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EXECUTIVE SUMMARY

Projections of major increases in U.S. coal production and use have
raised concern about the ability of the U.S. transportation industry to handle
these increases. To address this concern, the Electric Power Research Insti-
tute (EPRI) and the U.S. Department of Energy (U.S. DOE) sponsored this work—
shop to bring together the builders of major coal transportation models and
analyze the problems of modeling the transportation of coal for use by domes-—
tic utilities and for export. The workshop was conducted for EPRI and U.S.
DOE by Argonne National Laboratory (ANL) Energy and Environmental Systems
Division, Center for Transportation Research.

At the workshop, papers on the models were presented by their authors;
they were followed by the presentation of a summarizing paper comparing and
contrasting the models. The models presented included two coal transport
cost models; a model of county-level coal supply and demand; a non-network-
based model of interregional coal supply, demand, and price; three network-
based coal-flow assignment models; five comprehensive models of transportation
interactions in the domestic coal industry; and a model of international coal
flows. Following the presentation of papers, participants separated into two
discussion groups, one dealing with the modeling problems of domestic utility
transportation and one discussing coal export transportation modeling. Both
groups used the summary paper as a springboard for discussion of current and
future problems in their specific areas and in the area of generic modeling.

Major findings of the utility group meeting included identifying the
following needs:

e To explain the relationship between transportation costs
and rates,

e To appropriately transfer either the ability to use models
or the information obtained from models to the utilities,

e To establish a means for developing and sharing an improved
data base for coal transportation, and

e To engage in more extensive semsitivity analysis and valida-
tion of existing models.

At the coal export group meeting, the major identified need was for
new models to aid the following:

e U.S. seaports in setting user charges to recover dredging
costs,

e U.S. seaports in combining with railroads and coal companies
to set prices to compete with other seaports, and

e The U.S. government in establishing coal export strategies.
These new models pertaining to these strategies might deal
with world coal supply and demand and national ports and
shipping. The supply-demand model would have to include
both political and economic variables. The port-ocean



shipping model would require the flexibility to (1) incor-
porate new shipping technologies, (2) address issues
concerning port dredging, and (3) provide quantified cost/
benefit analysis information where possible. The port-ocean
shipping model would be used to help define the best U.S.
port and ocean-shipping system for satisfying world coal
transport demands.

vi



1 WORKSHOP DESCRIPTION

1.1 BACKGROUND

Total U.S. coal production is projected to increase from about 805 mil-
lion tons in 1981 to approximately 2.2 billion tons in 1995.1:2  Domestic
utilities are forecast to increase their use of coal from 580 million tons
in 1980 to 880 million toms in 1990. U.S. coal exports are projected to
increase from approximately 95 million tons in 1981 to an estimated 250 mil-
lion tonms in 1995.1:4 Coal availability and production technology to satisfy
these increases are not considered to be problems, but the transport of these
quantities of coal has been identified as a major challenge facing the U.S.
transportation system.

As a step in planning for these forecast increases in coal movements,
the Energy Analysis and Environment Division of the Electric Power Research
Institute (EPRI) and the Office of Energy Supply Transportation and Coal
Exports of the U.S. Department of Energy (U.S. DOE) jointly sponsored a Coal
Transportation Modeling Workshop. The Argonne National Laboratory (ANL)
Energy and Environmental Systems Division, Center for Transportation Research,
conducted the workshop, at which the authors of major coal transportation
models were invited to present papers about their models. Other coal trans-—
port researchers and representatives from electric utilities and relevant
government agencies were also invited. Appendix A is a list of the workshop
participants.

Prior to the workshop, ANL sent questionnaires to each speaker request-
ing summary information concerning his/her model. 1In addition, each modeler
was interviewed by telephone by Marc P. Kaplan of the Center for Transporta—
tion Research, who used the summary and interview information to write a paper
comparing and contrasting the models presented. Kaplan’s paper was designed
to provide a focal point for discussion of the various models and increase the
productivity of the workshop discussions.

The workshop was held at the EPRI facilities in Palo Alto, California,
on December 3 and 4, 1981.

1.2 FORMAT

The workshop agenda (see Appendix B) began with presentations describ-
ing models, scheduled in ascending order by degree of model comprehensiveness.
Kaplan®s summary paper comparing and contrasting the models concluded the
paper presentation section of the workshop.

Two separate group discussions, one dealing with the coal transporta-
tion problems of domestic utilities and one considering U.S. coal export
transportation, were then held simultaneously. These discussions provided an
opportunity for participants to discuss the current and future transportation
situations facing either domestic utilities or U.S. coal export companies,
modeling needs relating to these situations, and generic modeling problems.
Before the workshop was adjourned, presentations of discussion results were
made to the entire group.



The next two chapters of these Proceedings contain summaries of the
utility and coal export group discussions and the papers presented at the
workshop.
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1981).
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2 WORKSHOP GROUP SUMMARIES

2.1 UTILITY WORKSHOP GROUP SUMMARY

Participants discussed the role of coal transportation modeling in
helping to solve utility problems. The basic problem areas identified in-
cluded the following:

e Rate litigation,

e Rate negotiation,

e Plant location planning,

e Fuel source procurement, and

e National planning and national policy development.

Coal transportation cost models as aids to rate litigation and negotia-
tion were considered of most value to utilities that had a history of depend-
ence on coal. Utilities facing fuel conversion or having a wide range of
expansion options, although valuing the cost models, also had long-range-
planning concerns that are more directly addressed by comprehensive coal
transportation models.

Several problem areas were identified as limiting the application of
utility-oriented models:

e Lack of an adequate understanding of the relationship
between costs and rates,

e Complexity of assembling input data and operating the
models, and

e Limited availability of current, accurate, and complete
data about the flow, prices, and routing of coal.

The participants expressed different opinions about the resolution of
these problems.

e Some viewed the problem of explaining the cost vs. rate
relationship as basically impossible to solve; others
thought that examining the next least cost alternative
would provide some imsight.

e Some thought that the models should be made more user
oriented and actually be available to the end users;
others thought that only the model developers could
take full advantage of the models and therefore model-
ers should function as information rather than model
providers.



All participants believed that data availability should
be improved; however, it was recognized that barriers
exist to universal data sharing. For example, the
individual utilities know what rates they are paying but
may not wish to make that information available to the
modelers, who also may work for carriers with which the
utilities may later be negotiating.

The participants also agreed that more sensitivity analysis and model
validation would help to establish the appropriateness of applying models
to solve utility problems.

2.2 COAL EXPORT WORKSHOP GROUP SUMMARY

Participants discussed the realities of the coal export situation and
concluded the following:

A few major firms are dominant suppliers,

European consortiums deal with these dominant suppliers
and often frustrate small suppliers,

Demand is based on both a diversity of suppliers and
other political considerations,

Many export variables cannot be precisely modeled due to
major real-world uncertainties (e.g., the amount of time
that will be required to accomplish dredging given un-
certain funding sources and environmental delays),

Europe and Japan should be modeled as separate markets, and

Domestic rail charges and not ocean shipping charges are
the driving factors for coal export.

Participants also identified and discussed the need for the following
coal export models:

A model for ports to use to set user charges to recover
dredging costs.

A model to aid individual ports to combine with railroads
and coal companies to set prices to compete with other
ports.

Models to aid the U.S. government in establishing some
kind of coal export strategies. This category of models
might deal with world coal supply and demand and national
ports and shipping. The supply-demand model would have to
include political and economic variables. The port-ocean
shipping model would require the flexibility to incorpor—
ate new shipping technologies, address questions concern-
ing port dredging, and provide quantitative cost/benefit



analysis information where possible. It could be used
to help define the best U.S. port and ocean-shipping
system for satisfying world coal transport demands.

A hierarchy of models for exports:

Macro - dealing with basic questions,

Mezzo - dealing with the majority of problems, and

Micro - answering very specific questions for the
shippers, ports, and transportation firms.

An export coal model to be coupled to the EPRI model
developed by CACI, Inc., or to the National Coal Model
to better predict export impacts upon the domestic
coal transport system.

In addition, participants discussed the following generic
problems and concluded the following:

Modeling port and ocean shipping capacities for coal
exports is not as difficult a problem as modeling
railroad capacity.

The need for model validation is often not satisfied.
Model sponsors often do not stress validation because
of costs and the inherent lack of precision of models.
It was also noted that models can only be invalidated.
The use of models only to gain insights was seen to
reduce the need to validate by some. It was agreed
that modelers should validate as many results as
possible.

modeling



3 COAL TRANSPORTATION MODELING PAPERS

This chapter includes all of the papers presented at the workshop, plus
additional ones describing relevant recent modeling efforts of the Federal
Railroad Administration and TERA Consultants, Inc.* The first paper provides
a perspective on how each of the models described fits into the overall
framework of coal transportation modeling. The remaining papers are presented
in ascending order of model comprehensiveness. All papers have been printed
exactly as received from their authors.

*The TERA paper was on the workshop agenda, but travel difficulties prevented
the presenter from attending the workshop.



A REVIEW AND COMPARISON OF COAL TRANSPORTATION MODELS

Marc P. Kaplan
Argonne National Laboratory

ABSTRACT

Forecasts of dramatic increases in the demand for coal
over the next 20 years have raised concerns about ability of
the United States transportation system to move these coal
volumes. These dramatic increases in coal use may be limited
by the capacity of the transportation system or by the cost of
capital improvements needed to expand tramsport capacity.
In addition, many other economic, social, and environmental
issues have been raised regarding increased coal demand and
transport. A variety of mathematical, computerized models have
been developed to aid analysis of these issues. This paper
reviews and contrasts a sample of 13 of these models that were
presented at the Coal Transportation Modeling Workshop in Palo
Alto, California, on December 3-4, 1981. Jointly sponsored by
the Electric Power Research Institute and the U.S. Department
of Energy, the workshop assembled prominent coal transportation
modelers from private industry, government, and academia.

This paper was prepared as a summary and comparison of
the models presented and served as a focal point for the work-
shop sessions that followed the paper presentations. The
information presented here was obtained through (1) responses of
the modelers to a one-page questionnaire, (2) personal conversa-
tions with the modelers, and (3) reading of the submitted
papers. This paper first presents a schematic conceptual model
of the overall coal supply/demand transportation system.
This presentation is followed by a brief description of each
model accompanied by the same schematic highlighting the inter-—
actions addressed by that particular model. Finally, a matrix
that summarizes the salient features of each model is presented.

INTRODUCTION

The current level of domestic coal production is about 805 million
tons, of which approximately 580 million tons are burned by electric-power
utilities and 95 millions tons are exported.1’2:3 By the year 1990, it is
expected that 880 million toms of coal will be consumed annually by domestic
electric utilities.3 By 1995 coal exports are expected to increase to an
estimated 260 million toms. Although resource availabililty for total coal
production of 2.2 billion toms/yr by 1995 is not generally considered a
problem,4 the transport of this quantity has been identified as a major
challenge.

