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The goal of the study is to evaluate truck size and weight policies that ensure safe and efficient
intermodal freight movement on North American highways. The study is designed to provide a
policy architecture a decision support tool that is policy neutral and is not prescriptive of the
Aright answer. Rather it will provide a fact-based framework within which to consider policy
alternatives to the current Federal truck size and weight policies. There are a number of ongoing
studies for which U.S. DOT has taken the same approach.
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In terms of process, the diagram above shows how everything fits together. Over the last year or
S0, a number of background papers detailing the critical issues and the state of the art were
written. Those papers are available on the Truck Size and Weight Web page
(http://www.fhwa.dot.gov/reports/tswstudy/tswfinal.htm) and in hard copy. The team developed
critical data bases for assessments of the various impact areas and spent a great deal of time
constructing and refining the impact assessment models. Utilizing the scenario Abuilding blocks(
identified in the April 25, 1996 Federal Register notice, the team and DOT study participants
constructed illustrative scenarios to demonstrate the analytical tools and provide an
approximation of the likely impacts of alternative truck size and weight policies. These activities
are being turned into a four-volume study report. Volume |1 (Issues and Background) came out in
June, and Volume Il (Scenario Analysis) is presently in agency review and is scheduled to be
released for external review in late Fall 1998. Volume I, the Executive Summary, will
consolidate the information contained in VVolumes Il and Ill. Volume IV (Guide to
Documentation) will help the reader with the data sources for this study.
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The analytical component forms the foundation of the study. Core illustrative scenarios were
identified for analysis and provisions were made to analyze scenarios of particular interest to
congressional members and other policy makers.

The public participation in the process was invited through Federal Register notices, public

meetings across the country, regional focus sessions, State teleconference sessions, and review of

draft documents. Many stakeholder comments were received and incorporated in the study.
DEPARTMENTAL COORDINATION/OVERSIGHT

Overview



-Policy

-Staff- Appointees-
Multimodal Policy
Advisory Oversight

Group Group

Policy oversight and direction was provided by a Departmental Policy Oversight Group (POG).
The POG is comprised of executives from throughout the Department including representatives
from the Office of the Secretary of Transportation, FHWA, the Federal Railroad Administration,
the National Highway Traffic Safety Administration and the Maritime Administration. The POG
is chaired by the Assistant Secretary for Transportation Policy.

In addition to the POG oversight, a Multimodal Advisory Group (MAG) was established to
ensure that major technical decisions shaping the study would be made on an intermodal basis.
The MAG provided ongoing guidance and early review of draft documents associated with the
study.

Core illustrative scenarios were selected to provide a broad range of impacts. The team wanted to
get a sense how the analytic tools they had developed worked and to target some general policy
issues. Two particular scenarios, one introduced by Rep. Oberstar in Congress and a triple
scenario that arose out of some of the outreach meetings, were of particular interest. The team
began with the development of the base case, against which all the other scenarios are compared.
It represents the status quo, current law. This scenario assumes a continuation of the longer
combination vehicles (LCV) freeze and the grandfather rights that are in place today.

There are three core illustrative scenarios:

$ Uniformity. There is a complex array of truck size and weight regulations in place across
the country. Every State has its own unique set of truck size and weight regulations.
Grandfather provisions allow some States to override Federal standards on the Interstate
system. States may establish their own standards for highway systems off the Interstate
and the National Highway System network. It has been argued that this lack of uniformity
creates a barrier for interstate commerce and grandfather provisions raise equity issues.
Carriers argue that productivity enhancements available in some States are not available
to carriers in other States. These differences reflect variations in State economies,
industrial activities, and freight flow characteristics.

$ Longer combination vehicles nationwide. LCVs include Rocky Mountain doubles,
turnpike doubles, and triple trailer combinations. This scenario would lift the LCV freeze
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that was put into place with ISTEA in 1991. Currently, LCVs account for about 1 percent
of the commercial truck equipment in the fleet and 1 percent truck travel in the United
States.

$ North American trade. Provisions of the North American Free Trade Agreement
(NAFTA) were the primary focus of this scenario. In December 1992, Canada, Mexico,
and the United States signed NAFTA. It established one of the largest trading
communities in the world. One of NAFTA:s primary objectives was to improve the
efficiency of transportation between these three countries. Differences in the truck size
and weight regulations in the three countries is a major issue. The Land Transportation
Standards Subcommittee, working under the NAFTA umbrella, is exploring ways to
harmonize the standards across the three countries. Under this scenario, U.S. DOT will
test the impact of allowing heavier vehicles presently in service in Canada and Mexico to
operate in the United States. Currently the 6-axle tractor semitrailer constitutes only 3
percent of the truck traffic in the United States, but it constitutes 37 percent of the traffic
in Mexico and almost 20 percent of the traffic in Canada. This would require legislation
of a tridem axle weight limit and lifting the 80,000 pound gross weight limit. U.S. DOT
tested weight limits of 44,000 pounds and 51,000 pounds. Introducing a tridem axle
weight limit would offer other benefits beyond standardized limits among the NAFTA
countries. At 51,000 pounds, the U.S. weight limit would be more conducive to
international container traffic. Currently, containers loaded to weight limits established by
the International Standards Organization (ISO) are simply too heavy for U.S. trucks.
Introducing a 51,000-pound tridem axle weight would alleviate most of this problem. A
44,000-pound tridem axle weight would benefit short wheelbase vehicles, such as dump
trucks and construction vehicles. This would allow them to carry more weight on shorter
wheelbases without overstressing bridges.

There are two policy scenariosCH.R. 551, AThe Safe Highways and Infrastructure Preservation
Actf introduced by Rep. Oberstar and Triple Trailers Nationwide. H.R. 551 is essentially a status
quo proposal, which would phase out, over time, trailers longer than 53 feet, freeze the States:
grandfather authority in place today, and extend Federal weight limits to the National Highway
System. Triple Trailers Nationwide is a subset of the ALCV Nationwidef scenario focusing on
issues of triple trailer combinations.

There are three building blocks upon which the specific scenarios were developed: the
configurations chosen for analysis, highway networks upon which these configurations would
operate, and regions. The model can analyze each scenario by region. The scenarios were run on
a nationwide basis for Volume III.
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Single Unit Trucks

- SuU3

Tractor-Semitrailer Combinations

&ﬁ@@w@@@@

Among the configurations, the team focused on the SU4 four-axle, single unit trucks. The idea
was that many fleet owners operating the SU3 three-axle, single unit trucks would find the SU4s
operating at a heavier weight to be more attractive. More than 68 percent of the truck fleet is
comprised of single unit trucks, which drive 42 percent of the vehicle miles traveled by trucks in
the United States. On the other hand, tractor-semitrailer combinations account for 53 percent of
all truck miles traveled and 26 percent of the equipment.

