henry Hogo from South Coast Air Quality Management District gave the
following statement:

We (South Coast Air Quality Management District) are supportive
of all of the technologies that are coming online that would help
move goods movement, but we’re also look for technologies that are
the cleanest technologies that can be implemented as early as
possible. And we believe that what you heard today about having
cleaner engines, are a good move, but today’s clean engines are
tomorrow’s dirty engines. So we look at accelerating the cleanest
technology earlier than mandates. So for instance, on the on-road
side, we believe that a lot of alternative fuel engines are going be
much cleaner beginning in 2007 compared to diesel engines in
2007, because they’re going to come out with engines meeting
future standards.

Similarly, we believe that the rail operations should be the same
way. They’re looking at Tier 2 engines today, but the U.S. EPA is
going to have Tier 3 engines coming out with regulations for those,
and we believe that if we look towards technologies that could
move in that direction, we can get these newer engines on faster.

You heard a lot about switcher locomotives and new engines, but
there was not that much discussion about retrofitting existing
locomotives. As you look to the future of a zero emission network,
there’s going to be a transition needed. And we need to clean-up
the emissions from the current engines.

...We believe that retrofit is the viable way to go. Alternative fuels,
low sulfur fuels, cleaner fuels, hybrids, this is the diverse portfolio
that you need to put into the program in order to have a transition
to zero emission goods movement.

...In the meantime, retrofitting in terms of on-road trucks is a good
way to go. Alternative fuels, where they fit into the operation are a
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good way to go. Hybrids are a good way to go. But we believe that
retrofitting line-haul locomotives is a very viable technology. We
believe that the technology in Europe can be adapted to the U.S.
for these locomotives, as well as for the switcher locomotives that
are still going to be running for a long time.

With that, I just want to conclude that we would like to work
closely with you and your committee on looking at technologies in
the future.

Moss Bittner, consultant for the Humboldt Bay Rail and Infrastructure
Taskforce, offered the following public comment:

It’s encouraging to see the Joint Committee considering all the
options for making the freight system more effective, more cost-
effective, more efficient, and most of all, to cause fewer impacts on
the health and residents and the environment. You heard a
number of proposals today, and I'm sure it’s clear that no single
proposal is going to fulfill the expectations of the state for
improving its transportation infrastructure over the next 20, 30 or
40 years.

...the right thing to do might be to make massive daring
investments, like Maglev or other things which really do break with
the historical expectations of private enterprise, of the people who
build things. Because who is in the better position than the state
to start pushing towards that future? But since it’s my generation
who will be working for the next 40 years and paying off these
projects, which I'm led to believe can only be paid for with bond
obligations, it would be very encouraging to see the low cost
options be considered fully. And even if the bulk of the money
goes to big projects, a significant part of the discussion should go
towards those low cost options.

...Because I work with a small port and its connecting railroad, it
would be encouraging to see those facilities used. Because these
are under utilized assets that could fulfill some of the expectations
rather than focusing on the bottlenecks, which are inevitably going
to be very expensive problems, to focus some of the energy on the
under utilized assets, takes the pressure off those bottlenecks.
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Conclusion

The challenges for California’s ports and goods movement are
complex and immense. In order to address the challenges and
needs facing a 21st Century California, technology must be
leveraged to its fullest potential.

The presentations given at the hearing demonstrated the potential
for technology to address the challenges and issues facing
California’s ports and goods movement system. The deployment of
Intelligent Transportation Systems (ITS) statewide can increase the
effective capacity, efficiency and safety of the ports, goods
movement and highway system. California’s university
transportation centers are an important resource and asset that
can play a vital role in the advancement of technological research
and development. Electrification of transportation systems can
reduce air pollution, particulates and petroleum dependency.
Finally, the advancement, development and implementation of the
innovative and emerging technologies presented could be a
significant contributing force in achieving the balance between
economic development and a zero emissions environment.

The advancement and effective deployment of as well as strategic
short and long term investment in technology can improve the
efficiency, reliability, capacity, safety and security in California’s
ports and goods movement system. In addition to these benefits,
technology can enhance the environment and quality of life for a
21st California.
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BACKGROUND PAPER

During the late 1950s and early 1960s, California built a world-class
transportation system to address the freight and people mobility for a
fast growing state and national economy. California’s transportation
system was further enhanced by three Class I railroads (Burlington
Northern & Santa Fe, Southern Pacific, and the Union Pacific), three
major seaports and two international airports. Geographically positioned
on the Pacific Rim, California’s strategic position in the global economy
has placed it at the intersection of the world’s two largest markets — the
U.S. and Asia. And, in a post-North American Free Trade Agreement
(NAFTA) world, California has become the nexus between Asia and its
number one trading partner, Mexico.

The economic significance of this extensive transportation network and
strategic geographic position is that California is the single largest
trading entity in the United States.

However, California’s deferred investment in its infrastructure over the last
three decades has created enormous challenges for the state’s transportation

system and environmental quality.



Gill Hicks, Chairman of the California Marine and Intermodal
Transportation Advisory Council (CALMITSAC), in his testimony at the
November 15, 2005, hearing of the Senate Sub-Committee on California
Ports and Goods Movement, identified the following elements as
contributing to California’s transportation and goods movement crisis:

Cargo growth

Population growth

Air and noise pollution
Traffic congestion
Community concerns (“‘How much is enough?)
Safety and security
Capacity constraints
Funding limitations
Equipment/labor shortages
Soaring fuel prices

Hours of service rules

* S S S S 6 S > > o o

The Administration and Legislature are in the process of crafting legislation
that has the potential for historic short and long term infrastructure
investment. Given the magnitude of investment needed to address California’s
21st century challenges for economic growth, enhancing the environment and
quality of life for all Californians, it is important that this opportunity harness
the greatest potential of existing technologies and Intelligent Transportation
Systems (ITS). These examples of existing technologies and ITS applications
include:

Real-Time large scale transportation systems
Geo-Positioning Systems (GPS)

Geographic Information Systems (GIS)
Radio-based and other communications systems
Arterial Management Systems

Crash Prevention and Safety

Commercial Vehicle Operations

Intermodal Freight Operations

In addition, accelerating the development of emerging technologies that will
be discussed at today’s hearing by Texas Transportation Institute (TTI),
Center for the Commercial Deployment of Transportation Technologies
(CCDoTT), and Skytech, can offer critical components to the strategic
implementation of a statewide comprehensive and integrated infrastructure
investment plan. Moreover, technological innovation could be a signifigant
contributing force in achieving the balance between economic growth and a
zero emissions environment for California’s future.



The following excerpt from the executive summary of the US Department of
Transportation Freight Management and Operations 2005 report, “The
Freight Technology Story: Intelligent Freight Transportation and Their
Benefits,” offers an overview of the process of taking a technology from idea

to market application:

The Innovation and Implementation Process

Successful technology innovations follow a four-step process: (1) A bright
idea that sets the stage for (2) tests and demonstrations. Successful results
and a strong business case then combine to move market leaders to (3)
initial adoption and deployment. Once the viability of a new technology is
well established and its benefits are clear, (4) wide adoption will occur.
Step 4 cements the transition of the bright idea to market penetration.
However, the biggest hurdle in the process is building sufficient
confidence in the technology, through tests and demonstrations, to prompt
initial adoption—the move to step 3.

Three principal triggers move businesses to implement intelligent freight
technologies:

1. Pursuit of competitive advantage is likely to be the main trigger for
market leaders and innovators as they seek to improve their firm's standing
and profitability in the marketplace. The critical element is a credible
business plan.

2. Keeping up with competitors is the apparent catalyst for market
followers. Success by market leaders progressively erases doubt and
skepticism about new solutions and shifts the debate in other firms from
whether to when and how.

3. Compliance may arise from customer demands or government
regulations. Commercial compliance comes into play when customers
demand innovation as a condition of doing business. Regulatory
compliance is self explanatory.

There are also several barriers to the acceptance of new technologies and
operating practices:

o Skepticism about efficacy is the fundamental concern.

o Immature standards can deprive vendors and users of a common and fair
template for deployment.

» Concerns about negative operational impacts, such as the need to replace
batteries in the field, may mobilize opposition from service providers.

o The credibility of the business case is often the dominant concern, with
the strongest skepticism reserved for estimates of benefits.



Innovation and knowledge are and will continue to be vital for sustained
economic growth and quality of life. Advancing technology, with strategic
investment, can be cost effective and potentially provide a driving force that
can help efficiently address California’s increased congestion, doubling of
trade volume, environmental mitigation, and land use challenges.

The Joint Committee may want to explore the following questions (Questions
1-5 suggested for the Administration).

1.
2.

ook

What is the current level of ITS deployment in California?

SB 1165 the Congestion Reduction, Clean Air, and Trade Corridor Bond
Acts of 2006 allocates $200 million for Intelligent Transportation
Systems (ITS). Is this allocation sufficient for an effective and strategic
statewide ITS deployment? If so, Why. If not, what kind of ITS
investment is needed?

. What is the future level of ITS deployment (2 year, Syear, and 10 year

horizons)?
How is the state’s ITS program organized?
What are the costs and benefits of ITS?