Although long-term capital improvements to the transport system can be
implemented to facilitate the growth in coal traffic, there exists much



uncertainty regarding the long-term dynamic impact on future coal demand of
(1) short-term constraints and (2) large capital-expenditure allocations to
coal shippers. Transport cost is already a major component of the delivered
price of coal, accounting for as much as 50% in some cases. Therefo;e,
expectations of future coal transport services play an ever increasing
role in the long-term planning in major coal use industries, e.g., electric—
power generation and export.

In the electric-power industry these expectations can significantly
affect the choice between coal-fired generating plants and other power-—
generating alternatives. The location of future coal-fired plants will also
be affected because transport costs greatly influence the decision to trade
off electrotransmission for fuel transport costs. The demand for export coal
will, of course, be affected by the supply price. Decisions related to the
expansion and location of coal export facilities are, therefore, dependent on
the delivered price of coal to those facilities.

In addition to these ever-important economic considerations, many
social and environmental issues have been raised regarding the growth of coal
demand and transport. Included among these are concerns about land erosion,
water depletion and pollution, air pollution, and community disruptions.
Furthermore, some government actions directly affect coal supply/demand
activity patterns and transport costs. Notable among these are the Clean Air
Act regulating removal of sulfur from coal burned within controlled regions,
Interstate Commerce Commission (ICC) regulations on transport pricing, and
recent Stagger's Act reductions in these ICC regulations. Because of these
concerns, government agencies -- as well as private industry —-- are interested
in accurate and reliable estimates for quantities and costs of future coal
extraction, transport, and use.

A variety of mathematical, computerized models have been developed

and implemented as aids in preparing these estimates. These models, though
simplified abstractions of a very complex system, are themselves complicated
systems of mathematical expressions. The major advantage offered by the

models is their ability to answer, in a consistent fashion, questions about
what will likely happen if the coal supply/demand system is altered in various
ways under different circumstances. The complex coal supply/transportation/
demand system involves multiple suppliers and users connected by several
shipping modes and routes that are competing with other commodities for
available transport capacity. Forecasting these activities requires a
systematic, explicitly stated, rigorous approach in order for consistency and
accuracy to be maintained.

Unfortunately, the modeling of such a complex system leads to a dilem-—
ma. On the one hand, a model should be as simple as possible in order to
be clearly understood and capture the structure of underlying causal relation-
ships. However, simplicity can lead to an unrealistic representation of the
modeled system. On the other hand, overcomplexity in the modeling system may
muddle analysis by introducing yet another imponderable item. All modelers
use subjective judgment to identify the appropriate balance of simplicity and
realism —— a fact that helps to explain some of the differences among existing
models.



Recognizing that a multitude of coal transportation models have been
put forward, the Electric Power Research Institute (EPRI) and the U5
Department of Energy (U.S. DOE) sponsored, with the assistance of Argonne
National Laboratory, the Coal Transportation Modeling Workshop. The objec—
tives of the workshop were to (1) establish the current level of understand-
ing by professional modelers of the coal supply/demand system, (2) identify
and assess the implications of underlying assumptions for coal transport
modeling, (3) identify strengths and weaknesses in existing approaches, and
(4) provide a forum for interaction that would be conducive to the synthesis
of new and improved approaches.

A dozen coal transportation modelers representing private industry,
government, and academia prepared papers for presentation at the workshop and
for inclusion in these proceedings. This summary and comparison of the models
was prepared to help focus discussion and maximize the productivity of the
workshop. The information presented here was obtained through (1) responses
of the modelers to a one-page questionmnaire, (2) personal conversations with
the modelers, and (3) reading of the submitted papers.

This paper first presents a schematic conceptual model of the overall
coal supply/demand transportation system. This presentation is followed by a
brief description of each individual model accompanied by the same schematic
highlighting the interactions addressed by that particular model. Finally,
a matrix that summarizes the salient features of all the models is presented.

CONCEPTUAL MODEL

In this section, a simple block diagram model of the coal supply/
demand transportation system is presented to focus the following discussioms.
In this diagram (Figure 1) the boxes may be viewed as individual system
components, each serving a distinct functien. The arrows indicate the
reliance of each component on others by showing required information flow.
The many feedback loops are an indication of the degree of interrelation.
The model is conceptual in that its purpose is only to identify important

interactions. It is not operational because no functional relationships are
defined. Indeed, there is intentionally no suggestion made of the form of the
operational model, e.g., sequential, iterative processing, or simultaneous.

For simplicity, the model is limited by the assumption that the demand
for electricity and all transportable commodities other than coal is given.
Modeling these interactions goes beyond all existing operational models and
is, therefore, excluded from consideration here.

The supply and demand for coal is affected by many variables. The
demand, stratified by location and coal type, is a function of the demand for
products, including electricity and steel. For example, the delivered price
of coal in combination with other economic and regulatory considerations
determines which electrical generation alternative (coal-fired vs. other) will
be selected at any given time. Similarly, the supply of coal, stratified
by location and coal type, is determined by such factors as the market price

of coal, physical constraints of coal extraction, and regulations.
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Demand
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Coal Demand Commodity
modit s
location, type cm:lows i Transport
Costs
Coal Network Network
Transportation et L el —e—i Routing —=1 Link
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Coal Supply Transport
location, type Costs

Fig. 1 Cenceptual Model Coal Supply/Demand Transportation System

The delivered market price of coal is, in classic economic theory,

determined by the equilibrium of supply and demand price. In addition to
production cost, transport cost is an important component determining the
supply cost function. Another very important component is profit. Because

the system is geographically distributed, there are locational advantages
enjoyed by various users, suppliers, and transport operators. These location-
al advantages can be quantified as an economic rent. In a purely competitive
economic environment, this economic rent is ultimately shared equally by

all participants. However, there are many reasons why this paradigm is not
strictly applicable to the coal market. The relative strength of the partici-
pants determines their relative shares of the rent. Transport, primarily

rail, sometimes holds the strongest position because of near monopolistic or
market dominance advantages. Although transportation's share of the economic
rent is often largest, in the absence of additional explicit constraints,
its precise share remains indeterminate. This fact makes the transition
from transport costs to transport rates one of the most difficult modeling
problems.
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The distribution of coal supplies and demands and the cost to the
users (delivered price) provide the information required to specify both the
objective function and system constraints used to determine the flow of coal
from supply points to user points. All of the operational models presented at
the workshop that addressed this component used a mathematical programming
approach. However, two basic philosophies were represented: user opt imum
and system optimum. The user-optimized approach minimizes the acquisition
cost for each demand point. The system-optimized approach minimizes total
system costs. Under the most general of circumstances, these two approaches
provide different results. The user—optimized solution is generally con-—
sidered more representative of actual individual choice, whereas the system
optimum is more prescriptive.

Appropriate paths, i.e., linked segments of the transportation system
that may represent multiple modes, are identified for accommodating the coal
flows. Identifying these paths (i.e., network routing) is accomplished by

finding minimum cost paths. However, as traffic over the individual links and
through individual nodes changes, the cost of transport changes. And, since
it is not only coal traffic that affects link impedance, it is desirable to
account for all commodity traffic. The interaction of network routing,
loading, and costing has been operationally modeled by algorithms that seek
out either user— or system-optimal equilibrium solutions.

In the conceptual model, the costs feed back to rates; hence delivered
price, and coal flow would ideally define an overall system equilibrium
encompassing the transportation network equilibria. Unfortunately, nome of
the existing operational models presented at the workshop was this comprehen-—

sive.

The following brief descriptions of each model are accompanied by a
diagram of the conceptual model indicating the subset of interactions modeled.
The following summaries are presented in ascending order by degree of model
comprehensiveness. However, the judgment of, relative value of the models
should not be made on this criterion alone. The relative tradeoffs among
comprehensiveness, simplicity, precision, and computational efficiency are
very much application-specific and beyond the scope of this comparison.
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DRI - COAL TRANSPORTATION COST MODEL>

More accurately described as an accounting procedure linked to an
extensive data base, the DRI Coal Transportation Cost Model provides the user
with an ICC-compatible estimate of rail and/or barge carrier costs for a
particular shipment. The user specifies the type of origin, type of destina-
tion (e.g., deep mine, power plant), annual quantity shipped, number of
shipments, cars per shipment, type of cars, round trip time, and distance by
each carrier. Both variable cost (including embedded debt cost of capital)
and fully allocated cost are estimated. Unless otherwise specified by the
user, carrier-specific average costs per various transportation functions
(e.g., yard switching, train switching, maintenance materials, and labor)
are used as derived from the carrier's annual report to the ICC. Terminal
and car costs are variable according to the number of cars per shipment.

Because the DRI Coal Transportation Model is ICC-Form A compatible,
it is a valuable aid in rate negotiation and litigation. Its link with other
DRI data bases and forecasting models provides estimates of future functional
unit costs as input to future transport-cost estimates. The process does not
directly identify a minimum-cost transportation route. Successive user
inquiries can, however, quantify the costs for previously identified alterna-
tive routes.
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Fig. 2 DRI - Coal Transportation Cost Model
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MANALYTICS — COAL TRANSPORTATION COST I"[ODEL6

The Manalytics Coal Transportation Cost Model is a route-specific
engineering-cost model of variable carrier costs. The user defines and
describes the shipment routes, size, and configuration. Details of the route
include curve and grade along segments, stop and idle points, helper locomo=
tive stations, and crew changeover points. Although default values provide
unit costs of fuel, labor, materials, and equipment, the user can override
these values. User-specified inflation factors can be used to escalate these
costs over the forecast period.

The model determines the power and locomotive requirements of the
shipment and terrain-specific energy intensity. When train speed, as computed
by the model, is reduced below a specified lower limit, the model prescribes
helper engine support. Regulatory and union-required crew changes are also

determined. Based on these operating parameters and unit costs, the total
shipment cost is computed.

Although the Manalytics model is not an ICC-accepted computational
technique and therefore not likely to be of value in litigation, it does
provide additional unpublished route-specific information useful in rate
negotiation. Like the DRI model, the Manalytics model does not directly
identify a minimum-cost transportion route. Successive runs can, however,
quantify the cost of previously identified alternative routes.
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Fig. 3 Manalytics - Coal Transportation Cost Model
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TERA - COAL SUPPLY AND DEMAND DISAGGREGATION METHODOLOGY’

Actually an input to coal transportation models, the TERA Coal Supply
and Demand Disaggregating Methodology provides the capability to disaggregate
highly aggregate regional commodity forecasts to a county level. The method
can be used to generate input data for subregional analyses that require a
finer level of geographic detail than is typically addressed by interregional
models. The TERA methodology has been used to disaggregate DRI interregional
(7 supply, 13 demand regions) coal forecasts and DOT freight forecasts of
other commodities for use in a study of coal flows between Northern Appalachia
and the Northeast resulting from the Fuel Use Act of 1978 (FUA).