Double-Trailer Combinations

‘STAA" ‘ 2-51-2 ‘

Triple-Trailer Combination
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The team looked at the National Network for larger trucks (NN) and the analytical networks that
were created for this study. These analytical networks were put together for the purpose of the
study. The National Network for large trucks was created in the STAA legislation of 1982.
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National Network for Large Trucks Map

Two networks were developed for the study to evaluate the impact of expanding LCV operations.
These networks are not proposed or endorsed by the Department as LCV networks. They are for
analytical purposes only. The network developed to test the operation of long double trailer
combinations [Rocky Mountain Doubles (RMDs) and turnpike doubles (TPDs)] consists of
approximately 40,000 miles and provides for continuous east to west travel. This network
consists of access-controlled, interconnecting segments of the Interstate system and other
highways of comparable design and traffic capacity. The routes connect major markets and
distribution centers.

The network designed to evaluate the impact of allowing triple-trailer combination vehicles to
operate Nationwide includes approximately 60,000 miles of mostly rural Interstate facilities.
Some urban Interstate highway segments are included for connectivity. The network designed
for the operation of triple-trailer combinations is larger than the network used to analyze long
double combination operations because triple-trailer combination vehicles have more articulation
points than RMDs and TPDs, and therefore fewer problems with off tracking.

Both networks are more extensive than would be politically or practically feasible, especially in

more densely developed parts of the country and thus tend to over estimate the impact of truck
size and weight policies addressing LCVs.
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40,000-Mile Network Map

60,000-Mile Network Map

The following charts summarize the scenario specifics. The uniformity scenario assumes that
Federal gross vehicle weight limits would be extended to the National Highway System,
grandfather provisions would be eliminated, these vehicles would operate on the National
Network as they do today, and there would be no changes to access provisions.
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Scenario SpecificationsCUniformity

MAIN FEATURE:
@ Extends Federal GVW Limits on

States Beyond the Interstate to
Three-Axle Single Unit (54,000 pounds) National Highway System
(Eliminates Grandfather

i a Provisions)

. P AVAILABLE HIGHWAYS:
Five-Axle Semitrailer (80,000 pounds)

National Network (STAA 1982)
®© ® O K#é ACCESS PROVISIONS:

Five-Axle STAA Double (80,000 pounds)

Current Federal and State
Provisions

The LCVs nationwide scenario assumes that the freeze would be lifted to allow national
operation of LCVs. Rocky Mountain doubles and turnpike doubles would operate on the 40,000-
mile analytic network, triple trailer combinations would operate on the 60,000-mile analytical
network, and 8-axle doubles would operate on the National Network.

Scenario SpecificationsCLonger Combination Vehicles Nationwide

MAIN FEATURE:

| Broad National Operation of LCVs
fo 0 i
Seven-Axle Rocky Mountain Double AVAILABLE HIGHWAYS:

(120,000 pounds)

RMDs and TPDs--40,000-Mile Analytical
Network

Nine-Axle Turnpike Double Triples--60,000-Mile Analytical Network

(148,000 pounds) Eight-Axle Doubles--National Network

ACCESS PROVISIONS:
Eight-Axle (twin 3:“,01 trallers) RMDs and TPDs--None off 40,000-mile System

Double (124,000 pounds)

Triples-- State Issued Permits

| | | Eight-Axle Doubles-- Current Federal and

feo” O o State Provisions
Seven-Axle Triple Trailer (132,000 pounds)

The North American Trade Scenario tests the 44,000-pound and 51,000-pound tridem axle
weight limits. These trucks would operate on the National Network for Larger Trucks, and
current Federal and State provisions would remain in affect.
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Scenario SpecificationsCNorth American Trade

© -
Four-Axle Single Uni
(62,000 pounds to 64,000 pounds)

Six-Axle Semitrailer (80,000 pounds to
90,000 pounds or 97,000 pounds)

\qw—qaﬁ—@-%
Eight-Axle Double (80,000 pounds to

124,000 pounds or 131,000 pounds)
(twin 33-foot trailers)

MAIN FEATURE:

Introduces Tridem-Axle Weight
Limits (44,000 pounds and
51,000 pounds)

AVAILABLE HIGHWAYS:

Current National Network for
Larger Trucks

CESS PROVISIONS:

Current Federal and State
Provisions

The H.R. 551 scenario is not expected to show dramatic changes. This legislation is comparable
to the baseline, which is the status quo. It is an important scenario because it addresses concerns
about the States ratcheting size and weight limits upward.

Scenario SpecificationsCH.R. 551

—

Two to Four-Axle Single Unit
(54,000 pounds to 70,000 pounds)

o

Five to Six-Axle Semitrailer
(80,000 pounds to 100,000 pounds)

Lo

Five to Six-Axle STAA Double
(80,000 pounds)

MAIN FEATURE:

Precludes Upward Ratcheting of
State Size and Weight Limits

AVAILABLE HIGHWAYS:
National Highway System
ACCESS PROVISIONS:

Current Federal and State
Provisions

The Triples Nationwide scenario is a subset of the LCVs Nationwide scenario. The scenario
assumes triple trailers would operate on the 60,000-mile network under new weight limits.
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Scenario SpecificationCTriples Only

MAIN FEATURE:

Broad National Operation of

Triple Trailer Combinations and
L@ m New Weight Limits for Triples
@ O )

Seven-Axle Triple Trailer (132,000 pounds) AVAILABLE HIGHWAY:

6,000-Mile Analytical Network

ACCESS PROVISIONS:

State Issued Permit

Diversion and Impact Analysis

Diversion Analysis
Rail-to-Truck
Truck-to-Truck

11 11

Impacts Assessment Impacts Assessment
Traffic Rail .
Flow Industry Bridges
Shipper
Costs Pavement Safety
Energy & Environment (F;Zzgnvc\e’?é

The impact assessments in the left-hand chart are dependent upon the VMT information coming
from the diversion analysis. On the right-hand chart, estimates of those impacts are not
dependent upon the diversion analysis. In practice, improvement decisions at the project level
will be influenced by traffic volumes but such considerations were not possible for a nationwide
study. Likewise, crash rates on particular facilities would be affected by changes in the volumes
and mix of truck traffic, but they would also be affected by many other factors that could not be
quantified for this study.
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Global assumptions that underlie the data that will be presented in VVolume 111 include:

hHHHHPR +

No new technology (C-train combinations, electronic braking systems, and so forth) that
might mitigate safety concerns will be introduced;

No new driver, vehicle, or weather restrictions will be introduced,;

No changes in highway user fees;

No change in highway construction practices;

No change in single/tandem weight limits (20,000 pounds and 34,000 pounds);

No change in trailer height (13 feet, 6 inches); and

No change in trailer widths (102 inches).

The progress of the program:

HHHEHHPR

Draft Volume Il was distributed in June 1997;

The Transportation Research Board initiated a peer review in January 1998;
The Impact Model Review Conference was held in July 1998.

