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ABSTRACT

This paper presents the results of a
research project in which tractor
manufacturers and carrier companies were
interviewed to gather information on
operational concerns in specifying a
tractor to haul legal weight spent fuel
casks. The system was assumed to operate
very close to the 80,000 pound legal weight
limit. Safety, performance, reliability,
and maintainability of equipment were
factors given particular attention. The
interaction between driver fatigue, safety,
and equipment was also discussed.
Innovative operating strategies that could
save weight were discussed. The paper
concluded that operational considerations
require that planners working with standard
off-the-shelf tractor equipment should
allow at least 17,350 pou-vJs for the weight
of the tractor as a starting point from
which further weight reduction analysis
can proceed.

INTRODUCTION

This paper presents the preliminary
results of an ongoing study which was
undertaken to explore the range of options
in specifying tractors to haul the most
current high-capacity legal weight truck
cask and trailer systems. Earlier and
ongoing work by other U.S. Department of
Energy (DOE) elements is included in this
study. This study is the latest in a
series of studies being conducted by DOE's
Transportation Project office.1'2 The
primary objectives were to incorporate
additional operating considerations in the
process of developing evaluation criteria
and specifications for tractors to be used
to transport legal weight cask shipments
in the Federal Waste Management System
(FWMS), and develop a better understanding
of the tools currently available for
testing and evaluating tractor designs.

The specifications for the Office of
Civilian Radioactive Waste Management
(OCRWM) transporter system are being
developed through a systems approach.
Working from previously established minimum
weight characteristics, this study examined
the transporter with emphasis on safety,
reliability, performance, and
maintainability. Other studies have been
conducted, and are ongoing, to compare cask
capacity and cask weight for both the legal
weight and the overweight truck systems.
Conclusions drawn from these investigations
will be integrated into the development of
one or more configurations for the cask
transporter system or systems.

The new generation of high-capacity
legal weight truck casks currently under
development by the Cask System Development
Program of DOE will require the transporter
system to operate very close to the Ie9.il
weight limit of 80,000 pounds. In order
to maximize payload, system designers are
working to minimize the weight allocated
to the tractor, trailer, and the cask
itself without compromising safety and
operability of the system. Further, the
basic design of the system must take into
account the degree of confidence to which
the final as-built equipment (loaded cask,
trailer, and tractor) will meet the gross
vehicle weight (GVW) and axle weight limits
for legal weight shipments. Also,
designers must take into consideration axle
weight variances and scale variances.

Safety must be given a high priority
in specifying over-the-road tractors, even
if certain trade-offs in terms of cost,
weight, and operability are incurred. The
relationship of some equipment to safety
is clear. Examples are braking systems,
splash suppressors, extra parking brakes,
and auxiliary lighting. The relationship
of other equipment to safety, however, is
sometimes_ more subtle and may not be



intuitively obvious. A recent Office of
Technology Assessment3 report on motor
carrier safety indicates that 60 percent
of truck accidents are caused by human
error. This same report cites
investigations into the role of human
factors in truck accidents. The report
concluded that failures in controlling the
vehicle, in estimating traffic situation,
and in perception are the principal causes
of accidents when human error is cited as
the primary factor. In addition, driver
attitude and the physical or mental state
of the driver emerge as key accident
characteristics when human error is given
as a secondary cause of an accident. The
report discusses issues that impact driver
performance and fatigue, including ride
quality, vibration, heat, noise, humidity,
hours of service, and duty cycle. It
concludes that a properly designed tractor
cab can reduce driver fatigue, improve
driver satisfaction and morale, and reduce
the number of accidents.

These facts illustrate the complex
interrelationship between safety, the
driver's environment, and the conditions
under which the driver must work.

Other factors being considered in
developing an operating system include
performance, reliability, and equipment
maintainability. These three factors can
be grouped under the single heading,
"operability.11 Operability, like safety,
is a qualitative measure. Generally,
operability is negatively impacted by the
use of equipment and/or operating practices
that are not generally employed by the
o\ir-the-road trucking industry.