Noncoal commodities are allocated to counties in proportion to the
share of regional value added in manufacturing contributed by each county.
Coal production is allocated to counties such that the weighted sum of
deviations from historical production trends in quantity, sulfur content and
price is minimized. The solution is constrained by limiting the amount of
growth or decline in production. Coal demand disaggregation 1is performed
separately for mandated coal conversion due to the FUA and non-FUA demand.
Non-FUA demand is simply apportioned according to each county's historical
share of regional demand. FUA coal demand is allocated directly to the
counties where mandatory coal conversion has been dictated in amounts con-
sistent with their coal-fired capacity. Coal export demands are similarly
allocated.
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DOE - NATIONAL COAL MODEL8

The National Coal Model (NCM) estimates the flow of 18 types of coal
from 32 coal-supply regions to 44 demand regions. The NCM uses a standard
linear programming formulation to determine a system-optimized minimum-cost
distribution of coal. The objective function of the NCM is the total cost of
supplying coal energy to all the demand sectors. This cost includes the
mine-mouth price of coal and the transport costs. The mine-mouth price of
each coal type by supply region is described by a multistep function; the
marginal cost of extraction increases as supplies reach depletion. The cost
of transporting coal is simplistically defined in the NCM by four regiomally
specific per mile unit costs. The solution is constrained at both supply and
demand regions. The supply of each coal type at a given price level is
specified for each supply region. The energy requirements and limits on
emissions are specified for each demand region. The NCM does not place any
upper constraint on the amount of coal that can be shipped between regions;
however, minimum levels that represent existing coal contracts are invoked.
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COMSIS - NATIONAL TRANSPORTATION PLANNING MODEL?

The National Transportation Planning Model (NTP) is a multimodal
network routing and assignment (link-loading) model. Although the model is
capable of assigning flows for 19 commodities, individual commodity types
(e.g., coal) can be independently analyzed. Basic inputs to the NTP model are
network descriptors and interregional commodity flows. Separate networks are
defined for rail, highway, and waterways. Links in these networks are de-
scribed by speed and length. Less-detailed '"spiderweb" networks describe
interregional connections by air and pipeline. Base year (1972) interregional
flows among 173 Bureau of Economic Analysis (BEA) regions by commodity type
and mode have been derived from various surveys.

Forecasting with the NTP model involves a three-step sequential pro-
cess: (1) The base year flows are adjusted with growth factors that reflect
future change in commodity production. (2) Interregional commodity flows
are "split" by mode according to a mode-split model that is analagous to
parallel resistance current split in electrical circuits. (3) Mode-specific
interregional flows are assigned to their respective networks. Unlike the DRI
and Manalytic cost models, the NTP model does attempt to identify minimum-cost
routes by each available mode. However, its applicability as a forecasting
tool is somewhat limited by the strong influence played by adjustment factors
(which are interchange, commodity, and mode specific) fixed during calibra-
tion. Also, in its present form, the network impedance measures are fixed.
The volume of traffic and capacity restrictions does not alter the impedance
values. Algorithms for accommodating capacity restrained assignments are
available to the NPT model software; however, link impedance functions have
not been specified, and these algorithms have not yet been exercised within
the NTP model.
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PRINCETON - RAILROAD NETWORK INFORMATION SYSTEM1O

The Princeton Railroad Network (PRN) Information System evolved from
the Princeton Rail Network Model. The original model was a rail network
routing and assignment model. Like the COMSIS model, the original model
ignored capacity feedbacks; however, the distinguishing feature of the Prince-
ton model was its representation of rail interlining connections. Large
"quantum" impedances were invoked where poor cooperation between two separate
carriers could potentially exist. This feature provided the Princeton
model the unique ability to analyze the effect of line mergers.

In order to more efficiently and effectively use the varied modeled
outputs and large amounts of data, the Information System was developed.
The data structure in the PRN is built around a link-node format. More than
22,000 links and 20,000 nodes are included in this data base. Link data
includes distance, track class, ownership, trackage rights, grade, curve, and
interlining impedances. Nodal data include longitude, latitude, state,
county, ramp, and yard designations. The information system invokes efficient
computer algorithms for graphical display, manipulation, and editing of the
data base within an interactive environment.

The applicability of the PRN in analyzing coal transportation is
demonstrated by displaying available data from the 1978 ICC 1% waybill
sample and the 1979 coal utilities National Marketing Report. Measures
of interlining cooperation, railroad market dominance, length of hauls,

and traffic density are presented.
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CACI - MULTIMODAL NETWORK MODEL FOR COAL TRANSPORTATION ANALYSTS1!

The CACI Multimodal Network Model (MNM) is a multimodal network routing
and assignment model. Two features distinguish it from the two other models
of this type (COMSIS, Princeton). Recognizing both the competitive and
cooperative relationship of alternative modes, the multimodal CACI model
includes intermodal connection links where appropriate (for example, between
rail and barge). Also recognizing the competition of commodities for avail-
able transportation capacity, the CACI model includes a capacity restraint
feedback. The cost of transport is dependent on the volume of transport
and the capacity of the transport facilities. While the principle application
of the model is for coal transportation all commodity types are represented
because all commodities shipped compete for available capacity.

Required inputs to the model include interregional flows for all
commodities, network link and node descriptors, and functional parameters that
determine the shape of the link impedance functions. External modal simu-
lators are used to determine the shape of these functions for various classes
of links within each mode. In general, these functions have a U shape.
Initially, as volume increases, economies of scale reduce per unit costs.
But, as volumes approach capacity, there are diminishing returns. The CACI
model uses a minimum-path-finding algorithm similar to that used by the other
network routing models, however, in the CACI model this algorithm is itera-
tively exercised. Between iterations the link impedances are redefined to
agree with specified impedance functions. A quadratic programming technique
is used to insure that final network equilibrium is reached. The equilibrium
defines a shipper optimized solution: no shipper, acting alone can find a
less costly path. However, as a computation expedient these iterations
are sometimes performed only for coal movements. Other commodities are
assigned at the outset to 'prestress'" the network. Therefore, a true multi-
commodity equilibrium may not be reached.
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FRA - 1990 FREIGHT RAIL FORECASTS!Z

The Federal Rail Administration has forecast traffic flows along
national rail mainlines. The forecasting method consisted of a three-step
sequential modeling process. First, the volume of 14 commodity types (coal
included) originating and terminating within each of three railroad districts
was developed. Next, forecast flows between 129 analysis regions (aggregates
of BEA regions) were developed by factoring 1978 base year flows derived from
a 1% waybill sample so as to satisfy the district forecasts. Finally,
the forecast flows were assigned to links along minimum-distance paths along
the aggregated mainline rail network. The assigned freight traffic flows were
plotted on assignment maps that display the volume of traffic along each link.
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CRA - MODEL OF COAL TRANSPORTATION INDUSTRY INTERACTIONS!3

Charles River Associates (CRA), in a study of the implications of
the Stagger’s Act on coal transport, merged the National Coal Model (NCM) with
an early version of the CACI Transportation Freight Model (TFM). The NCM
generates interregional flows that are input to the CACI model. A shipment-
specific Train Cost Model (TCM) is used to determine both total variable and
fully allocated carrier costs. These costs are converted into allowable rates
according to the Stagger’s Act and input to the NCM. The process is repeated
several times. In practice, this process did not converge to an equilibrium;
because the two models each are based on different equilibrium assumptionms,
there is no a priori reason why their interaction would converge. However,
in spite of the resulting model oscillatioms, it was concluded that it is
important to simultaneously analyze both coal and transportation markets.
Although the choice of models and their linkage may be imperfect, an analysis
of the oscillations served as a convenient sensitivity analysis.

Analysis with the linked models concluded that in some instances
regional coal market penetration is extremely sensitive to transportation
price, implying that otherwise market—dominant railroads may not have great
flexibility in setting rates if a market is to exist at all. Because of this
transport price sensitivity, it is probably appropriate to disaggregate flows
at levels of geographic resolution considerably finer than are represented in
the NCM. Also, as transport costs are highly dependent on infrastructure
improvement, research is needed to forecast the magnitude and timing of these
investments and their impact on coal markets.
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ANL/U. OF PENN. FREIGHT NETWORK EQUILIBRIUM MODEL14

The Freight Network Equilibrium Model (FNEM) is a multimodal, multi-
commodity model of freight distribution and network assignment. The FNEM
explicitly represents the behavior of both shippers and carriers by employing
appropriate models for the different types of decisions made by each. The
shippers are modeled as a set of competing interests, each independently
seeking to minimize the delivered price of needed commodities. The resulting
flows are assigned over individual carrier networks according to logic that
seeks to minimize each carrier's cost. The user-optimized shipper model
identifies a solution such that no shipper, acting alone, can find a less
costly source of supplies. In this respect, the shipper perceived cost of
transport is along all competing paths that are of equal minimum average
cost. The system-optimized carrier model assigns flows such that the marginal
cost on any path used does not exceed the marginal cost on any other path.
By simultaneously distributing and assigning freight volumes, the FNEM avoids
the potential of model instability that can arise when otherwise independent
models are sequentially linked.

In its present form, the FNEM accepts commodity supply and demand at a
county level as generated by the TERA supply/demand disaggregation methodol-
ogy. As a consequence, both supplies and demands are strictly defined, thus
overconstraining the final model results. A more attractive extension of the
model would have the level of supply be dependent on the bid price and thus
sensitive to the demand level. This extension is currently being developed
by including supply links to the transportation system that have the familiar
U shape of link cost functions; at low supply levels, economies of scale re-
duce unit costs and as supplies approach production capacity (mine depletion),
unit costs rise.
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EPA-USDA INTERREGIONAL COAL ANALYSIS MODELL®

The Interregional Coal Analysis Model (ICAM) is the central component
in an integrated data storage, retrieval, and analysis system capable of
characterizing and analyzing coal market interactions. The ICAM is a standard
linear programming formulation that minimizes the purchase price, transpor-
tation cost, and energy conversion cost by determining the optimal flow of
coal between production and demand counties. However, to date the ICAM has
not been used to define these optimal flows. In an alternative mode of use,
the ICAM has been used to simulate coal flow by heavily constraining the
solution to replicate existing flow patterns. The basis for determining these
intercounty flow constraints is a continuously updated data base that des-
cribes coal reserves, mining, cleaning, transportation, and utilization
at the level of individual mines and power plants.