. Is there a role for California’s university research network, federal

laboratories, and community colleges in the advancement and
deployment of technology?

. What criteria would best be applied to vetting emerging technologies?
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SUMMARY

The convergence of several individual problems is creating the conditions for a
transportation crisis of unprecedented scope and magnitude. It will result from sky-
rocketing demand for transportation services and the capacity crisis on our highways,
from complete dependence on oil for transportation, and from highway infrastructure
deterioration. Of central concern — without innovative approaches, it may take shape in a
funding atmosphere insufficient to avoid the consequences.

The crisis will result in unpredictable changes in the way we as a country do business.
But it also creates an opportunity in freight transportation that is the subject of this paper.
It describes an opportunity to move freight transportation systems into the 21* century by
employing technological innovation to solve the pressing problems facing the public and
private transportation sectors, shippers, consumers, and those government agencies
charged with providing transportation services — and to do so in a way that is
environmentally responsible.

S

S
-
N\
\\ '
= \

< - \

N
N

‘. e -
. .

Figure 1 — The SAFE Freight Shuttle



INTRODUCTION

The transportation of freight is the life-blood of the economy. Goods and material flow
in vast quantities from manufacturers to customers in a highly complex system.
Container ships, trucks, and double stack container movements by rail operate in concert
to provide a seamless transportation network that can move cargo from overseas suppliers
to distribution centers or retail outlets in sealed containers. This transportation system,
which has developed over many decades, has achieved high levels of efficiency and
responsiveness that in turn has fueled economic growth in both domestic and
international markets.

However, for all of the accomplishments of the modern freight transportation industry,
there are very real and significant problems emerging that threaten to constrain trade and
limit future economic development. Among them are growing roadway congestion on a
deteriorating highway infrastructure, escalating fuel costs and a completely oil-dependent
transportation sector, air quality concerns, a capital and capacity-constrained railroad
system, safety concerns resulting from mixing freight and passenger transportation on
highways, port congestion, and sky-rocketing infrastructure maintenance costs. These
problems provide an opportunity for the entry of an innovative transportation system that
combines the best features of trucks and railroads with advanced command and control
technology, robotics, and an environmentally sound propulsion system.

This paper introduces an approach to freight transportation that addresses the limitations
and constraints of the existing systems and presents a new, hybrid system that draws
attributes from both trucking and railroads and adds new technological elements that
enable the system to achieve high performance and capacity levels along with lower costs
and fewer adverse impacts. The concept, called the “SAFE Freight Shuttle,” (Secure-
Automated-Fast-Environmentally-clean.) offers a new method to transport containerized,

intercity or port-to-terminal freight. e
It consists of an automated vehicle, - \\\\\\\\\\\\\\\\\\\&\W\ §§§

. . = - \
a specially designed guide-way, a . \\\\ \\ \\\\\\\\\\\\\\\\\\§\§
linear induction propulsion system, ‘ \\\\\\\\\\\\\ -
and a control system that negates o . ey
the need for an on-board driver. \ e M
The propulsion system involves the
vehicle and the guide-way working
in concert as inherent components
of the motor assembly. As a result
it has virtually no moving parts to
wear out or fail. The vehicle with P
its containerized cargo is designed =
to operate over a grade separated right-of-way, reducing the burden on highways in terms




of safety, wear, and capacity while offering increased reliability and lower costs. These
benefits are achieved by maintaining compatibility with existing intermodal systems.

Most freight travels by trucks. The dominance of the trucking industry is due in large
measure to the flexibility, speed and responsiveness of the mode. But as importantly, this
dominance is due to the benefit derived from the publicly subsidized infrastructure over
which trucks operate. Railroads enjoy no such benefit, paying for the construction and
maintenance of their facilities. These factors result in a clear dividing line between
freight moved by truck and that moved by rail. Figure 2 displays the quantity of freight
relative to the distance that freight is transported. As can be readily seen, the target
distance for an alternative system need not be extensive in order to attract significant

traffic levels and positively impact highway congestion, air quality, and urban quality of
life.
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Figure 2 — Quantity of Goods and Material Moved By Distance
(Bureau of Transportation Statistics (USDOT) and U.S. Census Bureau, 2002)

The Greener Alternative

The SAFE Freight Shuttle represents a more environmentally friendly alternative to the
existing modes. It has three compelling attributes:



1. It is a more reliable and a higher-performance system — the grade separated,
dedicated infrastructure, automated vehicles, and operations predicated on
immediate dispatching means that the SAFE Freight Shuttle will provide a system
that supports increasing transport capacity.

2. The system, given its flexible, electric energy source, will positively impact air
quality in the region, reducing emissions and reducing reliance on oil.

3. The design of the system means that the adverse impacts of trucking on the
transportation system — congestion, safety, and pavement damage — are directly
avoided.

The use of linear induction motors results in a system that relies on remotely generated
electrical power to operate the system. This power can be generated with a variety of
fuels and with emissions controlled at the source — a clear air quality benefit for the
communities suffering from increasing diesel emissions. Furthermore, the energy
requirements stemming from the Fright Shuttle’s design are significantly lower than
over-the-road transport. Projections for the energy requirements of the SAFE Freight
Shuttle suggest that, at current PG&E electrical rates, a 60-mile transit would cost
roughly $20 in power use — the only variable cost in the SAFE Freight Shuttle cost
structure — far lower than the variable costs associated with trucking.

COMPETITIVE ANALYSIS

The freight transportation industry is a highly competitive and cost-constrained industry.
The SAFE Freight Shuttle system fits into this industry by fulfilling the growing need to
move freight in a cost effective, efficient, and environmentally sound manner. The SAFE
Freight Shuttle has several advantages and solves several major freight transportation
problems. The system has been developed with the intention of providing a winning
scenario for all major freight transportation stakeholder groups. Among these
stakeholders are State Departments of Transportation, the existing freight transportation
industry, the shipper community, and, perhaps most importantly, citizens that are both the
ultimate customer of freight transport and that group who must also contend with the dis-
benefits that freight movement systems inadvertently, but unavoidably, create.

Improvements over Conventional Rail

The SAFE Freight Shuttle’s design provides improvements over freight transport by rail
in the following important categories:

e Intermediate (short haul) distances — the nature of freight rail, which involves
complex sorting of cars in terminals as well as the strategic placement of
locomotives and crews, is not competitive with trucking at distances under 500
miles. Rail has virtually no share of this “short haul” market. The SAFE
Freight Shuttle will allow individual containers to be sent as they are received
in a “just-in-time” shipping system and interact efficiently with existing modes.



Technology — the railroads use technology that, while effective for their
market, is difficult to change. Certain features of rail technology, such as steel
wheel on steel rail, form the basis for the historical success of rail, other facets
of the technology, namely rail serving as a guideway as well as a rolling
surface, create problems (e.g. derailments). Further, railroads contend with
complex and expensive locomotives, poor braking systems, wheel and bearing
failure, etc. The SAFE Freight Shuttle has been designed to minimize or
eliminate most of the technology issues railroads find themselves working to
overcome. The linear induction propulsion system means there are virtually no
moving parts related to motive power and propulsion.

Crew — A major operational expense and logistical problem for railroads is
found with the on-board crew. The SAFE Freight Shuttle will be automated
and unmanned.

Grade Separated Right-of-Way — Railroads operate over a system that has
developed in concert with the highway system. As a result, the railroad
network crosses thousands of streets and highways at grade level. While the
railroads maintain the right of way at grade crossings, these intersections are a
significant safety, operational, and financial issue for the railroads. The SAFE
Freight Shuttle requires grade separation throughout any corridor over which
service is contemplated. This requirement enables many of the positive
benefits identified for the system. In Texas, the Trans Texas Corridor offers
the opportunity to develop a fully grade separated system free of the
impediments posed by crossing other transportation infrastructure.

Oil Dependency — The railroads are a major user of oil (diesel) and highly
dependent on both the availability and price of this fuel. Fuel represents about
one-half of the variable operating costs for railroads and virtually the entire
domestic fleet of locomotives is diesel powered. Restricted availability,
increased prices, or limitations on emissions may impact the railroad’s ability
to serve key markets. The SAFE Freight Shuttle is designed to operate on
electricity, a power source that provides the system considerable flexibility in
terms of basic fuel (or system; solar, wind, etc.) used to generate the energy and
is a step away from dependency on foreign oil.

Improvements over Intercity Trucking

The SAFE Freight Shuttle’s design provides improvements over freight transport by
trucks in the following important categories:

Operational Cost — The cost of intra-city drayage by truck has been estimated
at more than $4.00 per mile, depending on the location of the operation. This
figure includes the cost of the driver, fuel, maintenance, and depreciation on
equipment.

Performance — The transit time for intercity trucking is on the increase. TTI’s
annual congestion assessment shows increases in delay for motorists for every
community size surveyed. Average speeds, which are impacted by traffic



densities, rest and fuel breaks, and roadway incidents, are falling in some
corridors to pre-interstate highway levels. Recent history suggests that new
highway capacity is as rapidly consumed as it is provided. In fact, some
contend that additional highway infrastructure has the affect of encouraging
more trucking operations.