In addition to presenting information
related to hardware, this paper presents
some preliminary ideas concerning the
possible adoption of alternative operating
strategies. By changing certain basic
assumptions about how the system will
operate, fundamental changes can be made
in the specifications of the equipment
used.

SCOPE

The scope of the study presented in
this paper is defined as seeking the
answers to six basic questions:

o What are reasonable tractor
specifications, including
weights, based on today's off-
the-shelf technology and
considering operations factors?

o How do these specifications
compare to previously established
minimum weight figures?

o What evaluation tools are
available for highway vehicles?

o What changes in tractors and/or
trailers are anticipated over
the next 10 to 15 years that may
result in increases or decreases
of highway vehicle weights?

o What are the solutions to
problems and/or issues that may
be encountered with the use of
vehicles not generally used to
transport the legal weight casks?

o For the legal weight tractor
eventually specified for this
duty, is there a need for a
tractor demonstration program?

Interviews were conducted with major
tractor manufacturers and carrier companies
for this project. The manufacturers
selected represent the five largest
manufacturers of Class 8 tractors in the
United States. Three carriers were
selected because each has extensive
experience in transporting heavy, weight-
concentrated loads, including spent nuclear
fuel and other radioactive materials.

SUMMARY OF FINDINGS

The eight firms contacted, all of
which are heavily involved in the business
of truck transportation, provided a wealth
of information, not all of it completely
consistent. The inconsistencies identified
represent areas that should be further
evaluated and verified, where appropriate,
through on-the-road operational testing.

Each manufacturer was requested to
recommend a legal weight tractor with
priorities placed on weight, safety, and
reliability. No relative weights,
rankings, or trade-off instructions were
given. It was stressed that the weight of
the trucks, "wet and road ready," was of
particular interest. "Wet and road ready"
is trucking industry terminology and means
the weight of the tractor as it actually
operates on the road, including fuel,
drivers and drivers' personal gear.
Information from cask system contractor
proposals was provided that gave
approximate weight distributions for a
proposed cask, trailer, and tractor system.
Each tractor manufacturer was given a
target figure of 16,000 to 16,500 pounds
wet and road ready, and each concluded
that it should aim for a dry weight of
14,000 to 14,500 pounds. "Dry weight" is
the weight of the tractor as it leaves the
factory. It includes no fuel, drivers,
drivers' gear, safety equipment, or other
accessories. Typical dry weights for over
the road carriers currently are about



15,500 to 16,000 pounds,with a wet and road
ready weight of 17,500 to 18,000 pounds.

Carriers were questioned regarding:

o factors influencing the purchase of
new tractors,

o factors influencing the ability to
attract and retain quality drivers,

o general specifications, including
weight, of tractors currently being
purchased,

o significant changes in tractors over
the past 10 years,

o significant changes in tractors
anticipated over the next 10 to 15
years,

o experience with tractors/trailers
selected to achieve minimum weight,
and

o carrier interest, experience, and
approach in conducting performance

of innovative design of
weight tractors and/or

testing
minimum
trailers.

The equipment described and
recommended in the following subsections
represents those options on which there was
consensus agreement. Where there was a
significant difference of opinion,
alternative configurations are discussed.
It was made clear to the manufacturers
selected for this study that the tractor
had to meet Federal Bridge Law and other
state and Federal requirements and would
generally be operated by a two-person team
of drivers.

Cab and Equipment

Based on the interviews conducted,
there is no significant weight difference
between the conventional and the cab-over-
engine configurations. The lightest
configuration varies from one manufacturer
to the next, with the latest model
introduced being the lightest.

The tractor should be ordered with a
set back front axle (SBFA) . The SBFA is
a feature that has recently become popular.
It moves the front axle back (more
accurately, it moves the tractor cab
forward on the frame), creating more front
overhang. One positive benefit is that
with the SBFA it is easier to load the
steering axle with 12,000 pounds. This is
a particularly important feature for a
system that has a total weight of close to
80,000 pounds because the system weight
has to be nearly perfectly distributed
among the axles, with 12,000 pounds on the
steering axle and 34,000 pounds on each of
the sets of tandem axles on the tractor
and the trailer. Another positive benefit
of the SBFA is that the tractor becomes

more maneuverable because the turning
radius is greatly reduced. Also, with the
axle further back, there is more room up
front for mounting long front springs,, which
improve the tractor's ride quality.