The draft of Volume 111 will be distributed for review in the Fall of 1998;

A State videoconference will be held in the Summer of 1998; and

The final report will be delivered to Congress at the completion of the process.

QUESTION and ANSWERS

Did you say that the assessment of impacts on structures was not dependent on the
diversion model?

$

The assessment of bridge impacts was not dependent on the diversion model. For bridge
impacts, VMT is not important. The kind of vehicles operating is more important when
considering bridges. Pavement is very dependent on the VMT coming out of the
diversion model.

On the global assumption that there will be no changes in highway construction practices:
The last time FHWA changed the weight limit from 70,000 pounds to 80,000 pounds, it
took us 10 years take care of our highway system. Any comments on that?

$

It=s fair to say that we did not come out with a study that states: AThou shalt permit trucks
of a particular weight on the system.f We will provide information to the decision
makers, so if they determine they want to do something with size and weight, they will
have information on what the impacts are, including the impacts on the road
infrastructure, the modifications, and the potential costs associated with that change. Part
of the decision making process will include this factual-based document that says, Aif you
go with heavier vehicles or different configurations, this is the impact on the
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infrastructure, this is what it is going to mean in dollars and cents to the States if you
make those modifications.@

Under the global assumptions, there are no changes assumed for single/tandem axle weight

limits (20,000 pounds and 34,000 pounds). What about tridem axle weight limits?

$ One of the scenarios we are evaluating is the legislation of tridem axle weight limits. We
are focusing on that as one of the core illustrative scenarios, but we are not looking at a
change in the single and double axle weight limits.

$ There is no specific tridem axle weight limit in current law.
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VEHICLE MILES TRAVELED

Karen White

The truck vehicle miles traveled (VMT) analysis is critical to the impact analyses. Truck VMT
data is used in the assessment of pavement, energy and environment, traffic operations, rail and
truck shipping costs. VMT is stratified by 17 different truck configurations, 50 States, and 12
highway functional classes.

The team:s goal was to develop a unified approach to analyze both truck and rail data that
incorporated all types of operations, such as less-than-truckload, truckload, long haul movement
and short haul movement; to provide input for other VMT-dependent impact analysis; to provide
input for the rail viability analysis; and to create a reproducible analytical technique based on clear
assumptions.

The team used VMT data from the Highway Cost Allocation Study (HCAS), the 1994 carload
waybill sample for rail shipments, the 1993-94 over-the-road sample of truck shipments (North
American Transportation Survey from AAR), and the 1992 Truck Inventory and Use Survey.
Time constraints precluded the extensive use of the Commodity Flow Survey in the study.

Freight and Vehicle Miles Traveled Impact



The team held a workshop during the summer of 1995 to review existing models for determining
whether freight is shipped by rail or truck. The group recommended using a model that would
assign freight on a shipment by shipment basis. For each shipment, the model determines whether
it would cost less to ship it by rail, truck or rail intermodal.

The Comprehensive Truck Size and Weight Study utilizes the Intermodal Transportation and
Inventory Cost (ITIC) model. Over the last year, three workshops were held to develop the ITIC
model inputs and assumptions, its construct, preliminary outputs, and extensive sensitivity testing.
While the model met most study expectations, it still needs further developmental work.

The ITIC model=s strengths include: (1) evaluation of transportation and inventory costs; (2) truck
and rail shipments are analyzed in equivalent ways; (3) results can be replicated; and (4) it=s
structurally flexible. A weakness of the model include the model is it takes an Aall-or-nothing(
approachCif a new truck configuration is introduced that allows cheaper shipping rates, the model
assumes the shipper will divert all of that particular freight from rail to that new truck type, which
may not be the case. The shipper may move only a portion of that freight from rail to truck. The
model cannot estimate diversion changes from truck to rail nor short haul diversions. The latter
two instances are extremely Adata hungry.@ Several metropolitan planning organizations and States
have gathered data on short haul diversion, but usually the data focuses on particular truck type or
commodity.

The resulting data and modeling limitations precluded a single analytical approach. The charts that
follow show how the team analyzed and integrated the VMT components to develop the aggregate
scenario VMT.

ANALYSIS OF SCENARIO VMT

Base Case VMT BASE CASE
and Carmiles TRAFFIC
| | DIVERSION
Truck-to-Truck Truck-to-Rail Rail-to-Truck TYPES
Diversion Diversion Diversion
I No Analysis I
I ' ] LENGTH
OF HAUL
Short Haul Long Haul Short Haul Long Haul
No Analysis
= = '
ANALYTICAL
| | CONFIGURATIONS
Straight Other 5-axle Tractor 5-axle Tractor Other Carload Rail/Truck
Truck Combinations* Semitrailer Semitrailer Combinations* Intermodal

*Qther combinations include: 6-axle tractor semitrailer, 7-axle Rocky Mountain doubles, 8-axle B-train doubles, 9-
axle turnpike doubles and 7-axle triple trailer combinations.
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The chart above provides a broad overview of how the VMT is broken down. Base case truck
traffic was provided by the HCAS.

ANALYSIS OF SCENARIO VMTCDIVERSION

Base Case VMT BASE CASE
and Carmiles TRAFFIC
| | DIVERSION
Truck-to-Truck Truck-to-Rail Rail-to-Truck TYPES
Diversion Diversion Diversion

Truck-to-air and truck-to-barge diversions were not studied for the purpose of this analysis
because they were considered to be relatively marginal changes. Diversion is the change of freight
from its current truck configuration or mode (truck-to-truck or rail-to-truck). Changes in truck size
and weight can be analyzed within the diversion model. There are three types of diversion, see the
chart above:

$ Truck-to-rail. Given a decrease in truck size and weight, freight could shift from truck to
rail. This scenario has not been analyzed, but a model to analyze this scenario is being
developed.

$ Rail-to-truck. Given an increase in truck size and weight, freight could shift from rail to
truck.

$ Truck-to-truck. Given any change in truck size and weight, freight could shift between

truck configurations. This will account for the largest changes in truck VMT.

A decision was made to set short haul limits at 200 miles. Short haul was differentiated from long
haul in the study because they have different operational characteristics, truck types, and available
data. Unlike long haul operations, short haul fleets don-t tend to work out of large warehouses
drawing on a large inventory stock. Short haul operations tend toward single unit, delivery-style
trucks, and they would be less effected by changes in truck size and weight regulations than larger,
long haul combination vehicles would.
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LENGTH OF HAULCTRUCK

Base Case VMT
and Carmiles

Truck-to-Truck
Diversion

Truck-to-Rail
Diversion
No Analysis

Short Haul

Long Haul

Rail-to-Truck
Diversion

O 1

Short Haul

Long Haul

BASE CASE
TRAFFIC

DIVERSION
TYPES

LENGTH
OF HAUL

In the truck-to-truck diversion, short haul and long haul have been split. The short haul analysis is
broken out into three composite truck types: straight trucks, five-axle tractor-semitrailer, and
combinations with 6- or more axles.