Hours of service — Trucking companies and independent truckers are
restricted by hours of service laws that limit driving and mandate rest periods.
The SAFE Freight Shuttle, operating on dedicated right-of-way, will be able
to run on a 24 hour per day, 7-days a week basis and be largely immune from
delays caused by inclement weather, traffic congestion, or disruptive roadway
occurrences. This feature will provide improved service and high capacity
levels.

Driver training and retention — a significant and growing problem for trucking
companies that, as noted above for railroads, is not an issue with the SAFE
Freight Shuttle. The system will allow truckers to operate in settings that
provide greater revenue-generating potential.

Greener option — the SAFE Freight Shuttle system will be compatible with the
introduction of “urban dray” vehicles that are designed with short-haul and
medium-haul capabilities and air-quality-friendly propulsion systems using
alternative fuels such as propane or natural gas, reducing the use of heavy
diesel tractors in urban areas and positively impacting air quality beyond the
direct effects of transport by the SAFE Freight Shuttle.

Public Benefits

The SAFE Freight Shuttle provides large public benefits in terms of avoided social costs
in areas such as safety, pavement damage, congestion, and air quality. The Federal
Highway Administration (FHWA) suggests that trucking operations create discernable
costs to the public sector in 5 major categories, as noted in Table 1, below (Federal
Highway Administration, 2000).

Table 1 — FHW A Unit Costs for Trucking on Rural and Urban Highways

in Dollars per Truck Mile

Cost Category Rural Urban
Collision Damage $0.0088 $0.0115
Pavement Damage $0.1270 $0.4090
Highway Congestion $0.0223 $0.2006
Air Pollution $0.0385 $0.0449
Noise Pollution $0.0019 $0.0304
Total $0.1985 $0.6964




These figures are derived from work performed in the 1980s. The actual costs are highly
dependent on the region being evaluated. Regardless of the exact value placed on these
categories, the understanding that the public sector bears significant costs associated with
the transportation alternatives available to them supports the movement toward lower-
impact alternatives.

SUMMARY
The positive indicators for the SAFE Freight Shuttle are numerous and compelling:

e The Ports of LA and Long Beach are currently the largest container ports in the
US and serve as the gateway for the exploding trade with the pacific-rim countries
and China. The ports must develop a viable land-side transportation strategy to
maintain growth.

e The public sector will be unable to meet the mobility needs of the region through
highway expansion, particularly if new capacity is consumed by trucks as soon as
it becomes available. Proposals for new highway infrastructure in the region
exceed $20 billion over the next two decades, $4 billion of which would be to
expand the 1-710 freeway leading to the ports — for which there is strong public
opposition (Alameda Corridor Transportation Authority, 2004).

e The environmental concerns associated with diesel emissions are shared by a
growing number of supporters of the Ports. The desire to increase trade and
simultaneously decrease emissions will require a radical change in the approach
to container transport.

e Shippers will support the proposed approach due to the direct advantage offered
by a system that can operate efficiently at or below today’s costs. The energy
efficiency of the SAFE Freight Shuttle, the automated vehicles, and the potential
for 24-hour operations, will attract significant support from a private sector
dedicated to maintaining the competitive advantage and economic growth of the
region.

e The trucking industry and owner-operators will support the SAFE Freight Shuttle
due to its ability to transport containers to a region that is less capacity
constrained. Since trucking revenues are usually earned on a per-mile basis, it
will offer drivers the ability to net a higher income, expend fuel more efficiently,
and reduce wear on equipment. Driver recruitment and retention is a major
ancillary problem indirectly addressed by the SAFE Freight Shuttle which will
not eliminate the need for trucks, but rather will allow trucking operations to take
place in more suitable locations.

The SAFE Freight Shuttle represents a rare opportunity to fill a rapidly expanding
vacuum in freight transportation. The problems emerging in this transportation sector are
immense and the solutions that are offered seldom provide more than an incremental
improvement in the manner in which freight is transported. The SAFE Freight Shuttle
offers a radical departure from today’s standard practice that combines 21% century



technology with the design simplicity necessary to accommodate the low-cost, high-
reliability demands of the freight transportation industry while still improving emissions.

Serious problems exist today in the transport of freight - problems ranging from the
environmental impacts of trucks to the shipper’s bottom line. Historically, the freight
transportation industry sees a significant shift in technology or approach about once every
50 years; the replacement of wagons by rail in the mid-19" century, the introduction of
trucks at the turn of the 20 century, and the dominance of trucks over rail in the mid-20™"
century are cases in point. The explosion of containerized freight and advancements in
automation has provided the foundation for yet another shift in the way America moves
its goods.
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1. Inreview of the Goods Movement Action Plan, Phase II Progress Report: Draft
Framework for Action (Draft (12/20/05), we found Table VI-3: System Technology
Enhancements, to be a very inaccurate representation of the capabilities of a Freight
system based on Maglev technology.

2. Attachment (1) provides background information on two potential systems that could be
applied to cargo movement within and from the Ports of LA and LB to a remote port site.
The systems use currently available Maglev systems that are either in operation or have
working prototypes.

3. It is assumed that the evaluation provided in Table VI-3 is based on the assessment of
passenger maglev system done by the FRA in its Report to Congress. A dedicated freight
maglev system is a very different system and must be assessed in a dedicated commercial
freight environment and not as a passenger system being used for freight.
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Urban Maglev Freight Container Movement at the
Ports of Los Angeles/ Long Beach'

Kenneth A James, Professor of Electrical Engineering, California State University
1250 Bellflower Blvd. Long Beach, CA 90840
Phone: 562-985-5105, Email: james@csulb.edu
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Abstract: Existing sea-based ports are typically surrounded by major metropolitan
areas, which require movement of shipping containers through those areas and places
unwelcome strains on the existing infrastructure. A case in point is the Port of Los
Angeles/Long Beach (LA/LB), the nation’s largest and most important port. Almost one-
half of the nation’s port-related traffic passes through the Los Angeles metropolitan area
on its way into the interior. The Alameda rail corridor—developed to help accommodate
the unprecedented growth of container traffic coming to and from the Port—has not
significantly reduced the impact of freight movement on the Los Angeles community. A
number of terminals at the Port must truck containers to the terminus of the Alameda
corridor, four (4) miles from the Port, causing significant congestion and diesel pollution
in the surrounding community. Costly proposals to expand the area’s existing highway
system in conjunction with a growing recognition of the dangers of Diesel Particulate
Emission (DPE) have prompted a novel approach to the container movement challenge.
This approach utilizes a proven Maglev “conveyor belt” technology that shows promise
for both short-haul urban freight movement and interstate-bound containers. The
application of this technology to container freight movement at the Port and beyond will
reduce both highway congestion and pollution throughout the Los Angeles area.

Work sponsored by the Center for the Commercial Deployment of Transportation
Technology (CCDoTT) through funding from the Office of Naval Research (ONR)

1-Introduction: Over the past several years the Center for the Deployment of
Transportation Technologies (CCDoTT) has developed the agile port concept (CCDoTT,
2003) that involves moving containers from the port, where storage space is scarce, to
inland ports or Intermodal Container Transfer Facilities (ICTFs) where containers can be
redirected to local trans-shippers, or organized into transcontinental trains. The weakest
link in this scenario is the dedicated link between the port and remote facility. Thus, for
the last three years, CCDoTT has prioritized the definition of a new paradigm in moving
containers out of the Ports of LA/LB. The approach CCDoTT pursued uses freight
optimized Maglev technology for a variety of supply chain applications. This is very
different from the concept of passenger Maglev, in that freight Maglev has a known
ridership—container volume—and the containers are all going to the same places—ICTFs.

This container movement paradigm has several requirements. The first is to
accommodate projected port growth so the economic base of the Southern California
region, and the entire county, can continue to grow. The second is to relieve pressure on
the existing highway infrastructure which cannot well handle its current load. The third is
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to improve the quality of life, not just at the port, but throughout the region. An adage
attributed to Einstein, appropriate to the CCDoTT paradigm shift is: “You cannot solve
problems with the same technologies that caused them.” These three (3) requirements
define the parameters of a new container transport approach.

Growth of the Ports of LA/LB is essential because it provides jobs and produces wealth
within the region. A recent study shows that newly created logistics jobs have in fact
more than made up for manufacturing jobs lost due to industry moving from Southern
California, and they are higher paying than manufacturing jobs requiring similar skills
(Husing, 2005). Acreage at the port rents for upwards of $250,000/acre/year producing
income for cities and state (CCDoTT (2), 2005) Supplies for military sustainment have
historically passed through the port, and military planners need to continue to be able to
count on the port as a means of shipping supplies to military depots overseas. And,
most strategically, almost one half of all the imports to this country come through the
Ports of LA/LB (Aschemeyer, 2005) An increase in the size of the Ports is not possible;
there clearly is not room to expand. To meet the projected container influx, port
throughput must be increased. A container movement approach should have the
capability of moving an additional five (5) million or more forty foot containers per year
from the port.

Traffic problems on Southern California freeways are legendary. The estimate of 11
$Billion/year in productivity losses in Los Angeles and Orange counties, due to freeway
congestion is not surprising (Schrank, 2005). Adding more containers from the Ports of
LA/LB year after year will likely bring the region to a standstill. Even if local
governments, political action groups, and community leaders could agree on how and
where rail or highway could be expanded, these means of container transport still have a
wide footprint (surface area utilized) and cannot easily be elevated. To reduce the stress
on the existing Southern California infrastructure a container movement approach should
be capable of high throughput but have a smaller footprint than road or rail.