The ICAM is supported by three analysis modules that provide estimates
of the unit cost of coal purchase, transportation, and conversion. Derived by
linear regression, the mining module is an equation of mine mouth price as a
function of Btu and sulfur content, quantity mined, forecast years, and
union-contract renewal scheduling. Transportation costs are derived from the
Transportation Analysis System (TAS). TAS is coal-flow-assignment model,
developed by North Dakota State University, that simulates coal movements from
mine to power plant over a combined network of rail, barge, and pipeline
links. It uses capacity limitations for individual links while simultaneously
building an engineering cost for the movement. The utilization module is an
equation, also derived by linear regression, that relates the power plant's
capacity factor to its heat ratio, nonfuel operating cost, generating capa-—
city, and coal share of generation. This module provides an estimate of a
plant's coal requirement given a forecast-required electric demand.
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BOSTON UNIVERSITY - PORT EXPANSION SYSTEM!®

The Port Expansion System (PES) is a comprehensive coal transportation
market model that focuses on the location and allocation of transshipment
coal-handling facilities. PES is a mixed-integer, mathematical programming
model that seeks to minimize total costs for the system of transporting coal
to demand sites. The mixed-integer approach is used since the handling
facilities are discrete improvements and are therefore represented as either
available or not, e.g., zero—one integer variables. In actuality, PES is two
linked models, one nested within the other. Aggregate coal flows from mine to
power plant are estimated as continuous variables, through the traditional
linear programming transportation problem formulation. The transportation
costs are, however, dependent on the configuration of facilities at transship-
ment nodes. Within the transshipment nodes, the location/allocation of the
handling facilities is optimized for the specific transshipment volume through
the integer programming logic, which incorporates a relaxed linear programming
representation with a "branch and bound" search routine.

Recognizing that cost minimization is but one design criterion, the PES
has been exercised to investigate the tradeoffs of possible competing objec-—
tives such as minimizing transport delay and minimizing emission levels.
Through this approach, the PES can generate information to conmstruct a trade—
off frontier, which is useful in investigating the range of multiobjective
optima under alternative decision-maker-scale weightings.
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DRI - WORLD COAL DISTRIBUTION MODELL7

The World Coal Distribution Model is a collection of 10 separate
economic, energy, and transportation models that function together as a
comprehensive model of world coal transportation market interactions. The
main focus of the model is forecasting the distribution of coal between export
and import countries. The analysis is, however, detailed enough to examine
flows from a particular mine, along specific routes (rail and barge) to a
specific export facility on a specified type of ship to the import country
and, finally, to a specific end user.

The component models that constitute the World Coal Distribution Model
are processed sequentially. First, a set of international macroeconomic
models forecast demand for energy by production sector in all major indus-—
trialized nations. An econometric dynamic disequilibrium model identifies
the fuel mix and associated fuel prices that will satisfy the energy demand.
An analysis of exportable reserves in all major coal-producing countries,
a qualitative risk analysis considering numerous political considerations,
and an analysis of transportation rates and capacity limits are used to
determine the international coal flows.
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SUMMARY MATRIX

Table 1 is the matrix summarizing the salient features of the individ-
ual models as they have been presented in the preceding descriptions.



Table 1 Matrix of Coal Transportation Model Features
Model Function* Methods Scope Aggregation Comments
DRI - y
Coal C Econometric, accounting Multimodal, multi- Rail and barge, shipment ICC Form e qompat}ble;
Transportation commodity, present — specific, variable and user specifies sblpment
Cost 1995, national fully allocated cost routing information
Model estimates
Manalytics -
Coal C Engineering cost Multimodal, current, Rail and barge, shipment User specifies routing
Transportation long range, national
Cost or corridor
Model
TERA -
Coal S,D Historical trends, pro- Regional, national 1978, County level, utility and Requires aggregate inter-—
Supply/Demand portional allocation, 1990 interpolation for export sectors regional flows, county
Disaggregation differential minimiza- intermediate years economic activity, his-
Method tion toric supply and energy
use
DOE -
National S,D,P,F System optimized linear National, through 1995 18 coal types Assumes very crude
Coal programming with multi- 32 supply regions regional per ton mile
Mode 1 step minemouth prices 44 demand regions transport cost estimates
COMSIS -
National N,L Sequential mode split National, multi- 2600 rail nodes Separate networks, no
Transportation and minipath assignment commodity, multimodal 2600 hwy nodes intermodal representation;
Planning 1300 water nodes uses U.S. DOT/UMTA-UTPS
Model 20 commodity groups software, can be extended
to address capacity
equilibrium
PRINCETON -
Rail N,L Sequential unconstrained National, corridor, 22,000 rail node, links Explicit treatment of
Network minipath assignments, present to near (5 yr) by carrier ownership rail interlining and
Information interactive graphics term merger impacts; very
System sophisticated data
display
CACT -
Multimodal C,N,L User optimized minimum National, multi- 2200 nodes Ordinarily (at user option)
Network cost multimodal assign- commodity multimodal 3900 links with inter- network is "prestressed"
Model ment modal connections with other commodity flows

and coal is loaded last
== capacity constrained
by external cost functions

9¢



Table 1 (Cont'd)
Model Function* Methods Scope Aggregation Comments
FRA -
1990 s,D,F,N,L  Base year growth factor- National, ten years 15 commodity types, Minipath based on average
Rail ing, unconstrained (1990) multicommodity 129 regions, aggregated distance along aggregate
Forecast minipath corridor links links
CRA -
Coal R,S,D,P, Iterative application of National, multimodal, 18 coal types Sensitivity analysis of
Transportation F,N,L,C the DOE-NCM and CACL 1990 32 S/44D regions extreme rate vs. cost;
Industry network model 22,000 rail nodes model iterations did not
Interactions close - flows sensitive
to rates
ANL/U of PENN
Freight F,N,L,C Simultaneous flow and National regional multi- Intercounty flows, detailed Currently uses fixed
Network user optimized assignment modal, multicommodity, multimodal network (in county supply and demand,
Equilibrium followed by system short and long range northeast, 2258 nodes, extension to represent
Model optimized assignment 9799 links) supply function under
within each carrier investigation
network
EPA/USDA
Interregional SSDNE Ry Regression for S,D,P National, simulates Individual firm or county, Continuously updated,
Coal N,L,C system optimized LP present, not yet used to only coal, multimodal detailed and complete
Analysis for flows, minipath forecast flow data base; pre-
Model assignment scribes additional trans-—
> portation capacity where
needed.
BOSTON U.
Port Sy Dy ES K System optimized nested Regional, rail-water Individual mine and power Prescribes location and
Expansion N,L,C LP with integer variables intermodalism, near term plant flows, 9 coal types, allocation of coal
System to represent coal handling 8 coal handling components handling equipment at
facilities, minipath ports; uses multiobjec—
assignment tive function approach
for competing objectives
DRI -
World Coal s,D,P,F, Macroeconomics, econo-— International, long Capable of analyzing Models applied sequen-—
Distribution N,L,C metric dynamic dis-— range (20 yrs) individual shipments along tially, limited capacity
Model equilibrium, transpor- specified routes feedback

tation network model

*S - Supply, D - Demand, P - Price, F - Flows,

N - Network Routing, L - Link Loading, C - Transport Cost,

R - Transportation Rate.
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COAL TRANSPORTATION COST AND RATE MODELING

Dr. David L. Anderson, Vice President - Transportation Services, Data Resources, Inc.

Thomas J. Biggins, Director - Transportation Costing, Data Resources, Inc.

ABSTRACT

The paper describes a set of accounting and econometric models that
determine both current and forecast coal transportation costs for rail and
barge for specific movements (e.g., mine to consuming plant) by individual
carrier. Single car, multiple car, trainload, and unit train costs are avail-
able for railroads, while both non-dedicated and unit tows can be analyzed for
barge. The models generate individual railroad costs for both single carrier
and interline movements of coal as well as multi-mode flows involving any com-
bination of rail, barge, and truck flows.

After describing the rationale for and general features of the models,
a detailed description of the rail costing, rail unit train, and barge costing
models is presented. Next, procedures for modeling rail and barge rates are
discussed. Finally, a complete listing of inputs to and outputs from the unit
train costing model is presented.

OVERVIEW

Data Resources, Inc. (DRI) and Kearney: Management Consultants
(Kearney) have developed a service designed to meet the modal cost infor-
mational and forecasting needs of transportation professionals in the 1980s.
The next decade promises to be one of constant turmoil in the transportation
industry, with carriers adjusting to deregulation, and renewed competitive
pressures that alter historical cost structures for shipments.

Although carrier costs have always been of interest to shippers, rate
bureaus, and regulatory agencies, recent deregulation legislation has resulted
in increased demand for accurate and detailed carrier cost information.

As a result of deregulation, published rate dockets will give way to
individually-negotiated charges for transportation services. Those companies
able to negotiate lower transportation rates will profit. In order to negoti-
ate effectively in this new environment, transportation managers will require
detailed information on carrier costs. Failure to know and understand a
carrier's cost structure could potentially lead to unfavorable rate levels and
higher transportation costs.

The Transportation Costing Service provides quick access to individual
carrier costs. The costing models represent the current "state-of-the-art" in
carrier costing and are accepted as prima facie evidence by the Interstate
Commerce Commission.

The models also incorporate the latest technological changes in costing
data and methodology. This is evidenced by the work currently being performed
by Kearney for the Interstate Commerce Commission. In its work for the
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commission, Kearney is developing the 1979 Rail Form A cost data as well as
jointly developing the data base for the Uniform Rail Costing System (URCS).
This new costing system, although still in the experimental stage, is already
mounted on the DRI computer system and will be made accessible to users once
the new procedure is approved by the ICC.

GENERAL FEATURES

One of the most important features of the rail and barge costing models
is the ability to generate carrier-specific costs in a matter of minutes.
Specific point-to-point modal costs are accessed by users at their place of
work by typing into the DRI timesharing computer via a local telephone number.
The cost models and forecasts are maintained on DRI's multiprocessing
Burroughs B7700/B7800 systems, which represent one of the world's largest
commercially-available timesharing systems. The system is available for use
24 hours per day throughout the year.

No programming knowledge is required on the part of the user in
accessing carrier cost information. The quick access, easy-to-use models can
be used by staff with 1ittle or no knowledge of computers.

It is also important to note that if a user does not know the specific
answer to any of the optional questions, such as switching minutes, the
computer will automatically use the carrier's average. Help memos are also
provided.