The short haul model can analyze what tridem axle weight limit changes would mean for three-
axle straight trucks and four-axle straight trucks. For five-axle tractor semitrailer and other
combinations, the short haul model utilizes ITIC analysis for long haul trucks, Highway Cost
Allocation Study VMT estimates, and the 1992 Truck Inventory and Use Survey.

MODEL STRUCTURE
Base Case VMT BASE CASE
and Carmiles TRAFFIC
[ 1 DIVERSION
Truck-to-Truck Truck-to-Rail Rail-to-Truck TYPES
Diversion Diversion Diversion
No Analysis T
| — I I LENGTH
Short Haul OF HAUL
Short Haul Long Haul No Analysis Long Haul
ANALYTICAL
I T 1 T 1 — CONFIGURATIONS
Straight Other 5-axle Tractor 5-axle Tractor Other Carload Rail/Truck
Truck Combinations* Semitrailer Semitrailer Combinations* Intermodal

*QOther combinations include: 6-axle tractor semitrailer, 7-axle Rocky Mountain doubles, 8-axle B-train doubles, 9-
axle turnpike doubles and 7-axle triple trailer combinations.

Depending on the scenario, the ITIC model will analyze diversions from the base case 3S2 five-
axle tractor semitrailer to other truck configurations, including those shown in the above diagram.
The team analyzed the 6-axle tractor semitrailer, the Rocky Mountain double with a 53-foot trailer
and a 28-foot pup, the turnpike double with twin 53-foot trailers (the far end of the spectrum), the
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triple with three 28-foot trailers, and other combinations. The model Aloads@ each trailer to the
maximum weight and cube (dimension).

Five-AXLE TRACTOR SEMITRAILER: L ONG HAUL

2-81-2-2 TRIPLE ‘
7 = = @J

The 5-axle tractor semitrailer analysis utilizes the ITIC model analyzing the sample of 40,000
truck shipments of different commaodities within the North American Truck Survey using specific
roadway networks (for example, the National Network or Long Doubles Network, etc.), and data
from the Commaodity Flow Survey.

Long haul operations are also comprised of other configurations. Primarily, that is the diversion
from the current STAA double (twin 28-foot trailers) and other configurationsCthe Rocky
Mountain double, the turnpike double, and the triple trailer. The analysis for these other
combinations was somewhat limited because the team was unable to use the ITIC model because
no shipment-by-shipment data set exists. The team:s analysis of diversion of freight from current
doubles and triples utilized case studies for specific commodities, industry experts, the 1992
Truck Inventory and Use Survey, and the Highway Cost Allocation Study weight distributions.

Rail-to-truck diversion short haul was not analyzed because short haul rail movements (less than
200 miles) would rarely divert to trucks, they are short distance rail car repositioning, rail cars
used as storage, or the shipper moving cars around while he fills a load.

Rail/truck intermodal operations were designed to provide the most competition to long haul truck
operations. To take freight traffic from trucks, the railroads came up with equipment that easily
accommodates the equipment utilized by trucksCflatcars that carried containers, double stack
containers, and trailers on flatcars.

Freight and Vehicle Miles Traveled Impact
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For a typical TOFC/COFC (trailer-on-flatcar/container-on-flatcar) operation, the trailer is pulled
by a tractor to the intermodal loading area, where it is loaded onto a flatcar and hauled to the
nearest intermodal freight yard to its destination. There it is unloaded, hitched to a tractor and
hauled to the receiver (see diagram above).

For the rail/truck intermodal analysis, the team used the 1994 Wayhbill, which was increased by
5.5 percent a year as estimated by DRI/McGraw Hill; the ITIC model; Commodity Flow Survey
on the freight values for rail shipments; and the 1994 Wayhbill revenue, which was reviewed by the
Surface Transportation Board. The team did not use the generalized variable costs estimated by
the Surface Transportation Board, but had more specific variable costs estimated. Variable cost is
important because the model allows railroads to discount down to their variable costs to retain
current traffic. Freight only diverts from rail to trucks when the cost to ship by truck is less than
the railroad:=s variable costs.

Carload traffic refers to all rail traffic that is not intermodal; it includes boxcars, tank cars, grain
hoppers, and so forth. Carload shipments that were not analyzed included coal moves of more
than 500 miles (they are not truck competitive), transportation equipment (no changes in truck
autotransporters is hypothesized in the current scenarios), and shipments whose origin or
destination is outside the United States (the roadway network was not extended beyond U.S.
boundaries).
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The rail carload analysis utilized the 1994 Waybill expanded by 2.2 percent per year as estimated
by DRI/McGraw Hill; 1994 Waybill revenue, which was reviewed by the Surface Transportation
Board; variable costs estimated by the Surface Transportation Board; the ITIC model; and
Commodity Flow Survey data on freight values for rail shipments.

INTERMODAL TRANSPORTATION AND INVENTORY COST MODEL

Intermodal Transportation and
Inventory Cost (ITIC) Model

[ Transportation Cost ] [ Inventory Cost ]

The ITIC model looks at each shipment, calculates its transportation costs and inventory costs,
adds them up across modes and truck configurations, and then hypothesizes that the shipper will
use the most economical mode and vehicle configuration. ITIC model features the ability to test:
(1) several truck configurations at one time; (2) the integration of a precise roadway network for
each truck type; (3) the incorporation of a base case model run (at current truck size and weight
regulations); (4) a state-of-the-art inventory cost model; (5) truck repositioning miles (the miles a
truck must travel to obtain its next shipmentCa major cost for longer, bigger configurations); and
(6) a flexible structure (data and parameters can be easily entered).

ITIC MODEL INVENTORY COST

Intermodal Transportation and
Inventory Cost (ITIC) Model

Transportation Cost Inventory Cost
1 1
Inventory Ordering
Holding Cost Cost
1 1
Safety Cycle In-transit

Stock Cost Stock Cost Stock Cost

ITIC inventory considerations include the stock for manufacturing processes and meeting
customer demands. Inventory costs are comprised of inventory holding costs and ordering costs
(a flat rate of about $8 per shipment for placing an order with a railroad or trucking company,
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doing the paperwork, and so forth). Holding costs include safety stock costs (protects shippers
against shipping delays), cycle stock costs (the average balance of stock on hand between
shipments which is assumed to be half of the shipment size), and in-transit stock costs (capital
cost of goods while they are in transit).

ITIC MODEL TRANSPORTATION COST

Intermodal Transportation and
Inventory Cost (ITIC) Model

Transportation Cost Inventory Cost

—_—

Door-to-Door Claims
Cost Cost

—

Truck Rail

I_I_I

Carload Rail/Truck
Intermodal

The two components of transportation costs are claims costs (insurance against loss and damage
while the goods are in transit) and door-to-door costs.