Stationary sources of pollution such as electrical power plants have made great strides in
reducing air pollution with massive “scrubbers”, and automobiles have continued
improving over the years; air quality for the Southern California region has markedly
improved as a result. One pollutant, however, remains problematic: Diesel Particulate
Emissions or DPE. This pollutant is different from gaseous pollutants in that it is localized
to areas where diesel engines operate such as the port, truck/train intermodals, and
along freeway and rail corridors. The effects of DPE are devastating. More than thirty
(30) human epidemiological studies have found that diesel exhaust increases cancer
risks, and a 1999 California study found that diesel exhaust is responsible for seventy
(70) percent of cancer risks from air pollution (Bailey, 2005). Only recently has the
danger of having homes and schools close to sources of DPE been recognized. Figure 1
shows an Air Quality Management District (AQMD) (MATES 1I, 2000) study of how DPE is
concentrated around the port and transport paths. To alleviate the severity of the DPE
problem for the entire community, a container movement approach should exploit fixed
power sources that produce minimal pollution
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Figure 1. Model Estimated Cancer Risk/Million Population For The Los Angeles Basin

The aforementioned economic, congestion and pollution issues facing urban freight
movement from the Ports produce conflicting constraints to balancing Southern
California’s economic future with the region’s quality of life. The international trade
industry (ships, trucks and trains) has been identified as a major source of pollution due
to the heavy use of diesel power. Port expansion plans have run into a community
environmental “road block;” more rigorous Environmental Impact Reports (EIRs) are
being demanded. Responding to community pressures, some elected officials are
discussing limits on port emissions; these would also serve to limit port growth.
California state legislators have fired off a barrage of bills aimed at regulating and
changing the way goods are handled, workers are compensated, and pollution is curbed
at California ports and transportation hubs. Several of these bills add constraints to
operations while others add costs to the movement of containers both within and beyond
the Ports’ region. From an economic perspective, these bills impact the economies of the
Ports and cargo movement and therefore affect the cost of doing business. Maglev
presents a “win-win” solution; moving containers in sufficient number and speed to allow
continued economic growth, while alleviating congestion and pollution throughout the
Southern California basin.
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2-New Paradigm for Container Movement: Maglev technology is a solution that can
help solve the problems created by the technology responsible for the congestion and
pollution Southern California is faced with today. It provides the needed balance
between more and better jobs of an expanding economy and a quiet, clean, and safe
environment for the people who have those jobs. Again, “one cannot solve problems
with the same technologies that caused them.”

Maglev is not a new concept. Recently, the world’s first commercial urban Maglev and
high-speed Maglev passenger lines have gone into service in Japan and China,
respectively. Application of Maglev technology to a freight-only system is an innovative
alternative to conventional road or rail infrastructure. The environmental and community
constraints on expanding conventional means of container transport through the Los
Angeles basin indicate that a Maglev freight system will have similar capital costs and
lower operational costs than highway and rail, thus providing a cost-competitive solution
for urban areas (TransRapid, 2004). The referenced study involved an Electromagnetic
System (EMS) design by TransRapid, the German developer of the world’s first
commercial Maglev system. Recent work at Lawrence Livermore Laboratory and General
Atomics (GA) has shown that an Electrodynamic System (EDS) Maglev also has
significant potential benefits for transporting containers.

3-Maglev Urban Freight Technologies: Maglev technology is a way of floating
container carriages utilizing a magnetic field to move them along a guideway without any
moving parts. It is not a new technology; Maglev was conceived decades ago. Only in
the last fifty (50) years has it been applied to real world situations. There are two (2)
forms of Maglev. ElectroMagnetic Suspension (EMS) uses electronic feedback control to
lift the carriage with attractive magnetic force. This system was developed by the
German firms Siemens and Krupp in a joint venture named TransRapid. The TransRapid
carriage is pulled forward by a Linear Synchronous Motor (LSM) that is similar to a typical
electric motor, but unwound and laid lengthwise along the guideway.

The second Maglev form is ElectroDynamic Suspension (EDS) which was conceived in the
United States during the 1960s, and later developed by Japan. EDS employs a magnet
moving above a conductive plane producing an opposite image of the magnet and
generating magnetic repulsion that causes the carriage to lift away from the guideway.
Fifty years ago the only magnets powerful enough to be used for this form of Maglev
were superconducting magnets, which at that time were laboratory oddities. It was not
until the late 1980’s with the development of rare-earth magnets such as Neodymium
Iron Boron (NbFeB) that EDS technology became realizable without cryogenics. EDS still
had to wait until the 1990s for the development at Lawrence Livermore Laboratories of
Halbach array technology (Heller, 2005). Today General Atomics has licensed the
technology, and built a full-scale 400-ft. EDS Maglev test track at their headquarters in
San Diego. This system also uses a linear synchronous motor for propulsion. The
advantage of the EDS magnetic suspension system is its passive nature: there are no on-
board power supplies to generate the lift forces (all that is needed is forward motion,
generated by the LSM windings in the track). In addition, an EDS suspension leads to
significantly greater air gaps resulting in more lenient guideway construction tolerances,
with resultant cost savings potential.

Maglev technology can accommodate port container growth with on-dock service, reduce
stress on the existing infrastructure (since it has a small footprint and can be elevated),
and, by using fixed power sources, produce negligible air and noise pollution. In
addition, economic projections of Maglev usage are considerably more straightforward for
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freight compared with moving passengers. The amount of freight moved per day is
known, and the system can be designed to accommodate current and future needs. By
contrast, a passenger system relies on a minimum (and sometimes difficult to project)
ridership for economic viability. Two years ago, CCDoTT approached TransRapid with the
concept of freight Maglev. TransRapid recognized the economic advantages of CCDoTT's
“conveyor” approach and began working with CCDoTT on a first-order model from a port
to inland intermodal system. Figure 2 shows the TransRapid freight-optimized design
with attracting magnets lifting the carriage.

End Section
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Figure 2 TransRapid Freight Optimized Maglev Carriage

TransRapid engineers also performed a propulsion power, system architecture analysis,
as shown in Figure 3 (TransRapid, 2004).
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CCDoTT Southern California Freight Initiative: Transrapid Maglev System
Infand Empire Route: Track Scheme / Propulsion Layout (schematic layout, not to scale)
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Figure 3 TransRapid’s Port to Inland Intermodal Layout

The ElectroDynamic Suspension approach, developed by General Atomics, is passive in
that once the carriage, which initially rests on wheels, is propelled by the linear
synchronous motor to a velocity of around 5 to 10 miles/hour, when lift is achieved.
Figure 4 shows a schematic of the passive magnet, Halbach array configuration relative
to the transposed conductor guideway. General Atomics has built a full-scale prototype
of a passenger EDS Maglev system at its facility in San Diego consisting of a carriage,
guideway and power distribution system. Experimental results from system tests show
the magnitude of the required velocity for “lift-off” as well as the measured drag as a
function of velocity.

Like TransRapid, General Atomics proposes enhancing their passenger Maglev carriage to
carry shipping containers. Figure 5 is a detailed sketch of the existing passenger carriage
used for system evaluation.
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Figure 4 General Atomic’s EDS schematic with Results for Full-Scale Freight Prototype

An area where significant Maglev system cost optimization can be realized involves the
guideway and associated components. The EMS system with its electronic feedback
control, operating with a nominal air gap on the order of 10 millimeters, has inherently
tight tolerances, on the order of millimeters—between the lifting magnets and the
guideway. Camphor and support spacing of an elevated guideway for an EMS system are
critical design factors. An EDS system lifts away from the guideway—on the order of 20
to 30 millimeters—allowing more versatility in guideway design, with more lenient
tolerances in component fabrication and assembly. General Atomics has considered
various forms of prefabricated guideway sections as shown in Figure 6.
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Figure 6 Two forms of EDS Maglev Guideway Considered by General Atomics

4-CCDoTT’'s FY’'04 Freight Maglev Program: As described previously, CCDoTT
initialized its investigation into freight optimized Maglev with TransRapid, the only
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commercially available Maglev manufacturer in the world at that time. That company
provided CCDoTT with a preliminary freight system design and approximate operational
and capital costs, based on their experience in Shanghai. CCDoTT also worked with
Automation Associates to develop a 1% order model of the Southern California rail and
road infrastructure to determine the impact of a Maglev system on the transportation
arteries in the region. Manalytics Inc. provided cost data for moving containers through
Southern California by road and rail as well as existing and projected container traffic.