The models have been developed by the largest team of transportation
cost analysts ever formed to support the development and ongoing management of
such an undertaking. This group ensures that the costing methodology in the
service is high quality and state-of-the-art. A critical portion of their
assignment is to monitor industry developments and incorporate these in the
cost models, bringing users the very best information there is to offer.

The Transportation Costing Models enable users to develop costs for
various modes. Individual carrier costs can be developed for single car,
multiple car, trainload, and unit train movements. In addition, barge non-
dedicated and unit tow costing models are available.

Currently, the Transportation Costing Service maintains the latest
approved cost information for 39 Class I railroads and over 240 regular route
motor common carriers. The irregular route model will have the capability of
accessing up to 750 individual carriers. This ability to access individual
carrier information allows the user to develop highly-specific shipment cost
estimates which are of significant value in rate negotiation sessions.

In addition to developing the total cost for specific point-to-point
movements, the variable cost can be broken down into its operational
components by carrier (i.e., freight train car costs, switching costs,
clerical costs, etc.). This feature facilitates rate negotiations by enabling
both parties to identify where they differ in their individual cost estimates.

The costs are updated quarterly to reflect interim cost increases and
can be forecast for a 10-year period by accessing DRI's projections of the
labor, fuel, and materials price increases. These forecasts are revised
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monthly and are based on a detailed analysis of individual modal cost
components. Railroad costs include both variable operating expenses (fuels,
lubricants, wages and supplements, other materials and supplies) and new
capital expenditures (new rail, ties, ballast, Jocomotives, railcars, and
other transportation equipment).

This capability allows the user to project transportation costs for
planning purposes and to evaluate which mode or transportation contract would
be most economic in the long run.

The models allow maximum flexibility in determining costs based on the
particular operating characteristics of the shipment. Costs can be easily
adjusted to reflect different car costs, re-load economics, and switching
operations which illustrate just a few of the system's sensitivity capabili-
ties.

In all, there are over 49 different questions which the user can answer
in determining specific rail carrier costs. The ability to quickly change any
one of these answers allows a client to re-run costs for different levels of
service or operations.

Since the models are intended to provide negotiation assistance for the
shipper, outputs are formatted to provide analysis of critical negotiating

points. These include escalation analysis graphics, cost recovery analysis,
and alternative rate of return analysis. These analyses are most useful in

justifying possible rate changes to a carrier, based on alternative oper-
ational or contract conditions.

In addition to assisting in negotiating better transportation rates,
the models have a number of other applications including:

0 forecasting a company's future transportation bill,
0 evaluating the costs of various levels of carrier service,

0 identifying which locales are better situated for establishing new
facilities because of low transportation costs,

0 negotiating favorable escatation agreements,
o} evaluating private fleet operations,
0 conducting competitive mode/routing analyses,

0 jdentifying those moves whose revenue/cost ratio exceed the
various thresholds established by the Staggers Act, and

0 regulatory proceeding support.
DESCRIPTION OF RAIL COSTING METHODOLOGY
Costs utilized in the Kearney/DRI proprietary rail computer costing

model are developed on the basis of an application of the Interstate Commerce
Commission's Rail Form A, ICC Statement No. IFI-73, Formula For Use in
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Determining Rail Freight Service Costs, to the expenses and statistics of
individual Class I linehaul railroads. Costs are also developed by applying
Rail Form A to the expenses and statistics of all Class I linehaul railroads
assigned to the seven designated regional territories according to the Inter-
state Commerce Commission's Statement No. ICI-77, Rail Carload Cost

Scales - 1977.

Rail Form A (RFA) is a costing procedure which apportions the basic
inputs of operating expenses and cost of capital among various transportation
functions such as yard switching, train switching, running, station, special
service, and general overhead. However, for costing purposes, Rail Form A
also separates those transportation functions into 45 cost service functions.

The principal source of the "basic inputs" to Rail Form A is the
individual carrier's annual reports to the Interstate Commerce Commission.
Other inputs are developed on the basis of special studies and/or from carrier
operating statistics.

Costs utilized in the Kearney/DRI model are developed on both the
variable cost basis, reflecting embedded debt cost of capital, and the fully
allocated basis. The fully allocated costs are developed using the dollar
(ratio) basis as well as the ton/ton-mile basis to allocate constant costs to
the movements at issue.

Variable costs represent those expenses which, over the long-term, vary
with the volume of traffic handled. Specifically, variable costs consist of
the variable portions of freight operating expenses, rents and taxes, and the
variable portion of the "cost of capital," excluding Federal income taxes.

When developing the fully allocated cost for a given movement, the
variable cost is calculated first and to this cost there is added an
allocation of the constant costs. To develop the constant costs per ton and
per ton-mile, the tons originated and terminated and the ton-miles are used
for the respective terminal and linehaul elements. The constant unit costs
per ton and per ton-mile are then applied to the respective tons and ton-miles
generated by a particular movement. The allocated constant costs thus
obtained are added to the variable cost per net ton to produce the fully
allocated cost per net ton. For the dollar basis an allocation ratio is
developed for each individual railroad and designated regional territory by
dividing the individual carrier or regional total costs (variable plus
constant) by that carrier's or region's total variable cost. The variable
cost per net ton for a given movement is then multiplied by the applicable
carrier or regional ratio to produce the fully allocated cost per net ton.

The aforementioned Rail Form A costs are updated to various wage and
price levels based on the Interstate Commerce Commission's update procedures
described in ICC Statement No. 1E3-78, Explanation of Rail Cost Update
Procedures. This update process was applied specifically to the operating
expenses, rents, and taxes, excluding Federal income taxes, incurred by each
participant in the movements at issue, and incurred by the group of carriers
assigned to the designated regional territories.

: The_costing procedures employed in the Kearney/DRI model follow the
basic costing methodology specified in the ICC's Rail Carload Cost Scales and
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further incorporates the cost methods employed by the Commission in Ex Parte
No. 270, Investigation of Freight Rate Structure of Railroads. These
procedures have been accepted by the Interstate Commerce Commission in
numerous proceedings as providing reasonable estimates of rail carrier costs.
Specifically, the variable costs reflect adjustments to recognize certain
transportation characteristics indicated in the movements at issue, including
the actual route of movement miles, actual lading weights, and car ownership,
whether privately owned or railroad owned. Where the car is other than
carrier owned, the car ownership costs are removed from variable and fully
allocated costs. Costs for each movement at issue are based on the specific
type of car used; and "way" and "through" costs are applied to single- and
multiple-car movements, and only "through" costs to trainload movements. The
basic adjustments made to the single-car, multiple-car, and trainload
movements are as follows:

Single-car movements - where the actual routing of the movement is
shown, Tinehaul costs are adjusted by removing the interchange costs included
on a loaded car-mile basis and substituting therefore the interchange cost per
car interchanged, using the actual number of interchanges from the routing
shown. This is done for both variable and constant costs.

Multiple-car movements - of five or more cars, terminal costs are
adjusted by reducing switching costs per carload on the basis of a sliding
scale adopted from the "Improved Regulatory Costing Methodology for
Railroads," published November 1977. Variable freight train car costs per
carload are reduced by 25 percent at origin and destination. Similarly,
station clerical costs per carload are reduced by assuming 75 percent of the
cost as being associated with the car and 25 percent as being associated with
the shipment. Linehaul costs are also adjusted to reflect actual interchange
costs where the actual routing of the movement is shown.

Trainload movements - of 50 cars or more, terminal costs are adjusted
by reducing switching costs per carload by 75 percent at origin and desti-
nation. Variable freight train car costs per cdrload are reduced by 50
percent at origin and destination. Furthermore, station clerical costs per
carload are reduced by assuming 75 percent of the cost as being associated
with the car and 25 percent as being associated with the shipment. Linehaul
costs are adjusted to reflect actual interchange costs where the actual
routing of the movement is shown. Further, intertrain and intratrain
switching costs per loaded car-mile are eliminated.

In addition to the adjustments indicated above, the following adjust-
ments are also incorporated when specified.

Actual Way Train Miles

Mileage Allowances

Actual Hourly and Mileage Per Diem

Actual Empty Return

Assigned Cars

Actual Car Tare Weight

Actual Inter/Intratrain Switches

Actual Switching Minutes (Origin and Destination)
Actual Switching Days

0. Actual Loading/Unloading Days

—_OVoo~NoOO W
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11. Transit Movement

12. Inspection

13. Grain Doors

14. Switching Minutes at Interchange
15. Actual Loss and Damage

DESCRIPTION OF UNIT TRAIN COSTING METHODOLOGY

The Kearney/DRI Unit Train Cost Model is designed to provide estimates
of the cost incurred by the railroad in providing unit train service. The
methodology draws heavily on the Rail Form A methodology described elsewhere
(ICC Statement No. IFI-73). However, the methodology incorporates engineering
estimates of the known impacts of unit trains on rail cost structure. Thus,
the model can be properly described as a hybrid between the accounting and
engineering approaches to rail costing. In this manner, the Unit Train
Costing Model emulates the railroad's own managerial cost estimates for unit
trains.

The term "unit train" refers to a specific type of operation. Unit
train operation is defined as service provided by use of an integral trainset
of identical cars moving between a single origin point and a single desti-
nation. In this operation, the only switching performed is usually to cut out
cars for maintenance. Generally, loading and unloading operations will be
performed within 12 hours or less.

The most important criterion in determining the applicability of the
Unit Train Model to a specific movement is the handling of the cars at origin
and destination. The model is only applicable if the set of cars in each
trainset is returned for another load immediately upon being emptied. In
other words, trainload movements which are essentially one way, where the cars
are nondedicated and are released for other service immediately upon being
unloaded, should not be costed with this model. The Kearney/DRI Rail Cost
Model should be used for these movements. It is assumed that unit trains will
not be classified en route nor will they be subject to any interchange
switching. Other than this limitation, the model can be adapted to a wide
variety of unit train operations.

Cost analysis for unit train operation is useful for a variety of
situations. In each one there will be different approaches to the use of the
model. Several common applications are discussed below together with comments
as to how to use the model for each.

General Planning. There are many situations where approximate rail
costs are required as a basis for forecasting rail rates in planning projects.
Examples of such projects would include: analysis of alternate coal or oil
sources, feasibility of bulk terminal locations, grain or coal marketing
studies, and projections of fuel price escalation on probable rail rate
levels. Such studies are more dependent on consistency of assumptions from
case to case than they are on the precision of the costs relative to actual
operations. In fact, detailed operational parameters are often upavailable at
this state of analysis.

The Kearney/DRI Unit Train Model may be used in this type of study
since it can be run with fairly generalized operational inputs. For example,
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average car costs will be used if specific costs are not available. Also, if
specific carriers have not been identified, regional average rail unit costs
may be employed.