Door-to-door costs include:

TruckCcost per mile times miles traveled;

Rail carloadCuses the revenue and variable cost figures from the Private Waybill; and

Rail/truckCover-the-road drayage costs similar to truck costs. Over-the-rail costs use the revenue
figures from the Private Waybill and variable costs estimated by Reebie Associates.

Future expansions of the model include: (1) creation of a larger truck shipment database; (2)

more user-friendly graphics interface; (3) inventory cost validation; and (4) integration of the
short-haul truck model.
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ESTIMATION of RAIL INTERMODAL
SHIPMENT COSTS

Joe Bryan

This presentation outlines the analytical approach taken to determine intermodal costs in the
model, using records within the 1994 Surface Transportation Board Waybill.

MARKET SEGMENTATION: MODEL COMPETITIVENESS
MODAL SHARE OF CELL

Lane Density (Annual Tons (000) by Intermodal and Dry Van)

Highway

<100

100-400

>400

Total

Miles

Truck

IMX

Truck

IMX

Truck

IMX

Truck

IMX

1-99

99%

1%

100%

0%

100%

0%

100%

0%

100-299

100%

0%

99%

1%

97%

3%

98%

2%

300-499

98%

2%

94%

6%

7%

23%

89%

11%

500-699

96%

4%

86%

14%

87%

13%

700-999

94%

6%

78%

22%

1000-1499

91%

9%

1500+

80%

20%

14% 86%

82%

18%

45%

55%

Total

95%

5%

90%

10%

86%

14%

89%

11%

500+

92%

8%

76%

24%

41%

59%

74%

26%

1-499

99%

1%

98%

2%

96%

4%

97%

3%

Truck > 80%

1

MARKET SHARE KEY:
Both < 80%

I

Rail > 80%

This matrix illustrates the modal competitiveness of over-the-road dry van highway traffic and
rail intermodal traffic. Dry van and rail intermodal traffic of a particular type have been
combined to create an entire market. How much of the entire traffic in each market moves by
truck and how much by intermodal rail? Across the top of the table is lane density (the total
amount of relevant freight that moves from one origin market to one destination market). The
heavier the level of activity, the higher the density level. Down the left side of the table runs
distance of highway miles. Moving from the upper left to the lower right of the matrix,
intermodal share goes up. Conversely, highway share goes up from the lower right hand corner of
the matrix to the upper left corner. The higher the density and the longer the distance, the more
traffic is carried by rail.

To generate the intermodal costing, the team took 11 specific corridors selected from 11 cells in
the matrix that covered 85 percent of the intermodal market. Strong intermodal and Acrossover(
markets (where there is strong truck/intermodal rail competition) were covered. Corridors were
selected for their geographic and carrier diversity, mix of single line and interline traffic, and

Freight and Vehicle Miles Traveled Impact



where there were reporting issues (some railroads keep a separate intermodal division and report
some costs that way which makes them not comparable to other railroads) and rebilling.

MARKET SEGMENTATION: MODAL COMPETITIVENESS
MOoODAL DISTRIBUTION BY CELL

Lane Density (Annual Tons (000) by Intermodal and Dry Van)
Highway <100 100-400 >400 Total
Miles Truck IMX Truck IMX Truck IMX Truck IMX
1-99 1% 0% 3% 0% 23% 0% 27% 0%
100-299 5% 0% 9% 1% 17% 5% 31% 6%
300-499 6% 1% 4% 2% 4% 11% 14% 14%
500-699 5% 2% 3% 4% 9% 11%
700-999 5% 3% 9% 19%
1000-1499 4% 3% 6% 11%
1500+ 2% 5% [ 1% 279 4% 39%
Total 28% 13% 24% 22% 49% 65% 100% 100%
500+ 16% 12% 7% 19% 4% 49% 28% 80%
1-499 11% 1% 16% 3% 45% 16% 72% 20%

MARKET SHARE KEY:
Truck > 80% Both < 80% Rail > 80%

1  // 2

Individual corridors taken as representative of an individual matrix cell were expanded to the rest
of the matrix.

MARKET SEGMENTATION: MODAL COMPETITIVENESS
CORRIDOR SELECTION

Lane Density (Annual Tons (000) by Intermodal and Dry Van)
Highway <100 100-400 >400
Miles Truck IMX Truck IMX Truck IMX
200-499 CLT/BHM JAXIMIA
500-699 DEN/SLC
700-999
1000-1499

MARKET SHARE KEY:
Truck > 80% Both < 80% Rail > 80%

L 1 /1

High density rail corridors that were chosen include Los Angeles to Chicago, Dallas to Los
Angeles, New York to Atlanta, Portland (OR) to San Francisco, Jacksonville to Miami, Detroit
to El Paso, Seattle to Denver, Indianapolis to New York, Denver to Salt Lake City, Fresno to

Freight and Vehicle Miles Traveled Impact



Memphis and Charlotte to Birmingham.

The team used URCS based long term variable costs with appropriate adjustments made to it.
The team used Plan 25 to compare over-the-road operations with intermodal operations on a
door-to-door basis. The waybill does not provide a fair economic comparison because when a
shipper purchases intermodal services, the railroad has options on the level of service it will
provide.

Using Plan 25, the study team computes the full equipment charges plus drayage and thus
produces a fair economic analysis of the two modes. The team used a headhaul basis that means
100 percent of the relevant costs were charged, including a full charge for empty containers and
trailers. Costs were calculated per trailer or container. Operating factors were derived from the
waybill, industry interviews, and Surface Transportation Board policy. For every corridor that
was costed, the team looked at three equipment typesCspine cars, doublestack well cars and the
standard 89-foot flat carsCand three scenariosCthe status quo, North American trade, and LCV=s
nationwide.

Intermodal tare weights and payloads are the same for longer combination vehicles as they are for
the status quo. There are productivity gains for intermodal and the highway in the North
American trade scenario. If today-s standard size trailer takes on a tridem axle and is allowed to
take on heavier loads, (highway-imposed) weight limitations for rail will be lifted. Rail loads
must be delivered by highway. Sensitivity analysis was used for payloads and train lengths.
Container costs conform to truck factors for such items as intermodal dwell time.