Air conditioning and power steering
contribute to the overall comfort of the
driver and passenger, reducing fatigue and
making for a safer driver.

Engine and Transmission

The legal weight tractor(s) for the
FWMS should have a minimum 350 horsepower
engine because it will always be carrying
more than 70,000 pounds. A representative
engine would be a big block engine by
Cummins.

The weights of the various
transmissions are surprisingly similar,
and there does not appear to be any
significant weight penalty in specifying
a transmission of a higher torque rating.

Axles, Brakes, and suspension

Standard axles of 12,000 pound
capacity for the front and 38,000 to 40,000
pound capacity for the rear should be
specified. An aluminum rear axle carrier
housing, which is an approximate 90-pound
weight saver, may also be used.

The vehicle should be equipped with
air ride suspension because of the
reduction in driver fatigue it provides.

The "S" cam brake should be specified
over wedge type or disc brakes due to high
maintenance requirements and less
infrastructure support for both disc brakes
and wedge brakes. Centrifuse brake drums
are recommended, as are automatic slack
adjusters. Centrifuse drums save about 100
pounds on the tractor, and automatic slack
adjusters add about 7 pounds per brake (4 0
pounds to the tractor).

The heavy operating weight of the
transporter requires the use of an engine
brake to supplement the standard braking
system. The engine brake, commonly called
a "Jake Brake," is a device that is fitted
to the head of the engine to alter valve
timing so that the tractor engine functions
like an air compressor, providing back
pressure to the drive wheels. Engine
brakes are commonly used throughout the
trucking industry and add only about 20
pounds to the weight of the engine.

Chassis

Chassis frames are constructed of
either steel, aluminum, or a combination



of .the two (usually steel rails with
aluminum crossmembers). A steel frame is
recommended because the weight savings
associated with aluminum are minimal and
are probably not a good tradeoff for the
loss of durability and rigidity of the
frame.

Tires and Wheels

Aluminum wheels are a suitable option
for the OCRWM truck. The savings per wheel
to be realized are fairly modest, but when
applied to all 18 wheels, they can become
substantial, reducing total weight system
(tractor and trailer) by almost 750 pounds.

Low profile radial tire should be
specified. Super single tires (a very wide
low profile tire that replaces a pair of
standard tires) is a possible option for
the tractor drive axles and the trailer
axles. Problems include lack of
infrastructure support for on-the-road
repairs, no "limp home" capability in case
of a flat, and resistance from certain
state governments to allowing their use.

Another operational issue related to
tires and wheels must be addressed during
the operating system planning and
development phases. During winter months
certain states require that trucks carry
chains to use certain stretches of road.
If chains are required for any of the
routes to be used by the OCRWM system,
allowance must be made for their weight
(approximately 350 pounds).

Other Equipment

A number of options are recommended,
most with minimal weight impact, that will
make the tractors more functional and
improve their overall operability:

transistorized flasher system,
spotlights and work light,
engine alarm or shutdown system,
ether start and block heater,
motorized passenger side mirror
adjuster,
aerodynamic treatment for cask,
splash suppressors,
towing hook, and
additional batteries.

Future Changes

The tractor manufacturers are working
to minimize the weight of their tractors
in ways that do not compromise safety,
operability, or driver comfort. Weight
savings can be expected to continue in the
future, but the magnitude of savings is

probably only hundreds of pounds rather
than thousands of pounds. Manufacturers
are looking at ways to substitute more
composite--:..iJ"ture materials for heavier
materials in their tractors. Some of the
potential applications that were mentioned
included springs, frame rails, drivelines,
and windows.