Operational Analysis. Costs of unit train operation can vary
substantially as operating parameters are changed. Different train sizes,
numbers of locomotives, trips per year, turnaround times, and car types can
yield costs which vary plus or minus 30% or more around an average. Often,
the analyst is called upon to determine the most economical set of operating
parameters. The Kearney/DRI Unit Train Model is ideally suited to analyze
such a problem.

Contract Rate Negotiations. An operational analysis is often a
preliminary to preparation of a contract rate proposal. In addition it is
frequently important to determine the cost jmpact of varying volume levels on
a given operational pattern. Other decisions in contract development relate
to escalation formulas and establishment of a reasonable base rate. The
Kearney/DRI Unit Train Cost Model is an indispensable tool for such analysis.

Beyond its capability to test various operational and volume
variations, the model provides highly-detailed cost outputs. Costs are broken
down into the following major categories:

Labor

Fuel

Materials

Car Ownership

Locomotive Ownership

Fixed Plant Investment
General and Administrative
Allocated Constant Costs

o~NOOPWMN -
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With this breakdown, highly-refined cost escalation methodologies can be
developed and tested before actual carrier negotiations.

DESCRIPTION OF BARGE COSTING METHODOLOGY

The DRI Transportation Service Towboat and Barge Cost Model analyzes
variable costs and fixed costs for towboats and barges which operate on the
inland waterway system. Historical data on barge and towboat operating
expenses are provided by the Army Corps of Engineers. This data contains cost
items for 11 types of towboats and 15 types of barges. A total of 9 cost
items are included for each towboat type, while 5 jtems are included for each
barge type. Equipment annuity (return on investment) is the major expense
category for barges, accounting for approximately 70% of total barge costs,
while wages and fuel are the major expense items for a towboat, accounting for
approximately 60% of total towboat costs.

The models can be used to cost out point-to-point movements of
commodities among any two specific points on the U.S. navigable river system.
Operating costs are provided by river segment allowing analysis at the most
detailed level of operations. In addition, the individual movement costs are
also projected, using historical weights for each cost category to develop a
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movement-specific forecast. The user may also specify a towboat/barge con-
figuration for a specific cost index forecast.

In all, 11 towboats and 15 barge types can be used to construct tow
configurations that correspond to actual movements on the U.S. waterways
system:

Towboats

Description

Towboat -
Harbor 400-600 HP

Towboat -
Line Haul 800-1200 HP
Line Haul 1400-1600 HP
Line Haul 1800-2000 HP
Line Haul 2800-3400 HP
Line Haul 4000-4400 HP
Line Haul 5000-6000 HP
Line Haul 6100-7000 HP
Line Haul 7100-8000 HP
Line Haul 8100-9000 HP
Line Haul 10,000 HP

Barges

Description

Deck 130' x 35!

Deck 175' x 26'

Open Hopper 175' x 26'

Open Hopper 195' x 35'

Covered Hopper 175' x 26'

Covered Hopper 195' x 35'

Double Skin Tank, Coiled, Lined 195' x 35'
Cylindrical Tank, Pressure 195' x 35'
Cylindrical Refrigerated 280' x 50'
Tank, Single Skin 195' x 35'

Tank, Single Skin 240' x 50'

Tank, Single Skin 290' x 50'

Tank, Double Skin with Coils 195' x 35'
Tank, Double Skin with Coils 240' x 50'
Tank, Double Skin with Coils 290' x 50'

Nine cost concepts are analyzed for each towboat type. They are:
Fixed Costs

ROI Return on Investment (Equipment Annuity)
Admin Administration and Supervision
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Variable Cost

Wages Wages and Fringe Benefits
Fuel Fuel

Maint Maintenance and Repairs
Supp Supplies

Subsist Subsistence

Ins Insurance

Other Other Expenses

Five cost concepts are analyzed for each barge type. They are:

Fixed Cost
ROI Return on Investment (Equipment Annuity)
Admin Administration and Supervision

Variable Cost

Maint Maintenance and Repair
Ins Insurance
Supp Supplies

The barge cost model is used to develop coal transportation costs by
movement (both current and forecast) for either all waterway or multi-mode
flows. The basic methodology involves use of both accounting and econometric
relationships to determine barge costs. The procedures can be modified to
deal with fleeting, unit tow, changing tow configuration, and other issues.

The models are used to plan new distribution systems involving water-
ways transportation. Full consideration of existing and planned waterway user
charges is included in the barge costing analysis.

MODELING RAIL AND BARGE TRANSPORTATION RATES

Deregulation of the U.S. rail industry will introduce an entirely new
set of relationships between modal rates and costs over the next 10 years. An
avowed purpose of the Staggers Rail Act is to make rail transportation rates
more closely aligned with movement costs over the long term. Thus, analysis
of current and future relationships between rail coal rates and costs requires
two different procedures: one reflecting current (and transitional) con-
ditions and the second emulating long-term expectations. At present, DRI
regards 1985 as the division point between these two regimes, with rates in
the post-1985 period more directly related to underlying movement cost
structures.

Forecasting rail coal rates for the pre-1985 period involves looking at
the following factors: rail costs, commodity market conditions, modal domi-
nance issues, and escalation agreements. Rail costs are a primary, if not
dominant, factor in rate forecasting, often accounting for as much as 60% of
the variation in rates over time. Whether markets served by the railroads in
the commodity movements are strong or weak also has an influence on rates.

For example, the high demand for export coal has resulted in rapid increases
in some rail export coal rates, changes that have little to do with movement
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costs. The degree of modal competition associated with the movement (whether
other railroads, barge, or truck) also influence rail rates. Direct relations
exist between high levels of competition for a movement and a lower rate,
compared to similar moves, with 1ittle competition. Finally, certain rail
coal contracts have built-in escalation clauses for rates that specifically
state procedures (e.g., rates escalate at 80% of the Association of American
Railroads' rail cost index) that must be considered in the analysis. As a
result, a customized rail rate escalation procedure must be developed for each
rate under analysis. No general rail rate determination procedures can be
used, given the wide discrepancy in factors that may influence a particular
rate.

For the post-1985 period, rail rates are generally escalated in
accordance with expected cost increases, which are corrected for rail produc-
tivity increases (not done for the pre-1985 rates). The specific assumptions
that rail productivity gains (a) will occur after deregulation and (b) should
be shared with shippers is perhaps controversial but is realistic when long-
term forecasts have to be made. DRI assumes that more sophisticated shippers
who modify their operations to make physical distribution less expensive for a
railroad will want to share in these benefits via lower rail rates.

Corrections for shipper- versus carrier-owned equipment must also be
made. The actual procedure is to escalate the rates based on costs using
current equipment, with higher cost escalators in the period after new equip-
ment must be purchased for the move.

In sum, rail rate determination and forecasting is a complex process
that rquires not only a detailed analysis of current factors influencing rates
but a multi-stage forecasting procedure that accounts for expected structural
changes in rate-making during the 1980s. Each movement must be analyzed
separately, and a rate escalation procedure devised that best fits future
expectations.

For barge, rate determination will also become more complex in the
1980s due to the imposition of waterway user charges. At present, DRI esti-
mates barge rates by adding an appropriate rate of return on investment to
barge operating costs. Some analysis of barge availability is also done if
short-term market conditions indicate that this is an important factor.

In the long term, the principal issue is how barge operations will
include user charges in rates. DRI is currently using different levels of
user charge impacts on rates, depending on the potential divertability (to
other modes) of the movement over time.
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APPENDIX

UNIT TRAIN COSTING MODEL OUTPUT
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FRACTIONFORMs, WRITE function, enhancements to graphics. Type NEWS

?LOAD @TCS/UNITTRAIN
LOADING @TCS/UNITTRAIN AS TCS/UNITTRAIN

#HH A.T. KEARNEY / DRI UNIT-TRAIN COSTING MODEL

HHH PLEASE NOTE: THE COST ESTIMATES PRODUCED BY THIS UNIT-TRAIN

#H## MODEL ARE FOR PLANNING PURPOSES ONLY, AND ARE NOT SUITABLE

H#H FOR REGULATORY PROCEEDINGS, CRITICAL NEGOTIATIONS, OR FINAL

H#HH OPERATIONAL OPTIMIZATION. TYPE 'SEE DISCLAIMER' FOR MORE DETAIL.

HHH TYPE °'DO COSTING', TO RUN THE UNIT-TRAIN COSTING MODEL.
?D0 _COSTING

H#HHH ENTERING UNIT-TRAIN COSTING MODEL --
HHH TYPE °'GENHELP' FOR A LIST OF GENERAL RESPONSES (E.G. 'STOP',
H#H 'CORRECT 5'), OR TYPE 'HELP' FOR QUESTION-SPECIFIC ASSISTANCE.

HHH  TINPUT SECTION:

1. What prompting verbosity do you want (LONG or SHORT)?
LONG

2. Enter origin point name:
DEEP MINE

3. Enter the destination point name:
POWER PLANT

4. Enter first 2 to 5 digits of STCC code:
1

5. Enter tons per year:
1600000

6. Enter trips per train set per year:
160

7. Enter the number of train sets:
1

8. Enter the number of cars per train:
100
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9. Enter the type of car or code for specified car data:
HELP
TYPE OF CAR

Eight standard car types are provided by the model. Specifying
the car type dictates the cost of the car (replacement cost),
the empty weight and the weight of the lading The eight
standard types are listed below:

CAR LADING

cosT WE IGHT WEIGHT

1. Standard High Side Gondola 36500 <[0iis) 100.0
2 High Capacity Gondola 36000 26.3 102.0
3. Rapid Discharge Hopper 43000 3370 98.0
4. Tank Train Car 58000 g903 85.0
5. Covered Hopper 39000 30.8 100.0
6. RR Purch. Open Hopper East 37000 29.8 100.0
7 RR Purch. Open Hopper - West 38500 0 100.0
8. RR Purch. Open Hopper - Special 39500 3.3 100.0

If a car of a different specification is being considered,
specify car type 9 and answer the questions asked by the
system.

9. Enter the type of car or code for specified car data:
3

10. Enter the total round trip time(hours):

a8

11. For each movement leg, enter the carrier initials, a comma. and the
mileage (e.g.. 'ATSF 1215"'). FIRST LEGY

SP,600

SECOND LEG (OR <CR> IF DONE):
ATSF,400

THIRD LEG (OR <CR> IF DONE):

12. Enter the number of locomotives:

13. Enter the car status (P=private, C=carrier owned [non-dedicated], D=
carrier owned [dedicated])
C

14. Do you want to skip optional input questions?
NO
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15. Enter cost of car (dollars):
36500

16. Enter the lading weight (tons)
100

17. Enter weight of car (tons):
30.5

18. Enter cost of locomotive: (R=replacement value,H=historical cost,or
dollar value)
750000

19. Enter the locomotive status (D=dedicated,N-non-dedicated
D

20. Enter cost of capital:
18

21. Enter loss and damage (dollars per net ton):

Do you wish to see a table of your inputs?