IMX SPINE CAR COSTS PER TON-MILE: STATUS QUO AND LCV SCENARIOS

Lane Density (Annual Tons (000) by Intermodal and Dry Van)

Highway <100 100-400 >400

Miles Truck IMX Truck IMX Truck IMX
200-499 CLT/BHM: | $ 0.0353 JAXIMIA: | $ 0.0358
500-699 DEN/SLC: | $ 0.0329
700-999

1000-1499
1500+ FNOMEM: | $ 0.0217

MARKET SHARE KEY:
Truck > 80% Both < 80% Rail > 80%

1 /7 2
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There=s a fairly consistent pattern where if the lane density and the distance increase, costs drop.
Corridor costs for each of the cells were generalized to other records in the cell and interpolated
to other cells in the matrix. The expansion was done on a cost per ton-mile basis. Lift costs were
subtracted from unit costs. The net was applied per ton-mile. Lift costs were then added to the net
figures. Rebills were considered as forwarded or received traffic. The result is a costed wayhill.
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SHORT-HAUL DIVERSION and
WEIGHT DISTRIBUTION ANALYSIS

Harry Cohen

The team sought to analyze the impact of truck size and weight scenarios on heavy truck VMT
distributed by truck type and operating weight. This information is needed for analysis of safety,
shipper costs, pavement, traffic operations, energy, and environmental impacts. The base case
scenario used a Year 2000 VMT by 20 vehicle classes, State (analyzed at the State level but
reported at the national level), operating weight groups (5,000-pound increments), and the 12
highway functional classes. The 1997 Federal Highway Cost Allocation Study served as the
source for the base case VMT.

Initially, the team identified the truck traffic directly affected by weight limits. The team
estimated the shifts between three-axle and four-axle single unit trucks. There was no available
shipment-by-shipment database for short haul truck traffic, so the team used total VMT
distributed by truck type and a pivot point analysis, which is based on changes in relative cost.
The team then estimated the changes in weight distributions. Even if there were no shift among
truck types and four-axle trucks were allowed to operate at heavier weights than in the past, the
operating weight of the truck would be different. That would affect shipping costs and pavement
impacts. Adjustments were made for empty VMT.

PERCENT OF TRUCK VMT AFFECTED BY WEIGHT LIMIT CHANGES

100%

o 20 40 &0 80 00 120 140

Operating Weight (as % of Practical Maximum GVW)

The team assumed that the loading of a truck operating close to its gross vehicle weight limit is
governed by the weight limit. The team assumed that 95 percent of the trucks operating within
7.5 percent of their weight limit might shift their loading if the weight limits change. Finally, the
team assumed that if a truck is operating at 15 percent over or under its weight limit, the amount
of freight carried by the truck is not governed by the weight limit.
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For short haul analysis of single unit trucks, the team assumed that diversion would take place
between three-axle and four-axle single unit trucks. The teamss first step was to develop truck
operating cost equations. The team then applied those equations to calculate cost per ton-mile
under the base case and alternative scenarios, created and calibrated a diversion model, and
applied the model to predict diversion.

OPERATING COSTS FOR HEAVY SINGLE UNIT TRUCKS CHART
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For single unit trucks, the operating costs are between $5 and $7 per vehicle mile. These costs
tend to be quite a bit higher than for combination trucks. Single unit trucks operate at much lower
speeds than combination vehicles and are not always in constant use. Costs for these trucks
increase with operating weight. A 10 percent increase in vehicle operating weight causes a 1.3
percent operating cost increase per vehicle mile.

With cost per vehicle mile in hand, the team calculated the cost per payload ton-mile for SU3 and
SU4 trucks under the base case and alternative scenarios. The calculations were based on the
practical maximum gross vehicle weight, tare weight, cost per vehicle mile (by operating weight)
and ratio of empty-to-loaded miles.
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SU3 SHARE OF TRAFFIC

Cost Difference (SU3 vs. SU4)

When the SU3 has the cost advantage, most of the freight moves on these trucks. When the costs
to move freight on an SU4 drops relative to an SU3, freight shifts over.

It was assumed that if truck size and weight limits change, the operating weights of affected
loaded trucks would change in direct proportion. It was also assumed that there would be no
increase or decrease in the amount of freight carried (payload ton-miles ). If trucks were allowed
to run heavier loads, fewer vehicles miles would be required to move the same amount of freight
as before. The team assumed heavy single unit trucks would travel one empty mile for every
loaded mile. The team will add or subtract VMT at the tare weight of 22,600 pounds for the SU3
and 26,400 pounds for the SU4.

The team relied heavily on the ITIC model for its analysis of combination trucks. The analysis
was based on the outputs of the rail-to-truck and truck-to-truck diversion models. The team took
VMT and payload ton-miles by truck class, State, and functional class and repositioning miles
by truck class and region from the diversion models. The team assumed the analysis of short haul
shifts would mirror the long haul analysis. There are slight differences between long haul and
short haul operations, but the team assumed that the ITIC model could handle those differences.
Short haul combination trucks have a much higher percentage of empties than long haul trucks.

The truck-to-truck diversion model is based on survey data, so it must be expanded to the
national level. The team examined the model output by State and highway class and, most
specifically, base case VMT by 3-S2s (18-wheel tractor semitrailer) compared to Year 2000 3S2
VMT detailed in the Highway Cost Allocation Study. For rail-to-truck diversion, ITIC already
produces expanded national level survey results. The team added in the VMT that the model
predicted would divert from rail to truck.
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To compute the average operating weight for loaded trucks, the team used data on the change of
VMT and payload ton-miles (PTM) and tare weight. The team assumed average operating
weight equaled (APTM)/(aVMT) + Tare.

The adjustment for repositioning for long haul trucks was reached by a special analysis. The team
assumed that short haul trucks would have a 50 percent empty rate. The split between long haul
and short haul traffic was based on an analysis of Truck Inventory and Use Survey data. Survey
respondents were asked about the distances their trucks operated; 62 percent of 3S2 traffic is long
haul (greater than 200 miles).

QUESTION and ANSWERS

There=s quite a bit of difference between the short haul approach and the long haul
approach. There were problems estimating the short haul. What proportion of the total
VMT is in the under 200 mile category?

Virtually all single unit traffic operates under the 200-mile limit. Since 3-S2s account for such a
high percentage of combination traffic (62 percent), it:s a pretty good indication of how
combination traffic splits between short haul and long haul.

It would seem that single unit trucks would make up more than half of the total VMT.

The predominant vehicle on the road is the two-axle straight truck. None of our truck size and
weight scenarios hypothesize any changes for the two-axle trucks. Although these trucks
are the most common truck on the road, they account for a smaller proportion of total
VMT than the 3S2.

Did you apply results from the long haul model to the short haul analysis?

For combinations, yes. For single unit trucks, we used the pivot point analysis that drew heavily
on expert judgment and past studies. For modeling short haul combinations, we drew
heavily on the ITIC results. We compared our results with other studies.

The base case 3S2: is it a 48-foot trailer or a 53-foot trailer?

We:ve assumed it to be a 53-foot trailer, but from the data that was collected, we don:t know if it
was a 48-foot trailer or a 53-foot trailer. We assumed it was a 53-foot trailer because it

could be a 53-foot trailer. We didn-t want to take any additional cube out diversion that
could be on the road today.
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Why did you choose a 53-foot trailer for the Rocky Mountain double and the turnpike
double?