The trend that may have the largest
single impact on the weight of tractors is
the rapid move toward electronic controls
by the engine manufacturers. The Detroit
Series 60 and Caterpillar 3176 ATAAC are
examples of the first of a new generation
of engines expected to continue to be
developed throughout the industry. The
trend over the next 10 to 15 years will be
toward more power from smaller and lighter
engines through the increasing application
of electronics and other technologies.
The application of engine electronics also
has implications for dramatic improvements
in the operability of the tractors. Future
engines will routinely provide the
capability for computerized diagnosis of
engine problems (resulting in less
expensive repairs and reduced downtime) ,
electronic control of engine functions
(e.g. , cruise control, governed road speed,
governed engine speed), and maintaining a
complete history of engine performance
(e.g., idle time, maximum engine RPMs,
maximum road speed, and driver shifting
habits).

RECOMMENDATIONS FOR THE OCRWM PROGRAM

Based on the work done for this study,
the following actions are suggested for the
development of legal weight tractor
specifications for the OCRWM legal weight
truck cask systems:

system Interfaces

The development of the transporter
system presents several areas of critical
system interface between the cask/trailer
developers and the operating system
developer. Some of these interfaces must
occur early in the trailer design/tractor
specification program; others can be
settled later.

One issue that requires interaction
is the establishment of overall wheelbases
and weight distributions for the tractor
and the trailer. Generally, extending the
wheelbase of the tractor results in adding
less weight than extending the wheelbase
of the trailer.

A related critical area of interface
is in the accommodation of the proper
weight distribution, with an 80,000 pound
GVW, axles 4 and 5 (the trailer axles) must



carry 34,000 pounds. The remaining 46,000
pounds must be distributed to the tractor
between axles 2 and 3 (the tandem drive
axles) and axle 1 (the front axle) . The
drive axles must carry 34,000 pounds and
the front axle must carry 12,000 pounds.
This distribution will almost certainly
require a tractor with an SBFA. Weight is
distributed to the front axle by adjusting
the fifth wheel ahead of the drive axles.
This setting is called fifth wheel offset.
The amount of weight distributed to the
front axle then is a function of the fifth
wheel offset, the tractor's wheelbase, the
proportion of the tractor's weight that is
carried on the front axle, and the weight
on the kingpin. Fifth wheel offset also
affects the axle 2 to 5 measurement and is
a factor in determining trailer length.
Also, the trailer must be designed to be
capable of hooking to the tractor with the
required amount of fifth wheel offset and
still be able to clear the rear frame rails
of the tractor during tight maneuvers.

Another area of interface in the
establishment of tractor and trailer design
specifications is the kingpin and fifth
wheel heights. They must be compatible to
permit easy hooking and unhooking and to
provide a horizontal trailer bed when under
way.

Brakes and tires should be compatible.
Anti-lock braking systems require that the
system be applied to both the tractor and
trailer for maximum effectiveness. Super
single tires should only be used if used
on both the tractor and trailer.

Fig. 1 lists several areas of
interface requiring special attention
throughout the Cask System Development and
Operating System Development programs.

Figure 1. Cask/Trailer And Tractor Program Interfaces

Engineering Tolerances

The contacts made with knowledgeable
individuals involved in highway trans-
portation have reinforced concern regarding
the development of a transportation system
that pushes the axle weights and GVW to the
legal limits. Allowances should be made
for axle weight variances and scale
variances. The basic design of the system
must take into account the degree of
confidence that the final as-built
equipment (loaded cask, trailer, and
tractor) will meet the GVW and axle weight .
limits for legal weight shipments.

In some states, a transporter designed
to meet the minimum inside Bridge Formula
restriction (i.e., axle 2 to 5 equal to 3 6
feet) that exceeds loading on any axle
group cannot be operated—even as an
overweight vehicle. Having a spent fuel
shipment delayed en route because a state's
weigh scales are off by 1 or 2 percent (800
to 1,600 pounds on a fully loaded legal
weight transporter) could do immeasurable
damage to the shipping program's schedule,
budget, public image, and institutional
relationships. The accuracy and the
variance of state inspection scales and the
policy of weigh scale officers concerning
slight variations should be explored before
developing a system that will weigh close
to 80,000 pounds.

Weight Reduction Options

The tractor recommended by the
manufacturers would weigh approximately
14,500 pounds dry or approximately 16,000
to 16,500 pounds wet and road ready. Fig.
2 presents data summarizing the
manufacturer-specified base truck, and Fig.
3 presents the most important recommended
additions from carrier companies to meet
all the operational requirements and the
weight added by each of those additions.