CCDoTT's findings for FY'04 were most encouraging. The increased speed and density of
a dedicated express container transporter connecting the port to the Inland Empire as
well as Victorville, a railhead for the Burlington Northern Santa Fe (BNSF), and
Beaumont, a railhead for the Union Pacific (UP), showed Maglev technology could
accommodate port growth and carry an additional five (5) million containers per year
(TransRapid, 2004). Why the elevated Maglev with its narrow footprint can carry more
containers than a much wider freeway, involves the consistent 70 mph speed of the
containers on the conveyor system. The benefits of the port-to-inland corridor approach
are numerous. Container traffic bound for the continental U.S. is separated from
commuter traffic and trucks servicing distributors and manufacturers within this region,
making freeways more useful. Reduced congestion lessens the need to expand freeways.
Less congestion also allows more reliable military movement to the ports. As a side
benefit, there are plans for a military staging area at the Southern California Logistics
Center, the former George Air Force Base, which would benefit from the use of
commercial Maglev. The land in these inland areas is cheaper for warehouse trans-
shippers: $250,000/acre/year at the Ports vs. $250/acre/year in Hesperia (CCDoOTT (2),
2005). Since Maglev is computer controlled and carriages are operated without on-
board personnel, security is also improved. Most importantly, the projected Maglev
system can move five (5) million or more containers with minimal air and noise pollution.

CCDoTT considered a number of rights-of-way as shown on the map in Figure 7. Perhaps
the most promising route is the one that follows I-15 through the Cajon pass. Another
attribute of Maglev freight optimized systems is their ability to climb steep grades. Both
the EMS and EDS freight-optimized Maglev systems are projected to be able to carry
containers up a 6% grade, while rail can only handle 3%. This is why trains must take a
circuitous route through the pass and require expensive tunneling. The 6% maximum
grade for freight Maglev matches the maximum grade allowed on the Interstate highway
system, suggesting Maglev rights-of-way along interstate medians.



Urban Maglev Container Corridor James/ Gurol

PleﬂbEd Freight Maglev RouUtes

\\\\\\\\\\\\\\\\\\\\\\\\\\\W\\ AR
\\\

T

\\\\\\\\

el

\J D

Figure 7 A Number of Proposed nghts of—Way for the Port to Inland Intermodal Maglev

The charts in Figures 8,9 show the projected transit time and operational costs of
sending a container from the port to an inland intermodal terminal. The one-way cost
and time projections for the three container transport methods were determined by
quotes from trucking firms (R & C Trucking, 2005), the trial Alameda Corridor “shuttle
train” (CCDoTT(1)), and TransRapid power analysis. The energy required per trip for
Maglev was estimated to be approximately five hundred (500) kWh per forty (40) foot
container (TransRapid, 2004). Conventional lift-on/lift-off handling costs were added to
this energy expense to arrive at the Maglev freight operational cost. Maglev costs fare
very well when compared to shuttle trains presently under evaluation, to conventional
truck portage, and includes the added benefit of negligible air and noise pollution.

An examination of capital costs must include the small footprint and the ease of elevation
of the Maglev freight system, which makes its construction cost competitive with the
costs of expanding highway and rail in the crowded Los Angeles basin. Highway costs
are based on construction of a four lane elevated truck expressway with on and off ramps
(MTA 2005) transitioning to widened freeways to allow for dedicated truck lanes. Rail
costs are based on having to “trench” (drop below road level) several miles to eliminate
grade crossings through east Los Angeles (Southern 2005). These are all very expensive
propositions; Maglev technology can lead to very significant system cost savings.

10
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Figures 8,9 Comparison of Rail, Highway, and Maglev Time to Delivery and Operational
Cost per One-Way Trip from Port to Inland Intermodal, 100 miles Away

Maglev possesses operating cost margins that would encourage private investment.
Figure 10 shows projected capital cost comparisons.
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Figure 10 Comparison of Rail, Highway, and Maglev Capital Costs to Carry an Additional
5+ Million Containers per Year

For these capital expenditures, Maglev needs a freight system demonstration. Due to
increased attention to the million+ truck trips per year moving containers from the gates
of the terminals to the proposed new BNSF ICTF and existing truck traffic to the existing
UP ICTF, the opportunity to put the first phase of the Maglev system into effect has
materialized.

5-CCDoTT’s Ongoing FY'05 Freight Maglev Program: The immediate application for
Maglev Technology is the feeder system from terminals to ICTFs, which in reality
eliminate short haul trucking from terminal to Alameda Corridor ICTFs and railheads. It
provides a feeder system to get containers out of the Ports and will eventually be part of
the larger and more comprehensive Maglev freight system.

11
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What can happen with an automated Maglev conveyor increasing container throughput
and port productivity? (1) Maglev would greatly enhance the economic viability of the
Alameda Corridor. (2) Large reductions in harmful Diesel Particulate Emissions (DPE)
would be attained. (3) Present trucking costs from terminals to ICTF of approximately
$125 (+$90 lift costs) could be reduced by $100 with freight Maglev, more if terminal
container movement vehicles are outfitted with Maglev hardware to reduce lift-on/lift-off
costs. Capital cost studies are presently the subject of a joint GA/CSULB proposal, as
well as more detailed operating costs.

California State University is conducting a study on the engineering design and
subsequent cost of the General Atomics (EDS) approach for container freight movement
at the Ports. The EDS Maglev design will be projected onto the Port of Los Angeles /
Long Beach / Alameda Corridor infrastructure to determine its feasibility as a means of
transporting containers from the Port’s terminals to the (ICTF) at the Alameda Corridor
(Gurol, 2005). Comparisons of the Maglev system with a number of proposed,
conventional solutions to Port throughput will be made. Resultant community impact will
also be addressed.

CSULB working with GA, will address a number of tasks in this initial feasibility study.
First, we will develop a list of operational and site-specific requirements for a cargo
Maglev system. These requirements will be used to flow down requirements for the
guideway, vehicles, levitation and propulsion magnets, propulsion power systems, and
communication and signaling system. The existing GA Maglev test chassis, seen in
Figure 11, will be used as the basis for modifying the magnetic systems to handle the
loading requirements. The approach uses the dynamic data from the on-going GA
chassis testing to scale to the required magnetic footprint area. Initial projections appear
very promising that the magnetic system can easily handle the maximum loading. The
guideway will also be re-configured to handle the maximum loading imposed by project
cargo loads. We will evaluate the structure based on maximum allowable deflections in
the girders (a large air gap can allow larger deflections, leading to potentially cheaper
structures), and then design an overall system architecture based on the throughput
requirements for cargo.

12
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Figure 11 EDS Maglev Prototype at General Atomics, Diego, California.

Maglev technology has unique enabling features, which make it ideal for carrying cargo.
First, the linear synchronous motor and friction-free magnetic suspension will result in a
system which can accelerate much faster than conventional wheeled systems (0.15 g
acceleration is typical); this leads to high throughput (short headways). In addition, the
magnetic propulsion system can handle much greater grades (Maglev design is for 10%;
6% is needed for cargo). During the study, we will develop an architecture that takes
full advantage of these features. The next steps will be to develop a cost estimate and
schedule for the construction and operation of an initial 5-mile Maglev cargo
demonstration system at the Port of Los Angeles.

6-Conclusions: Moving large numbers of containers quickly and efficiently from the
Ports of LA/LB to transcontinental trains, trans-shippers, and Inland Empire warehouses
is vital to the health of the Southern California economy. Equally important is the
physical health of the region’s citizens. A technology that moves containers with
markedly reduced pollution as well as reduced traffic congestion is desperately needed
(Press Telegram, 2005). This paper presents such a technology--Maglev, and describes
how that technology can be projected onto the region’s goods movement infrastructure;
including possible routes, container throughput volume, capital expenditures, and
operational costs.

13
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Recommended changes to Page VI-4, Table VI-3, of the Goods Movement Action
Plan, Phase 11
Progress Report: Draft Framework for Action (Draft (12/20/05)

CCDoTT originated the concept of a freight dedicated maglev system in its 2003 cycle of

projects. For the last two years, extensive research and development, including work
with several national laboratories and the Department of Transportation Volpe Research
Center, have defined a maglev, cargo conveyor systems. These studies have also

produced categorized comparisons of maglev conveyors with existing and proposed
technologies for removing containers from the port and into the Southern California

goods movement arena.

As the acknowledged leader by maglev technology providers (Transrapid America Inc,
and General Atomics) in maglev freight, conveyor concepts, we submit added resolution

to Table VI-3: “System Technology Enhancements” for the draft “Goods Movement

Action Plan”
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Notes—from recently delivered paper (attachment (1)) to the “Urban Freight

Conference”




(1) Maglev systems have demonstrated speeds up to 350 mph. CCDoTT funded
studies with the world’s first maglev manufacturer indicate that container
consorts of 20 containers each will move non-stop at 90 mph. A single
bidirectional, maglev container conveyor is capable of a throughput of 5 million+
TEU out of the port per year. Expansions to the system can accommodate
projected container volumes for the next fifty years.

(2) Maglev cargo containers have no moving parts and make no contact with the
guideway. Maglev’s reliability far exceeds “steel wheel systems” since the
weight of the cargo is distributed over several square meters rather than a few
square centimeters. Also, the first embodiment of maglev technology has been in
passenger travel. Over 20 million people have used the first commercial maglev
in Shanghai without a single incident. Thus, maglev cargo conveyors will have a
reliability exceeding any existing or proposed freight system.

(3) Simply put, maglev is the most environmentally acceptable (pollution, noise,
vibration, footprint) of any cargo transport known.