The Rocky Mountain double was a 53-foot trailer followed by a 28-foot trailer, and the turnpike
double was twin 53-foot trailers. As we worked the diversion model and developed the
tool, we wanted to see if the model could handle scenarios that far at the edge. We were
not looking at any policy proposals.

We wanted to operate at the maximum diversion, using the largest size and weights. For the
purposes of analysis, the shorter wheel base, we wouldn:t have had the maximum
diversion. Decisions on which sizes and weights were used were based upon which would
provide the most impact.

There could be an infinite number of scenarios, but we picked configurations for this initial
testing that were at the outer bounds or would provide the most impact.

I understand your 1-to-1 ratio on empty single units versus fully loaded units. What were
your assumptionsCempty versus loadedCon 3-S2s on the short haul?

We assumed a 1-to-1 ratio on the short haul. For the long haul, we had a special repositioning
analysis that gave us substantially less than a 1-to-1 ratio.

Referring to the Aall-or-nothing@ diversion, could you review why you did that and how you
reached your sensitivity analysis results?

AAll-or-nothing@ means a particular shipper for each shipment may choose a number of different
modes to move all of his commodities. The team didn-t mean divert all of the shipment to
rail intermodal, rail carload, or a particular truck configuration. This assumes that the
shipper will find the least expensive mode to move a shipment between his origin and the
destination. He may want to spread out a shipment over more trips. It=s an inventory issue
and a commodity issue. There isn-t quite enough commodity information to understand
the differences.

Why didn:t you assume that diversion occurred? What were the results of the sensitivity
analysis? Apparently you found they didn=t exaggerate your findings too much or you
would have backed off.

We tested each parameter for its importance within the model. Driving the model was what was
important for the choice of a 3S2 or a turnpike double? We tested the parameters in the
model to make sure they were working in the way that we intended them to work. We
wanted to talk about the upper bound. We didn-t want to talk about where we were on a
diversion curve or an adoption curve. Thatss a little murky for some of the additional
impact statements. After all the changes and all parameters take affect, the state of the
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world would be quite different given some of these truck configurations. We used the
maximum sizes and weights to provide a benchmark by which to tailor future analyses.

Are you going to give us some illustrations of the outputs of these models? Are you going to
provide some scenarios and show us how you built these models?

That information will be contained in VVolume IIl.

This conference is to walk through the methodologies of how the models were obtained. They
will be available later this summer.

Regarding the truck network and the costs to build the staging areas that would be built
every 14 miles on the rural Interstates: have you modeled the railroad network and what
would be needed for these intermodal facilities whether they exist or not? How does that
impact diversion?

The intermodal network that we used was developed at Oak Ridge National Laboratories. When
you get an intermodal rail shipment, you know the distance it travels over the rails, but
you don=t know how much further it had to travel to get to its destination. Oak Ridge
developed some methods to estimate the distance between ultimate shippers and
receivers.

There set large rail delivery points where you can change your truck availability. Rail is
most viable to major delivery points and staging points. It is not viable to move certain
things by rail in Vermont over a short distance. There isa VMT impact. It=s okay to move
commodities coast to coast by rail. That would cost a lot more by truck. But you need
trucks to get goods out of the railhead.

We used the originations/destinations that are specified in the waybill. We assumed you are
moving that same freight from those same originations and destinations. We didn-t
hypothesize a change in the rail network.

In the straight truck conversion, does the model assume the Federal bridge weights as a
determinant? In the proportional shift from one scenario to another, does the model
assume you are able to take up all of the increase in the allowance or do you take into
account operating restrictions where you cant stretch the wheel base? Does your model
take into account multiple weather restrictions where you can=t operate fully within the
hours of service?

We ignored bridges as a weight determinant and focused solely on weight limits per axle: 12,000
pounds for a steering axle and 20,000 pounds for a single axle. We tested 44,000 pound
and 51,000 pound limits for tridem axles. Taking those weights limits and axle
distributions, we estimated the costs to replace those bridges that need replacing based on
overstress criteria.
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Are you assuming that in going to the alternative scenarios that you can infinitely stretch
the wheel base of the truck to accommodate the maximum increase in weight allowance?

The wheel base is based upon the length of the trailer. If the trailer length is extended, then the
wheel base is assumed to be at the outer edge of the trailer.

My question is about the straight truck, which is much more problematic.

Straight trucks have definite limits on the wheel base, not so much for the diversion model, but
for the bridge analysis and the stability and control model.

Can you plug in the various inputs into the model that are savings specific? If you are
repositioning at 65 percent rather than the assumed 50 percent, can you plug in significant
changes in variables for each industry segment?

The model can do that. That is basically the way it works. It=s a diversion model that allows
traffic to shift gradually from one type of configuration to another, as the cost of the
configuration drops. The problem we have is we don:t have base case information that
shows, for example, the operating weight distributions for concrete mixers or for another
special kind of truck. If we had that information, we could take our model and apply it to
a specific type of vehicle. Instead, we work with all three-axle single unit trucks
combined and all four-axle single unit trucks combined. We have it broken down by
highway functional class and operating weight, but we don-t have it broken down by type
of industry. We just don-t have the data to run the model under those circumstances.

Would it be possible as you develop the models and put the outputs together to run another
test with different truck lengths to get an idea of the impact of the diversion when you
change them?

Sure. Thatzs easily done.

Regarding, rail traffic that moves less than 200 miles: What is it? Is there very much of it?
On all other traffic there are about 50,000 shipments in the 1994 Waybill that move less than 200

miles. These are mostly mineral ores and chemicals that are being put in storage, in
transit, or interplant transfers.
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SHIPPER COST IMPACT

Karen White

Shipper costs feed directly from the diversion model. The cost components for shippers are
transportation and inventory costs. The team calculated the aggregate costs for moving freight for
each scenario. For inventory costs, the team will calculate only the percentage change of the cost
of holding goods because no comparable national figures exist. The team found figures for the
value of goods held in inventory but could not find figures for the cost of goods in transit,
inventory held against potential shipping delays, cycle stock, and ordering expenses. The team
will present the base case change in costs.

The diversion model focuses on three shipper types: truck shippers who change truck
configuration, rail shippers who change to truck, and rail shippers who remain on rail. The
calculation of shipping costs for truck and rail shippers is the same. To calculate transportation
costs for shippers who move their freight by truck, the team will multiply vehicle miles traveled
(VMT) by configuration and weight group by the cost per mile for that configuration and weight
group. For example, the VMT for a 5-axle semitrailer at 80,000 pounds is multiplied by $1.06.
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Inventory costs will be presented as a percentage change from the base case.

To figure transportation costs for rail shippers who remain on rail, the diversion model allows the
railroad to discount its revenue down to its variable cost before losing the shipment. There is no
change in inventory cost because the railroad is using the same mode and facilities.