NO
Do you wish to make any corrections?
NO

11/9/81

KEARNEY/DRI TRANSPORTATION COSTING SERVICE
UNIT TRAIN COSTS - LEVEL B.O INDIVIDUAL
---------- BASIC DATA ---------
CAR TYPE: RAPID DSCHRG HPPR

ORIGIN: DEEP MINE DESTINATION: POWER PLANT

STCC CDDE: 11000 TONS PER YEAR 1600000
TRIPS/TRAINSET/YR: 160 TRAIN SETS: 1

CARS PER TRAIN: 100 ROUND TRIP TIME: 48

LOCOMOTIVES: & CAR STATUS: CARRIER (NON-DED.)

---------- MOVEMENT CHARACTERISTICS - - -----



COST OF CAR:
WEIGHT OF CAR:
LOCOMOTIVE STATUS:
LOSS & DAMAGE:

FIRST LEG:

LABOR

MATERIALS

FUEL

MISC. EXPENSES

EQUIP OWNERSHIP
LDSS AND DAMAGE

TOTAL VARIABLE COSTS

OPERATIONS
ROAD INVESTMENT
MISC INVESTMENT

TOTAL

TOTAL VARIABLE COSTS
TOTAL FIXED COST
FULLY ALLOCATED COSTS

Do you wish to see a de
YES

43

$36500 LADING WE1GHT : 100

30.5 LOCOMOTIVE COST: $750000

[NON-DED.] COST OF CAPIVAL: (18%]
o

MOVEMENT BREAKDOWN
SP. 600 SECOND LEG: ATSF,

VARIABLE COSTS ($/TON) ---------~

4.909
1.476
3.100
| st
0.946
0.030

12.020

= S FIXED [COSTS ($/TONDEE ===t

DOLLAR TON AND
RATIO TON-MILE
ME THOD ME THOD
3.169 3:357
2..367 2937
0.365 0.436
5EG O 6.730

~- COST SUMMARY ($/TON)----------

DOLLAR TON AND
RATI1O0 TON-MILE
12 .0 12.020
5.901 6.730
179 18 751

tail cost summary?

Page

1
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111/9/8/1
HHHHWHHHHAH COST DETAIL FOR SP RAILROAD WHHHHNHNHN

MATERIALS  MISC.
VARIABLE COSTS ($/TON) LABOR AND FUEL EXPENSES TOTAL

MAINTENANCE OF WAY 0.788 0.364 0.430 1.582
LOCOMOTIVE OPERATIONS 0.476 08295 0.033 0.804
FUEL 0.000 1.798 0.000 1 798
TRAIN OPERATIONS 0.224 0.064 0.110 0.398
CREW COSTS 1.081 0.003 0.030 1.064
CAR OPERATIONS 0.238 OIS 0.214 0.586
STATION EXPENSES 07172 0.005 (0} {0}/ 0.205
MISC. MAINTENANCE 0.000 0.000 0.000 0. 000
GEN. AND ADMIN. 0.290 0.014 0.332 0.636
SUBTOTALS 8.220 RIGTH. sy 75072

LOSS AND DAMAGE o18

(o]

LOCOMOTIVE OWNERSHIP 0 506
CAR OWNERSHIP 0.432
CABOOSE OWNERSHIP 0.007
TOTAL VARIABLE COSTS 8.036
FIXED COSTS DOLLAR TON AND

($/TON) RATIO TON-MILE

OPERATIONS 1.962 =378

ROAD INVESTMENT S0 1.816

MISC INVESTMENT 0.299 0.340

TOTAL FIXED COSTS 3.857 4.127

FULLY ALLOCATED COSTS DOLLAR TON AND

($/TON) RATIO TON-MILE
TOTAL VARIABLE COSTS 8.048 8.048
TOTAL FIXED COSTS 3.857 4.127

FULLY ALLOCATED COSTS 11.904 422075
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HHHHHNNHHH COST DETAIL FOR ATSF RATLROAD HHHHHHIHIN

MATERIALS MISC
VARIABLE COSTS ($/TON) LABOR AND FUFL FXPENSES TOTAL

MAINTENANCE OF WAY 0.611 0.404 0.179 1.194
LOCOMOTIVE OPERATIONS 0.213 0.177 0.021 0.411
FUEL 0.000 1.302 =0 029 1.281
TRAIN OPERATIONS 0.091 0.009 0.036 0.136
CREW COSTS 0.517 0.000 () folofz) - (o)iEw )
CAR OPERATIONS 0.021 0.000 0.006 0.028
STATION EXPENSES 0.065 0.002 0011 S Oro7R
MISC. MAINTENANCE 0.000 0.000 0.000  0.000
GEN. AND ADMIN. 0.170 0.005 0.158 0.333
SUBTOTALS 1.689 1.900 0.384  3.972
LOSS AND DAMAGE 0.012
LOCOMOTIVE OWNERSHIP 0.000
TOTAL VARIABLE COSTS 3.985
FIXED COSTS DOLLAR  TON AND
($/TON) RATIO TON-MIIE
OPERATIONS 1.207 1.386
ROAD INVESTMENT (o). 717/} 1.122
MISC INVESTMENT 0.066 0.096
TOTAL FIXED COSTS 2.044 2.604

»

FULLY ALLOCATED COSTS DOLLAR TON AND

($/TON) RATIO TON-MILE
TOTAL VARIABLE COSTS 3.972 3.972
TOTAL FIXED COSTS 2.044 2.604
FULLY ALLOCATED COSTS 6.017 6.576

Do you wish to see a cost forecast?
YES

ENTER STARTDATE FOR OPERATIONS AS 'YEAR:QUARTER' (E.G. 83:2)
81:4
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VARIABLE COST
% CHANGE YEAR AGO

FULLY ALLOCATED - DOLLAR
% CHANGE YEAR AGO

FULLY ALLOCATED - TON MILE
% CHANGE YEAR AGO

VARIABLE COST
% CHANGE YEAR AGO

FULLY ALLOCATED - DOLLAR
% CHANGE YEAR AGO

FULLY ALLOCATED - TON MILE
% CHANGE YEAR AGO

VARIABLE COST
% CHANGE YEAR AGO

FULLY ALLOCATED - DOLLAR
% CHANGE YEAR AGO

FULLY ALLOCATED - TON MILE
% CHANGE YEAR AGO
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QUARTERLY
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MANALYTICS COAL TRANSPORTATION COST MODEL

Bertram F. Rifas
Vice President
Manalytics

ABSTRACT

The Manalytics model focusses on developing the costs for a PARTICULAR
shipment, defined in terms of the route followed, the equipment used, the
time frame for the costs, the trip operations required, the terminal opera-
tions required, and the intermodal transfer operations required.

The model is set up and applicable to rail, barge, lake vessel, and
coastal vessel modes, and to origin, destinations, and intermediate coal
transfers.

The description of the model, the default parameters, the original
Fortran program statements, and sample output pages are given in two volumes
published by EPRI, Report EA 675 and Report EA 675-Appendix 1. A proprietary
improved Fortran program is not published.

The paper read at the seminar was an overview of the material presented
in the EPRI reports, augmented with references to current examples of appli-
cations of the model for proprietary clients.

The research needed to facilitate widespread use of the model includes
a study of the detailed route characteristics of the coal carrying railroads,
and of the applicable detailed unit costs for coal trains. The following is
a reprint of the summary of the rail cost model from EPRI report EA 675.
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SUMMARY

BACKGROUND

In 1976, the Electric Power Research Institute published a preliminary
appraisal of the ability of the domestic transportation infrastructure to
move significantly increased amounts of coal.* The study found that some
portions of the rail and waterways networks could become congested if the
projections of greatly increased consumption of coal by utilities were
realized, and if the capacity of the transportation system remained at
its present level.

Subsequently, EPRI authorized a second study, to develop a set of
computerized transportation cost models; to verify the earlier identifi-
cation of potentially constrained rail and water links, using refined
measures of capacity; and to estimate the variable coal transportation
costs that would be added by the diversion of excess coal traffic from
the constrained routes to alternative, unconstrained routes (all-land,
land-water, or all-water). The costs added by rerouting were assumed
to be a measure of the economic value of expanding capacity on the
congested routes.

The study covered interregional movements of coal. It did not assess
local collection and distribution capabilities or the demands that might
be placed on those capabilities in future. In computing the capacities
of origin/destination routes, we did not consider the existence of
deteriorated roadbeds or of weight limitations or other constraints
imposed by local communities or states. Nor did we consider institutional
impediments to the free movement of unit trains from one carrier's line to
another, such as inter-carrier competition, differing work rules, non-
compensating revenue splits, and incompatible freight rates. All of these
factors can reduce the capacity of a route ands thus increase the rail
congestion and the costs attributable thereto.

Because the great majority of utility coal shipments move by rail,
the study emphasizes that mode. The waterways systems will, however,
continue to be used as an alternative to rail transport in interregional
movements not considered in this study (because the rail routes were
unconstrained), and will be used even more in intraregional movements.
To the extent that water carriers are used for such interregional moves,
the demands on the rail system will, of course, be lessened.

THE COST MODELS

The cost models provide a basis for computing the variable operating
costs associated with moving coal from mines to power plants (fuel, labor,
equipment, and maintenance). Given the large amounts of coal moved by

*Coal Transportation Capability of the Existing Rail and Barge Network,
1985 and Beyond, prepared for the Electric Power Research Institute by
Manalytics, Inc., 1976 (EPRI, EA-237); available through Research Report
Center, P.0. Box 10090, Palo Alto, California 94303.
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utilities, even shifts of a few cents per ton in these costs can mean
hundreds of thousands of dollars in freight charges annually. The
models can also be used in conjunction with other data for selection
of coal sources and plant sites.

Three computerized coal transportation cost models were developed:
one for rail; one for inland river, Great Lakes, and coastal ocean
waterways; and one for origin/destination loading/unloading and for
transfer of coal between rail and barge at intermodal transshipment
points. The models calculate the costs of owning, maintaining, and
operating transportation and related equipment, including:
propulsion equipment (locomotives or tugboats), load-carrying equipment
(hopper cars or barges), crew costs, fuel costs, maintenance costs,
other operating costs, and the cost of capital. They offer a variety
of operating options, involving unit trains or through trains; towboats
dedicated to a set of barges or towhoats that swap barges at one or
both ends of a trip; train or flotilla size; trip distances; rail
terrain; rail regions for wage-rate distinctions; barge trips over open
water, over pools behind locks, and through locks; intermodal transfer;
and (for deepwater transportation) self-propelled or towed vessels,
vessel size and draft, and trip distance.