(4) Maglev systems are commercially available from CCDoTT’s two,
aforementioned technology providers

(5) Since maglev cargo conveyors are totally automated and run on an elevated
guideway at significant speed, they are inherently secure. The conveyor nature of
the system allows for organized passage though several, parallel x-ray portals,
and automated selection and transport for quarantine measures. Additionally, the
Maglev system, using empty containers, could be utilized as a rapid evacuation
system from the port if a mass evacuation of the port became necessary and
normal transportation means were overloaded or blocked.

(6) Maglev cargo containers are not only compatible with rail and highway at the
port and in goods movement processes, but also complement these existing
infrastructures by easing congestion and serving as feeder systems to Inter-modal
Container Transfer Facilities (ICTF) and railheads.
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OF TRANSPORTATION TECHNOLOGIES (CCDoTT)

CCDoTT is California State University, Long Beach sponsored, government approved and
supported R&D center dealing with maritime-related transportation issues on behalf of both
commercial and military interests. It was established in 1995 to address dual-use issues
relating to emerging High-Speed Ships and their related Agile Port Systems. CCDoTT has
since assumed an expanded role to also address the issues of Rapid Deployment, Decision
Support Tools (Command & Control), and was involved with programs improving Security
associated with marine related cargo movements before 9/11/2001. Additional efforts are now
being directed towards the military interests and requirements associated with emerging Sea
Basing support systems.

The objectives of the CCDoTT program include:

» Evaluation of problems, requirements and opportunities associated with commercial and
military transportation issues.

e Development and implementation of marine related, dual-use technologies in support of
commercial and military interests to enhance the competitive position of U.S. flag
commercial carriers and related transportation interests.

e Oversight of select military and commercial program interdependency issues and
required actions associated with technology transfer and project validation through the
demonstration and operational implementation of dual-use marine related technologies.

e Linking University research capabilities to commercial and military research capacity to
advance national transportation technology requirements.

CCDoTT’s program initiatives are within the 6.3 category (applied research) associated with
government R&D program designators. Further in the technology development process,
CCDoTT assures that program results are of such quality and quantity as to ensure productive
commercial and/or military demonstration and validation in advance of direct transition to final
product market development and operational implementation.

The ability to identify and act on the configuration and management of these innovative and
transitional technical development efforts is highly dependent on the professional understanding
of the current and emerging issues, understanding of suitable technical support services
available and the interest and willingness of prospective end-users to actively participate in the
developmental efforts.

As a whole, CCDoTT combines these efforts to tap into the maritime research and validation
potential of the largest port in the United States, the combined Port of Los Angeles and Long
Beach, to create a program of unparalleled potential and capability. CCDoTT is unique in its
focus on maritime research and access to the greatest local resources and facilities.

Since its inception, CCDoTT has managed more than 100 contracts dealing with the various
sectors within the program. In reviewing recent past program efforts we note the following
accomplishments:

6300 State University Drive, Suite 220 e Long Beach, California 90815
phone 562.985.7394 o fax 562.985.2583 ¢ www.ccdott.org




In the area of Agile Ports and Terminal Systems:

» The Efficient Marine Terminal (EMT) program addresses the improvement in marine
terminal productivity and is the baseline program for the Agile Port sector.

e The Hazardous Material Detection system will be interfaced with the ongoing Inspection
Technology systems development. These programs will in turn interface with cargo and
equipment identification systems associated with container surveillance and
management.

o Chassis Tag, RIFD and E-seal technologies.

In the High-Speed Ship area:

e The CFD Design Tool Development program is the design precursor to the Blended
Wing Body Design and Construction program.

e The Trimaran High-speed Ship system is recognized as a prime candidate for
designation as a Maritime Prepositioning Ship or support vehicle system to be
associated with the emerging Sea Basing concepts.

» Waterjet Propulsor Concept for HSS is intended to produce the next generation of high
power density waterjet systems that will be suitable for the inordinate power
requirements of future high-speed commercial and military ocean vehicles.

Short sea shipping for coastal and inland waterways.

e On-demand hydrogen fuel system for prototype marine demonstration.

e The HSS/AP logistics assessment is directed towards the prospective market for
commercial high-speed ships operating in the Pacific trade routes.

In Rapid Deployment:

» The assessment of goods movement in the Los Angeles/Long Beach regional area
identifies the ways and means to more effectively employ the existing port, terminal, and
intermodal cargo transport systems in view of the projected continual increases in trade
through these two port areas.

» The Transportation Internet Portal system has been initiated as a means for military
cargo movement planners to have real time access to the status of U.S. flag ocean
carriers operating within the VISA community or otherwise.

In Command and Control:

o The Decision Support Tools program has been undertaken in direct support of
USTRANSCOM rapid deployment efforts. CSULB has undertaken an assessment to
show how collaborative visualization technology could be employed within the Ports of
Los Angeles/Long Beach and its potential utilization in conjunction with the Alameda
corridor.

The High-Speed Ship and Agile Port programs were in a sense visionary at the time of their
original implementation and have since emerged as leading activities in support of transitional
military deployment requirements and commercial efforts to enhance the competitive position of
the U.S. flag fleet. CCDoTT has successfully demonstrated the ability to integrate highly skilled
technical personnel and related organizations within the commercial and military communities in
support of current and emerging marine related transportation issues.

Over the past nine years the Department of Defense, through the Defense Appropriation
process, appropriated funding in support of CCDoTT in conjunction with the U.S. Transportation
Command, the Maritime Administration, and most recently the Office of Naval Research.

Efforts are in progress to identify related technical programs and suitable funding for FY ‘06.




NOTES AND COMMENTS
ON MAGLEYV CONTAINER CONVEYER SYSTEM
Ports of Los Angeles and Long Beach
By
George Gillow
ARINC Engineering Services
February, 2006

This paper contains some brief notes on the proposed Magnetic Levitation (MagLev) container conveyer
system that was presented by CCDoTT at the recent IMPACT 2005 conference. The MaglLev system will
have “driverless” container vehicles/platforms that move at speeds of 60 to 90 mph from the ports of Los
Angeles and Long Beach to an inland Intermodal Interface Center (IFC) at a location such as Victorville
and/or Beaumont. The Maglev conveyer system is similar to train systems being developed and tested in
various locations around the world. Advantages, disadvantages and recommendations are presented
below. A list of questions that need to be addressed are listed as part of the disadvantage section.

Advantages

1. Cargo congestion at the ports would be greatly alleviated. The MagLev system would provide for
an infrastructure that could transport up to 6 million containers a year from the ports to the IFC.

2. Railroad and truck traffic, in and around the ports, would be greatly reduced.

3. Maglev isa mechanically frictionless system, so less energy is required.

4. The Maglev system will greatly reduce air pollution—mostly diesel particulate—in the port
areas. Air pollution is greatly reduced in the port areas but will increase at electrical power
generating stations that generate the power to operate the MagLev system. Generating stations
may be petroleum, natural gas or coal generating stations. Some of the electrical power required
to operate the Maglev might come from nuclear or renewable sources that do not produce air
pollution.

5. The system is more reliable since there is no physical contact of moving parts and there is less
wear and tear on components.

6. The system may be less expensive to operate than conventional railroad or truck systems.

7. Maglev is quieter than trucks and railroad trains.

8. Maglev trains can operate on steeper grades than conventional railroad trains.

Disadvantages and Questions

1.

There are three possible MagLev technologies being considered. Each one of these is still in the
early stages of development and each has disadvantages:

1) A system utilizing cryogenically cooled superconducting coils to create magnetism: This
allows for heavier lift and air gaps of over 6”. This larger air gap results in lower design
tolerances than other technologies. However, super-cooling is required with temperatures as
low as -400° Fahrenheit. It takes a lot of energy for refrigeration and costs for maintenance
and installation would be high.
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6.

1) A system using inductive electromagnetism: This is a system using heavy duty
electromagnets. The air gap is less than an inch so it is difficult to achieve the tight tolerance.
Operating and maintenance costs are high.

iii) A system using Halbach Array permanent magnets: This system requires less energy since
levitation does not require generated electricity. The air gap is small, at about one (1) inch
(2.54cm). This air gap is better than with inductive electromagnetic systems, but is still small
and results in difficult design tolerances. As with the other technologies, the vehicle must be
in motion to achieve levitation.

Switching vehicles from track to track (guideway to guideway) is very difficult with Maglev
systems. This is because either the vehicle chassis unit “wraps” around the guideway, or the
guideway “wraps” around the under-part of the vehicle chassis unit. So switching from one
guideway to another requires a bulky, complex mechanism. Experimental and early Maglev
systems are point-to-point where trains do not have to switch. However, for container movement
in and out of ports, large, multiple marshaling/staging areas are required at each end of the
conveyer. A large amount of switching will be required before the cargo reaches the main line
conveyer. This will be technically difficult and costly.

No large scale systems have been tested that cover a large geographic area. There could be
unknown risks of this new technology.

MaglLev systems are designed to work at high speeds. The Japanese superconducting system must
achieve a speed of over 60 mph before levitation occurs. The Los Angeles, Long Beach system
would operate at only 60 mph to 90 mph. So the superconducting option may not result in enough
speed to achieve levitation.