Figure 2. Manufacturer Specified Base Tractor

Wheel Base

Filth Wheel - Fixed or Sliding

• Height

Braking System (ABS)

Suspension

Wheels and Tires

Clearances Related to Kingpin Location

Aesthetics

Communications and Tracking Equipment

Aerodynamics

Air and Electrical Connections

180-Wheel Base
Cummins 400
Fuller 12609 Transmission
Engine Exhaust Brake
46" Sleeper
Air Suspension
Aluminum Wheels
Power Steering
Air Conditioning
ABS
100 gal. Fuel Tank — Aluminum
Aluminum Bell Housing
Aluminum Rear Axle Carrier
Sliding Fifth Wheel With Saving Option
Air Seats — Driver and Passenger
15 1/2" Ceramic Clutch
Deluxe Interior

Weight -Approximately 14,500lbs. (Dry)



Fig. 3 indicates that planners should
assume that a tractor for the FWMS would
weigh at least 17,350 pounds wet and road
ready as a starting point for further
weight reduction analysis. This number
represents the weight of a tractor that
could be currently specified, using today's
technology, with a high degree of
confidence that the tractor will meet the
trucking industry's generally accepted
standards. options for reducing this
weight are discussed below.

Figure 3. Operational Considerations and Weights

Base Truck

Fuel (100 gals.)

Outfitting (Drivers, Gear. Tools, Etc.)

60" Sleeper

Extra Fuel Tank

206" Wheel Base

1 1/2 Percent Variance

Allowance lor Snow & Ice Build-Up

Total

14,500

700
1,000

300
100

200

250

17,050

300

17,350 lbs

Small block engine. Although no small
block engines that will provide 350
horsepower are currently available, recent
advances in electronic controls and
diagnostics make it likely that in the near
future small block engines may develop as
much as 400 horsepower. A small block
engine is approximately 500 to 600 pounds
lighter than a conventional big block
engine.

Midsize sleeper. The midsize sleeper
represents a compromise on driver comfort.
The most restful sleeper is a full size
walk-in model. Potential weight savings
through the use of smaller sleepers could
range from 100 to 600 pounds. However,
use of a full size sleeper is suggested,
since a recent report from the Office of
Technology Assessment on the safety of the
trucking industry focused heavily on the
role of driver fatigue in traffic
accidents.

Fixed fifth wheel. Most tractors are
equipped with an adjustable fifth wheel.
This option allows the driver to move tha
fifth wheel from exactly above to as much
as several feet ahead of the tandem axle's
centerpoint. In this way the driver can
properly distribute the weight of varying
loads between the front and rear axles of
the tractor. A fixed fifth wheel could be
considered for the FWMS tractor. The fixed

fifth wheel saves about 230 pounds over the
adjustable fifth wheel though it does
restrict the flexibility to accommodate
different trailers.

Short wheelbase. Generally, tractors are
ordered with a wheelbase in excess of 200
inches. In order to be assured of meeting
all bridge formula restrictions and
minimizing trailer length, the FWMS tractor
must be specified with a wheelbase in
excess of 200 inches (the exact length will
depend upon fifth wheel offset). About 150
to 200 pounds could be saved on the weight
of the tractor if the wheelbase were
shortened to about 180 inches. General
indications are that more weight can be
saved by designating a longer tractor with
a minimum length trailer. This is a
specification that needs to be established
early in the program.

One fuel tank. The recommended FWMS
tractor would be equipped with two aluminum
fuel tanks to provide maximum cruising
range and to keep the number of stops
required to a minimum. Both tanks would
be filled only when the transporter was
running empty and the extra weight could
be accommodated. By equipping the tractor
with only one fuel tank, about 95 pounds
could be saved. This weight savings would
result in more fuel stops, increasing the
required time for each trip. Stops for
refueling tractors usually require
considerably more time than refueling stops
for an automobile. Another disadvantage
to frequent stops is the interruption of
the second driver's rest, which could
result in degraded driver performance.

Procedures and Operations options

By changing the way the system
operates, some weight savings may be
possible.