RAIL IMPACT ANALYSIS

Scott Greene

There are two reasons for conducting a rail impact analysis: To determine the total shipper cost
due to truck size and weight changes and to address the potential adverse effects on the rail
industry resulting from increasing truck size and weight limits. The Comprehensive Truck Size
and Weight Study takes into account the total effect on the Nation=s truck and rail freight
shippers to determine the net national change in shipper costs. As railroads lose traffic and
revenues, their high fixed costs remain. As traffic decreases, unit costs for shippers increase.

INTERCITY FREIGHT TON-MILES BY MODE (1994)

Truck
27.8%

Rail
39.1%

Pipeline
18.1% 0.4%

Water
14.6%

Rail carries the majority of the intercity freight ton-miles, nearly 40 percent.
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INTERCITY FREIGHT REVENUE SHARE BY MODE (1994)

Pipeline - 3.1%
Water

2.9% \
Air - 4.8%
-

Highway - 76.8%

Trucks earn the majorityCnearly 77 percentCof intercity freight revenues.

In 1994, the Class I railroad industry was healthy. Revenues for almost every major commodity
group were up, financial performance was at its best for any single year in nearly two decades,
and industry operating ratio was 81.5, an improvement over the previous year, when it was 85.1.
There were 12 Class I railroad systems. The industry structure in 1994 provided a unique
opportunity to look at regional impacts.

From a regional perspective, it is clear that the industry is not monolithic. Carriers have different
operating characteristics, commodity mixes, lengths of haul, and geographical operating areas, to
name a few differences. While the team examined the industry as a whole, the analysis focused
on Santa Fe, Union Pacific, Conrail, and Norfolk Southern railroads. Railroads have high fixed
and common costs. Railroads must maintain an extensive network. There are also costs
associated with clerks, maintenance and operations employees, locomotives, and rail cars.
Railroads are a decreasing cost industry. As traffic decreases, fixed costs are spread over fewer
units of traffic. As traffic increases, fixed costs are spread over a greater number of traffic units.

Mode share will change with changes in truck size and weight. Total shipper logistics costs
(transportation and inventory costs) changes are the key ingredient in load selection or truck
configuration selection. The mode with the lowest total shipper logistics costs wins, that is, if
truck logistics costs are less than rail, traffic that once moved by rail diverts to trucks.

What happens to the rail industry as mode share changes or rail loses traffic? What will be the
effects on individual railroads? Because there are regional differences in railroads, the team
gained a sense for what the impacts would be for different truck size and weight scenarios.
Because this is a network industry, the effects on one carrier could spill over onto other carriers.

To answer the above questions, the team used the carload waybill sample and diversion model

output from FHWA, the McCullough cost elasticity coefficients, and an analysis of Class |
railroad financial and operating statistics, compiled by the Association of American Railroads
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from data submitted to the Surface Transportation Board.

Using the FHWA diversion model outputs for each of the three scenariosClonger combination
vehicles, tridem axle vehicles, and triple trailersCthe team identified the moves that would
remain on rail. Why look at moves that would continue to move by rail? The full revenue effects
must be determined. In this model, there are two causes for reduced rail revenue: diversion (lose
traffic, revenues, and costs) and discounting down to variable cost to hold traffic that would be
lost to lower truck rates. Each leg of rail moves from the waybill is analyzed to determine the
remaining car-miles, revenues, and revenue dilution for the Class I industry and the study
railroads. This required an incredible amount of number crunching.

The team then calculated the percentage change in rail car-miles following diversion for the base
case industry and study railroads for each scenario. For example, for the base case, if car-miles
total 1,000 following diversion and 900 car-miles are left, there is a 10 percent change in car-
miles. Similarly, the percentage changes in rail revenues were calculated by the Surface
Transportation Board.

Rail revenues figures are not accurate. These inaccuracies are in the reporting. The revenues on
the waybill do not reflect actual contract revenues because they are highly confidential and solely
in the possession of the Surface Transportation Board. It doesn=t matter in most aggregate
analysis, but because this model is geared to run off of individual shipments, it was important for
the Surface Transportation Board to calculate these percentage changes using the highly
confidential data.

The McCullough Cost Elasticity Coefficients were developed by Gerard McCullough for his
1993 doctoral dissertation at MIT. The coefficients are used to determine post-diversion freight
service expense, which is equal to railroad cost. The analysis applies rail industry elasticity of
freight service expense with respect to changes in car-miles. For the industry, the elasticity
coefficient is 0.6101. The elasticity coefficient for each of the four study railroads was: Santa Fe,
0.7543; Conrail, 0.5795; Union Pacific, 0.7893; and Norfolk Southern, 0.7087.

For a 10 percent decline in rail car-miles, rail cost would decline only 6.1 percent. Reductions in
costs do not decrease on a 1-to-1 ratio with car-miles as traffic is diverted. Railroads shed cost
much more slowly because of high fixed and common costs. Comparing, for instance, Union
Pacific (0.7893) with Conrail (0.5795) would show that the impact of diversion would not be as
great on Union Pacific as it would be on Conrail. Union Pacific loses more cost as car-miles
decline.

The outputs from the percentage change in car-miles and revenues and the McCullough Cost
Elasticity Coefficients provide the inputs to the railroad financial impact model. The examination
of rail impacts goes beyond what was done in the past to address cost and revenue effects. A
more complete understanding of truck size and weight changes on the rail industry takes us one
step closer to understanding the national changes in shipper costs.
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DISCUSSION of the RAIL
FINANCIAL MODEL

Chris Rooney

The industry and four railroadsCSanta Fe, Union Pacific, Conrail, and Norfolk SouthernCwere
chosen to give a range of susceptibility to the financial effects of the loss of revenue from
diversion. Why look at these effects in depth through an integrated financial model? There are a
number of audiences for these decisions. We ought to be cognizant of the overall condition of the
rail industry as seen by its management, customers and Wall Street.

The purpose of the analysis is to provide a creditable view of the effects of the loss of business
railroads could suffer due to diversion. The major objectives of this analysis were to create a test
case to project the Association of American Railroads Green Book statistics from 1994 (base
year) through 2000. The team extrapolated base case revenues and expensesCfactoring in no
diversionCand varied the car-miles and revenues to quantify the effects of diversion losses. The
team used McCullough:=s Cost Elasticity Coefficients to forecast the effect of lost volume on
costs. The team calculated the increased cost per car-mile associated with the truck diversions.
Railroads are characterized by higher fixed costs and lower variable costs than the trucking
industry. The team also looked at profit contributions after diversion. What does the total
financial picture look like after diversion impacts have been factored in?

The team utilized the Vanness Brackenridge model, which was subjected to peer review.

Model Structure Diagram

Overall Reporting Sectors: The Model Can be sensitized to:
Activity Levels Activity levels by type/distance
- Statement of revenues Tariffs by type/distance/other
- Statement of expens