Theoretically, less energy is required for Maglev compared to trucks and conventional trains.
But this may only be true for vehicles moving at a constant speed. Varying speeds may result in

using considerably more energy. Speed variations are required for curves and steep grades.

The high level electromagnetism created by electro-magnets could be harmful to humans.

Suggested Questions

1.

CCDoTT is proposing the Halbach array approach which is being tested by General Atomics in
San Diego (the system is called Inductrack). Will the field strength diminish and will the magnets
wear out since the permanent magnets are constantly interacting and air friction could cause high
temperatures?

The cost for the construction of MagLev systems is about $80 million to $100 million per mile.
This is claimed to be less than highway construction and slightly more than for railroads. Are
there hidden costs such as for electrical power inverter stations?

Maintenance costs could be $1million to $2million per mile, per year. This would be $100

million to $200 million per year for a 100 mile system. Will yearly maintenance costs be even
higher?
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4.

How complex are the marshalling areas at the ports, due to the difficulty in switching MagLev
vehicles?

How much does the marshalling area increase the expense of the Maglev system?
There are other technologies been considered in other port areas in addition to MagLev. Proposed
systems will move containers at 50 to 80 mph. Have other alternatives been considered, such as

listed below? (See the Backup Information, page B4, for pictures.)

a. Self propelled, driverless, railroad container freight cars: These could travel on existing
railroads modified to provide electrical power. It could be the least expensive alternative.

b. Fixed guideways where containers are carried by driverless vehicles that have rubber tires.

¢. Monorail type overhead guideway where containers are carried by an overhead handling
system: Propulsion is by linear inductive motors.

All of these technologies will result in greatly reducing air pollution, just as with MagLev. They
may be less expensive to install and maintain. They are all further along in development and
have less risk of success than Maglev systems.

Recommendations

L.

We recommend that all of the development and deployment of new and experimental MaglLev
systems be monitored. Issues of concern need to be identified.

We recommend that a physicist--with experience in magnetism and no biases conceming
Magl.ev--should look at the issues of superconducting, electromagnetism and permanent

magnetism for Maglev.

If possible, engineers who have worked on Maglev systems should be interviewed. Preferably
they should no longer be working for a Maglev supplier.

Once a decision is made, a detailed specification should be completed and a careful bidding
process conducted.

Other alternatives, such as those listed in this paper, should be compared to the Maglev option.
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BACKUP INFORMATION

Magl.ev Technology Notes

1.

7.

8.

Some systems use the cryogenically cooled superconductive magnets. Some systems use coupled
servo controller, powered electro-magnets.

Work is being done in the development and testing of higher temperature superconductive
magnets.

The Halbach Array is a special configuration of permanent magnets that produces strong
magnetic fields without the need for external electrical power to create levitation. External power
1s required to move the vehicles.

Halbach Array technology is advertised to achieve a 50-to-1 lift ratio. Therefore, one pound of
magnets lifts 50 pounds of cargo. Lifting 100 tons or more is possible.

The proposed Halbach Array magnets are rare-earth, neodymium-iron-boron permanent
magnets—no electricity is needed.

The Halbach Array system has a guideway containing coils of wire. When a vehicle’s permanent
magnets pass over the coils, an electrical current is created causing a magnetic field. The
magnetic field repels the permanent magnetic field causing the vehicle to lift. Movement is
necessary to achieve levitation, but only at a speed of four (4) to five (5) mph.

For all technologies, greater levitation is achieved as the vehicles move faster.

Magnetic field strength is measured in “Gause (G)” and “Tesla (T)”. 1T=10,000G.

Additional Comments

1.

CCDoTT stated that the Texas Transportation Institute concluded that business productivity lost
due to freeway congestion in Los Angeles is estimated at $14Billion/year. A MagLev conveyer
system would reduce trucks on freeways resulting in less traffic congestion.

Cargo transported to the IFC by the Maglev system will be transferred to trucks and
conventional railroads for long distance transportation.

Cargo, other than containers, could also be carried by the MagLev conveyor system. These
include cars, fruit, bulk, and break-bulk freight.

The German TransRapid Corp. is developing the non-superconducting, standard electro-magnetic
system.

The estimated price of $25 billion for a MagLev conveyer system from the ports of Los
Angeles/LongBeach to an inland IFC is a realistic estimate. (Some MagLev cost estimates are
$80 million to $100 million per mile for construction.)

Container vehicles would travel in “consists” of about 20 vehicles. Each “consist” is controlled
by a computer, therefore is driverless.

ARINC MagLev Comments PageB 1



7. Railroad companies will likely support the MagLev system since intercontinental movement is
much more lucrative than feeder rails.

8. MagLev trains, currently in development, have safety features in case of power failure. These
include internal batteries and auxiliary wheels.

9. Two MagLev systems are in operation as of Feb. 2006. These are located in Shanghai, China and
Nagoya, Japan. Each is a single track/guideway system that extends a few miles. A short (less

than a mile) test system is being installed at Old Dominion University in Virginia.
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BACKUP INFORMA TION—Continued

Front View of A MagLev Container Conveyer Unit
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BACKUP INFORMATION—Continued

ALTERNATIVE SYSTEMS

Self Propelled, Driverless, Railroad Car (CargoMover, courtesy of Siemens Transportation)
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BACKUP INFORMATION—Continued

ALTERNATIVE SYSTEMS

Overhead Monorail System (AutoGO system, courtesy of Titan Global Technologies, Ltd.)
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Executive Summary

ONR Magnetic Levitation Research and Development Roadmap
introduction

Magnetic levitation (Maglev) research and development in transportation started
in the late 1960's and was initiated because of the developments in
superconducting materials and magnets that offered very significant benefits.
These very high strength superconducting magnets allowed vehicles to be
magnetically levitated and propelled with large air gaps (200 - 250 mm), which
mitigate many of the high speed steel wheel on rail cost and operating and
maintenance issues, such as those related to power collection, weather related
traction problems, wheel rail wear, and vehicle and guideway dynamic issues
related to keeping the track sufficiently straight so as to maintain good ride
quality and not cause derailments at high speeds (360 — 500 km/hr).

Friction independent transmission of electromagnetic propulsion by means of
linear electric motors not only allows all weather operation, but also positive
automatic control at short headways and the capability to climb very steep
grades. This inferred that all vehicles could be electronically coupled without
heavy mechanical couplers, and thereby provide more frequent service with off-
line stations, direct origin-to-destination, demand responsive service, and more
direct alignments. Overall, Maglev offers the highest performance and safety
capability of any surface transportation system (particularly, at high speeds) at
the lowest life-cycle cost. In other words, Maglev is a technological solution to
high performance, lowest operating and maintenance cost, and with the highest
ievel of safety.

In spite of this, the U.S. effort was abruptly stopped in 1974 due to the energy
crisis. However, Germany and Japan had each developed long range plans.
Germany, after carefully conducted studies and testing of a number of
alternatives, continued their work on the high-speed Transrapid Inter-City system
at Emsland. Transrapid, which was operationally demonstrated in 1978, was
based on conventional electromagnetic technology with very small (7 mm) air
gaps. This necessitated a very precisely fabricated guideway. At the time, the
fabrication of this precise guideway was thought to far too expensive, and the
U.S. started to pursue large gap Electrodynamic suspension technology.
However, the Germans developed fabricating technology coupled to paperless
design that allowed relatively low cost guideways to be built. This amazed the
world and advanced Transrapid to the forefront.

The Japanese on the other hand launched into the development of the high-
speed MLU superconducting trains, which offered a very large non-contacting air
gap that was far less susceptible to earthquakes than any other surface
transportation system. Japanese Air Lines also initiated development of the



High Speed Surface Transportation (HSST) technology to mitigate the enormous
congestion, which caused considerable delay in getting to the airports. The
HSST was demonstrated at several expositions and was inaugurated into
operational service in Japan's Aichi Prefecture in 2005.

in 1989 the U.S. Congress appropriated roughly $9 Million for the National
Maglev Initiative (MNI) to determine if the U.S. had leap frog technology

that was better than the German Transrapid or Japanese MLU or HSST
technology. The NMI concluded that there were very significant

technological advantages and cost-benefit of American technology. However,
in 1994, again a hiatus was initiated due to the Federal deficit.

In 1999 the Federal Transit Administration (FTA) initiated an urban maglev
program. This resulted in an even greater technological leap frog forward that
was primarily a manifestation of hybrid permanent magnet technology. This
effort reduced the cost of maglev systems by a factor of three to five times
that of the HSST or the Inter-City Transrapid.

The Federal Railroad Administration (FRA) however, has continued to cost and
plan the use of Transrapid in its Commercial Feasibility Study (1997) neglecting
the findings of the NMI and in more recent studies even the results of the FTA
Urban Maglev Program. Although Transrapid has demonstrated operational
feasibility via the Shanghai system, this technology is based on 1978 technology
that was designed for high speed long distance intercity operation with European
and Asian demographics. In addition, it was designed with a capability to climb
only a 6 % grade. For that purpose, Transrapid can meet the stated objective,
but this 1978 technology it is not the least expensive. Furthermore, life cycle
costs were not used as the benefit-cost measure, rather, the system capital cost
was the only determinant. This eliminated one of the most important benefit
measures — the low operating and maintenance cost, which gives Maglev the
capability to operate without a subsidy. Over the life of the system the low
operating cost more than offsets the capital cost of the infrastructure. The lack of
using life cycle costs as the benefit measure has led to the perception that
maglev is too expensive. However, U.S. technology based on hybrid permanent
magnets is three to five times less expensive and can be tailored to climb any
steep grade.