Allowance for Winter Weather

The weights established for the
recommended FWMS tractor provide an
allowance for the weight of snow and ice
build-up. It is not uncommon for a
transporter running during the winter to
carry 300 pounds or more of snow and ice.
Also, in certain areas of certain states
tractor-trailers are required to carry snow
chains during the winter months or during
severe weather. Snow chains add an
additional 3 50 pounds to the transporter
weight.

By adopting specific winter weather
policies, such as not running when snow is
expected or shutting down during snow and
ice storms, the FWMS transporter may be



able to function without these
considerations. However, the realities of
operating a tractor-trailer out on the open
highway and subject to the vagaries of
winter weather will likely make these
options unacceptable. Often a driver must
go many miles to find a safe shelter from
a winter storm. The weight savings may not
be worth the additional risk of having to
drive treacherous miles without chains or
stopping at an unsafe location. Also, the
policy of shutting down during moderate
snow may raise the ire of officials of the
state in which the driver is compelled to
park the FWMS transporter.

Innovative Strategies

The operating assumptions currently
being made are that transporters will be
manned by a two-person crew who will drive
a fairly standard legal weight truck from
the reactor site to the Monitored
Retrievable Storage facility or Federal
repository and return. Certain other
scenarios can be envisioned that could
result in significant weight savings to
the transporter.

Some operational scenarios could
eliminate the need for sleeper compartments
on all or some of the FWMS tractors,
resulting in reduction of weight.
Elimination of the sleeper compartment
could save approximately 800 pounds from
the reference 17,350 pound tractor.
Additional weight savings could be
possible, but their magnitude would depend
upon the specific operational strategy
adopted. DOE Order 1540.4, "Physical
Protection of Unclassified Irradiated
Reactor Fuel In Transit,"4 requires that
the transport vehicle, while in motion, be
occupied by at least two drivers. This
limits the potential weight savings
somewhat. Also, these scenarios introduce
other significant issues which will have
to be evaluated.

An operations support vehicle could
be assigned to accompany one or more cask
shipments. Sleeping quarters for relief
drivers for the tractor and the support
vehicle could be provided in the support
vehicle. Nominal safety equipment (e.g.,
chains, flares, and reflectors), spare
parts, and tools might also be on board
the support vehicle. Also, the vehicle
could potentially serve as a safeguards
and communications vehicle. It is possible
this escort arrangement might enhance the
perceived safety of such shipments by the
public and state regulators, but would
undoubtedly require significantly more
drivers/escorts per shipment.

Drivers could be staged along a
prescribed route in a manner designed to
permit change of drivers at designated
locations. Most of the factors that must
be considered for an operations support
vehicle would need to be evaluated for this
option plus effects on system reliability
and the ability to maintain the precise
schedules necessary to avoid driver fatigue
problems and possible violation of U.S.
Department of Transportation hours of
service rules. There are potential ,,
problems for the originating drivers as
well as the drivers staged along the route. :
The logistics consideration should evaluate
the duration of shipping campaigns and the
geographic locations of shipping sites that
could result in the more or less continuous
revision of staging locations.

Safe havens could be established along
a prescribed route in a manner designed to
permit stopping the vehicles for driver
rest breaks. The safe havens would have
to be located where out-of-cab sleeping
quarters and provisions for acceptable
physical security of the parked shipments
are available.

Various innovative hardware strategies
can also be considered. The use of super
single tires to replace tandem tires on the
trailer and the tractor are a possible
option. Super singles are not currently
serviced at most locations and are not
totally accepted by all state agencies.
However, they are more widely used in
Europe, and their safety is being
researched here in the United States. The
lack of an existing infrastructure to
service these tires could be the deciding
negative factor, but super singles do
represent an option, and their use ~hould
be evaluated.

CONCLUSIONS

The current plans for the OCRWM legal
weight truck casks allow for a tractor that
weighs approximately 16,000 pounds, wet and
road ready, and a trailer of approximately
9,000 pounds. Meeting the 16,000-pound
allocation for the tractor unit may be
possible but may require the incorporation
of certain technological advances and/or
unique operating strategies.
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