The Office of Naval Research is developing the Agile Port (a distributed port)
system for the ports of Los Angeles/Long Beach (LA/LB) to Victorville. The
objective is to develop an inland inter-modal port where dual use military and
civilian freight and passengers can be marshaled for rapid movement between
the ports. This would alleviate congestion at the ports of Los Angeles and Long
Beach and make available additional land for logistic movement at significantly
lower cost. Among the key reasons for selecting maglev technology is
community acceptance of this non-polluting technology, and its ability to climb



steep grades greater than 10 % with flexibility to negotiate steep passes without
the need for land taking or digging tunnels.

This proposed R&D program is designed to make Maglev technology more cost
effective, by introducing new and emerging technologies. A key program
requirement is that it is applicable to both civilian and military operations. Hence,
this Maglev technology is to be designed to be dual-use, and will be applicable to
passenger and freight transportation operations, as well as future military ships,
weapons and launching systems.

Why Maglev

Maglev offers the highest performance and safety capability of any surface
transportation system (particularly, at high speeds), and achieves this at the
lowest life-cycle cost. The following are common issues related to urban and
intra-city systems, passenger and freight systems, and dual use military and
civilian systems.

1. Maglev offers the highest performance capability of any surface
transportation system.

a. It has the highest payload to total weight of any surface
transportation system (35 — 60%). This means that any payload,
including seaborne containers, can be moved by lighter vehicles,
which in turn require a lighter, iess expensive guideway to support
the combined payload and vehicle weight.

b. Vehicle speed and payload is not limited to 500 km/hr, where as
steel wheel on steel rail system are limited by the frictional forces
that can be generated.

c. Maglev system offer greater system capacity because of friction
independence that allows shorter headways with great safety
thereby, allowing more passengers and tons of freight to be moved
over a single guideway.

2. Maglev is a technological solution to maintenance.

a. By its nature Maglev is a non-contacting levitation system.
Therefore, there is no wear out of mechanical components such as
guidance or levitation rails, because all forces are transmitted
magnetically.

b. Maglev systems typically use linear electric motors for propulsion,
which also transmit all propulsion forces magnetically. Hence,
there is no wear out of mechanical components. This also, results
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in lower maintenance cost. More importantly, it allows any grade to
be negotiated and any ioad to be moved. For example, a 67,000
ib. seaborne container could be moved at 500 km/hr, just as a
70,000 Ib aircraft could be accelerated to 160 knots, within a
distance of 330 ft and in 3.5 seconds.

Maglev systems use less propulsion energy because electrical
resistance (I°R) losses for power transmission are minimized. This
is accomplished by only turning on the linear electric motor under
the vehicle, which is needed for propulsion. Electrically propelled
Light and Heavy Rail Vehicles electrify the entire line, and
experience resistance losses over the entire line. In addition,
demand responsive operation requires that vehicles are only
propelled when passengers use the transportation service.
Otherwise, vehicles are in a standby mode, waiting to provide
service.

. Friction dependent systems, which includes all wheel on rail or road

have large variations in the coefficient of friction of a steel wheel on
a steel rail or a rubber tire on a steel or concrete road surface due
to environmental conditions such as rain, snow, or ice. Many
applications of brakes especially under over speed or emergency
conditions result in locked brakes, which slide the wheels and wear
flat spots on the wheels. In turn, these flat spots act as hammer
blows to the rails each time the wheel turns. This increases the
wear on rails, which in turn, causes further dynamic amplification on
the guideway — resulting in poorer ride quality, increased noise, and
more maintenance to regrind wheels, rails and re-align guideways
to correct the condition. Friction dependent systems result in
greater maintenance and cost and poorer performance in terms of
headway control and grade climbing capability because of the need
to account for the uncertainty of friction under all environmental
conditions. This results in larger headways due to the greater
uncertainty in stopping distance under all conditions and lowers
safe operating speeds. It also results in lower grade climbing
capability. Typically, trains operating on steel wheel on steel rail
cannot climb grades in excess of 3.5 %.

Maglev also provides safer stopping because of its independence
of friction. That is, stopping distance under all weather conditions is
the same — hence more reliable. Shorter stopping distances are
possible because of friction independence. Shorter stopping
distances also means that Maglev can achieve higher system
capacities with fewer vehicles, and operate at higher speeds with
greater safety.



f. The distribution of ioad over the magnet surface of a Maglev
vehicle results in significantly less dynamic input into the guideway
vis-a-vis a wheeled vehicle. This results in less re-alignment of the
and less maintenance cost. It also results in less of an effect
transmitted to the earth, which has been described as the “earth
quake effect” of heavy wheeled vehicles.

g. Because of this distributed loading on the vehicle, the vehicle is
lighter in weight. Vehicles which are lighter in weight than their
wheeled counterparts result in less material being required for the
vehicle and in the supporting guideway structure. In turn, this
results in less capital cost for the system. The guideway represents
somewhere between 40 — 60 % of the capital cost of an urban
system. This represents a very large savings in capital cost.

h. Maglev is an all weather system, which does not require heating of
rails or unthawing during icing conditions. This means less energy
is needed and hence less operating and maintenance cost. In
addition, Maglev creates less pollution.

i. Lack of contact in a Maglev system also results in less noise.

j. Magnetic drag is comparable to the rolling resistance of steel wheel
on steel rails, but is significantly less than the rolling resistance of
rubber tired wheels. Therefore, magnetic drag is very small and yet
the friction independent nature of Maglev offers significant
improvements in safety and in increased capacity of the system all
at the lowest operating and maintenance costs.

3. The “Holy Grail of Transit” is the ability to operate a system out of the fare
box.

a. Maglev in conjunction with full automatic control is one of two
known system which can be operated at the cost of the fare.
However, Maglev can achieve this end at lowest operating and
maintenance cost.

4. In summary, Maglev is a technological solution to achieving high
performance at the lowest operating and maintenance cost and with the
highest level of safety.
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Midwest Freight Corridor, Chicago, lllinois, Intermodal Freight Technology Working Group, Oakland,
California, Intelligent Transportation Association of North America, Phoenix, Arizona and The Health and
Personal Care Logistics Conference, Inc., Long Boat Key, Florida.



Bruce A. Dahnke — page 2 (Professional Background, continued)

President Laser Express, Inc. Chicago, IL 1985 — 2001
Launched and managed aaily operations of a nation-wide rall drayage carrier with 50 drivers.

» Founded company with $4,000 and sold over $6 million in revenue.

« Served as in-house carrier for GE Transportation, including a large account with GE Plastics.

« Provided logistics services to the Department of Defense, [srael.

« Created and maintained operations for transportation over a seven state area.

« Set up operations authority under D.O.T. rules and regulations.

« Set up offices in Cicero, IL, Portland OR. And Cincinnati OH.

« Successfully led the passage of the Roadability Act (Safe Container Act) in the state of lllinois.

« Was profiled in /Mlinois Truck News for accurate, predictable and on-time delivery.

Vice President, Operations Transportation Sales & Services, Inc. 1983 — 1986

Managed all aspects of maritime, rail, and trucking operations including finance, real estate, technology
Infrastructure, sales, regulatory affairs, public relations, asset management and human resources.

« Set up Epson account for South American distribution, providing financial analysis to facilitate change from
trucking to combination of truck and rail services, saving Epson significant money while creating multiple
efficiencies, including a just-in-time delivery system.

« Handled moving Epson from Bensenville, IL to Indianapolis, [N.

« Established North American logistics company to pick up and deliver anywhere in continental US, Mexico,
and Canada.

« Pioneered hazardous material handling by intermodal operations in the early 1980’s.

Regional Sales Representative CSX Rail Road / Chessie Motor Express 1980 — 1983

Developed new business accounts and serviced existing accounts for door-to-door delivery services for on-time
delivery in territory west of the Mississippi River, excluding California.

« Recognized as # 1 Sales Representative for production exceeding 200 trailers per week.

« Developed methodology for significant penetration into protective services of perishable goods.

Professional Affiliations

Advisor on Intermodal Freight Technology Working Group, U. S. Department of Transportation
Board Member, Intermodal Advisory Council of Chicago (CATS)
Intelligent Transportation Association of North America
Partners for Advanced Transit and Highways
Consultant: The Transportation Center, Northwestern University
Advisor, University of Wisconsin, U.1.C., I.1.T. & University of California at Berkeley
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Mark P. Stehly
Assistant Vice-President Environmental and Research & Development
BNSF Railway

Mr. Stehly has thirty-one years of railroad environmental engineering and related
experience. He manages the environmental and hazardous materials team for BNSF
Railway. He also is responsible for their technical research and development efforts.

He has Bachelors degrees in both Forestry and Civil Engineering and a Masters degree in
Water Resources. He is a Registered Professional Engineer in the State of Minnesota.
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