The models use basic technical performance and cost values developed
for our analyses (the default values). Other users, however, can
override the default values with their own measures of technical per-
formance and cost. The default values are variable costs, which account
neither for overhead nor for profit, although other users may assign
overhead or profit to the parameters as needed. The exclusion of
overhead and profit from the default parameters means that income tax
effects, such as investment credits, are not included in the calculated
costs. Furthermore, because the cost relationships developed in the
study are based on the assumption that trains (and barges) return empty,
the actual rates offered utilities may differ significamtly from these
average costs, even after allowing for overhead and profit. Such
factors as track maintenance allowance, availability of backhaul
cargo, interchange agreements, and noncoal traffic can have substantial
impacts on costs, and hence on rates. Consequently, it is important that
costs derived from using the default values be construed neither as
full costs nor as suggested rates, especially as the default values
are industrywide averages, which may not reflect local conditionms.

The rail model calculates train speeds and fuel consumption from
track grade and curvature, locomotive power, and number and weight of
railcars. Running times are calculated from the result. Running times,
added to line-haul and terminal delays, yield operating turn times.
Unit-cost parameters for labor and equipment, applied to the operating
turn times and then added to the fuel cost, yield the total round-trip
cost.
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The waterways and transfer models calculate costs much as the
rail model does; that is, operating turn times are calculated from tech-
nical parameters (such as flotilla size, towboat power, and loading
rates) and then applied to unit-cost parameters.

THE CAPACITY ANALYSES

General rail link capacities were derived as a function of
signaling system, track configuration, and train speed. We first
developed formulas for estimating the maximum capacity on five combina-
tions of track configuration and signal system, assuming ideal conditions.
We then reduced those maximums to a practical operational level that
allowed for coordinating and scheduling trains so that interference
delays were manageable and acceptable.

The capacity estimates, developed as they were from normative
operating procedures, must be qualified as follows for a given length
of track: waiting time may differ where managements are willing to
bear the added expense of periodic high congestion through crowded
links in order to achieve greater throughput. Longer trains would reduce
the number of trains needed to transport a given amount of cargo and
could thus effectively increase the net tonnage capacity of a 1ine,
1f trains have unequal priority (as they have not in this analysis),
passing would degrade some lines; if more down time is required for
track maintenance (wear is a particularly severe problem where heavy
coal trains run), the capacity of the link will be reduced proportionately.

The measures of capacity used for the inland waterways were based
on actual experience. The principal constraints on waterways capacity
are locks; as the facilities become congested and the flotillas must
wait to lock through. River operators consider that a lock has reached
its practical capacity when the average waiting time at a lock exceeds
six hours per flotilla. .

Transfer facility capacities were not considered as a critical
constraint on the coal transportation network in this study because,
with rerouting, the rail network by itself has the capacity to transport
the projected interregional coal traffic, even without intermodal
routing. In reality, the capacity of existing transfer facilities is
insufficient to handle projected intermodal coal traffic, with the
increasing volumes and changing coal flow patterns. As the increases in
utility coal traffic materialize, however, construction of transfer
facilities, as well as loading facilities at mines and unloading
facilities at power plants, can be expected to respond to demand. Large
intermodal transfer facilities are already expected to respond to demand.
Large intermodal transfer facilities are already being built on the
lower Mississippi River, the lower Ohio River, and Lake Superior.

CALCULATING THE COSTS OF CONGESTION
All rail links identified as constrained in the preliminary study

were reexamined to determine more precisely whether those links and
their connections would be sufficient for greatly increased loads.
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We applied the practical track capacity formulas to the 1974 rail link
data obtained from United States Transportation Zone Maps.* On the

few links where projected traffic flows exceeded the capacity estimates,
we identified alternate routes with excess capacity sufficient to handle
the excess traffic on the constrained route. We then used the cost
models to calculate the marginal (per ton) and total annual added

costs associated with the supplemental routings.

In the 1976 report, the direct, short-line route was defined as
the most economical route. We refined our treatment in this analysis
by calculating actual train turn times and fuel consumption over these
routes. In some cases, an alternative, longer route over flat land,
for example, was found to have lower cost than a direct route with
high curvatures and severe grades. Therefore, we identified the rail
route with the lowest operating cost as the primary rail route and
used the higher-cost routes as supplementary alternatives in calculat-
ing the costs added by congestion.

We considered water transportation as an alternate to land
transport wherever it could provide a viable large-scale means of
interregional coal transportation. In presenting waterways alternatives,
however, we are not projecting modal splits for long-haul coal transport
but are merely examining practical optioms.

The refined capacity measures and the cost models were used to
evaluate:

o the marginal cost per ton of using the lowest-cost unconstrained
land route to supplement each constrained route for the coal
tonnage the constrained route could not carry;

o the marginal costs of substituting water routes, with or without
intermodal transfers, for constrained land routes;

o The total annual added costs of using supplementary least-cost
unconstrained all-land, land-water, or all-water routes;

o the comparative annual costs on identified routes where all-water
or land-water transportation provides a lower delivered cost
to the consignee than all-land transportation.

From these evaluations, we determined the potential impacts of constrained
rail links on coal transportation costs for the electric power industry, in
sum or by region, as illustrated in Figures 1 and 2. The identified
overloads are symptoms of conditions that can be corrected through such
remedies as rerouting or improvement of the rail system. (Indeed, certain
railroads are already implementing expansion plans.)

The marginal transport costs depicted in Figure 1 show the least-
cost route in the example accommodating approximately 50,000,000 tons
(at $4.60 per ton) before it becomes congested. Movements between
50,000,000 and 120,000,000 tons are diverted to the next least-cost
alternate route, at an increase of $0.20 per ton ($4.80). 1In

*U.S. Department of Transportation, Federal Railroad Administration, Office

of Policy and Program Development, 1975 (Washington, D.C.: Government
Printing Office, 050-005-00012-7).
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this example, six increasingly costly alternate routes are required in
order to move 320,000,000 tons between the mining and consuming regions.

As long as coal traffic is less than 50,000,000 tons, there will
be no congestion and therefore no added annual variable transport
costs (Figure 2). Above 50,000,000 tons, the added variable costs would
increase fairly uniformly, to $93,000,000 per year if the coal movements
totaled a high maximum of 320,000,000 tons.

The variable costs developed in this study are naturally less than
carrier rates and, as stated earlier, must not be construed as full
costs or rates. (Because railroad costs have a larger fixed-cost
component than waterways costs, variable costs tend to be a lesser
proportion of rail rates.) Variable costs are appropriate measures
for comparing the consequences of alternative routing caused by
congestion because the inclusion of allowances for fixed costs, not
wholly dependent on routing, would mask definite differences in variable,
out-of-pocket costs.

CONCLUSIONS

Our capacity reassessment and cost analysis showed that the rail
network (assuming the trackage is maintained at serviceable levels for
heavy, unit trains) is capable of transporting the projected inter-
regional movements of coal and other commodities -- but it will do so
only with an investment in upgrading or at a cost for rerouting.

By testing the capacity of the rail system, we detected three
networks susceptible to potential congestion —-- two involving movements
from the Rocky Mountain states to the midwestern and south central
states, and one from western Appalachia to central and east Texas and
Louisiana:

o If the Montana and Wyoming coalfields develop as sources for
the midwestern and south central utilities, rail utility coal
traffic up to 50,000,000 tons per year will incur no added
variable costs due to congestion. Any traffic beyond this
amount will require expansion by some method, such as upgrading
the system or rerouting around the direct routes. The variable
transport costs for rerouting will increase to an average
variable unit cost of from $4.60, at the practical throughput
level, to $5.10 per ton, at the maximum throughput level
considered (320,000,000 tons per year). If 320,000,000 tons
did in fact move annually, the added cost due to congestion
would be $93,000,000 per year. The notional centers that
represent power supply areas whose costs would be affected
by rerouting are Pierre, Denver, Omaha, Des Moines, Topeka,
Kansas City, Milwaukee, Chicago, Detroit, Cleveland, Spring-
field, St. Louis, Oklahoma City, Dallas, Baton Route, and
New Orleans.
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o If New Mexico coal becomes the energy source for the power supply
areas represented by Lubbock and Houston, Texas, up to 26,000,000

tons per year could move along the direct route at an average
of $3.73 per ton. At the maximum throughput considered
(40,000,000 tons annually), variable transport costs would

rise to $5.03 per ton, at an added cost of $11,000,000 per year.

o If central and eastern Texas and Louisiana are supplied from
western Appalachia, up to 28 million tons per year could
move at an average of $3.16 per ton. By 120 million tons
the variable transport cost would be $4.36 per ton, adding
$63,000,000 to costs. At present, little coal moves among
those areas; should federal emission standards be relaxed
or scrubber technologies come into use, the coal flows could
increase substantially.

o The waterways systems (inland, lakes, and ocean) will continue

to be important in coal transport; they will continue to compete

successfully for intraregional and interregional coal movements.
Their ability to alleviate major portions of the potential
rail congestion, however, will be severely limited by the
congestion on critical waterways.

Two of the rail networks discussed above had coal movements completely

or partially susceptible to diversion to water routes. Utility coal
movements from Montana/Wyoming to Detroit and Cleveland could be
diverted at Duluth, at an annual savings of $26,000,000, ‘assuming
maximum throughput levels. This saving accrues not only because the
annual variable water cost is $9,000,000 lower than the rail cost but
also because the diversion of coal movements from the rails decreases
the congestion on the rail network for an additional annual savings
of $17,000,000. The Kentucky rail movements to Baton Rouge are also
amenable to water transport. At maximum throughput levels, the
$63,000,000 per year added by rail congestion could be reduced by
$29,000,000 if alternate water routes were used. (The lower variable
water cost, by itself, amounts to $12,000,000 per year; the other
$17,000,000 saving per year would result from reducing congestion on
the rail network.)
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THE COST MODELS

One of the three computerized models developed in this study
calculates variable railroad transportation costs; another calculates
variable waterways transportation costs; and the third calculates the
variable costs of origin/destination loading/unloading and of transferring
coal between transport modes. The railroad and waterways models
assess the ownership, maintenance, and operating costs of transportation
equipment during operational cycles. The transfer model does the same
for facilities that transfer coal between a stockpile and a transport
mode and between transportation modes.

This discussion outlines the structure of the models and summarizes
the default values. The annotated programs (written in FORTRAN IV),
with operating instructions, parameter labels, sequence of steps, and
default logic, appear in the user's manual (a separate volume) .

In general, the models are used as represented in Figure Bl s
provide deterministic cost analyses for coal movements over the land
and/or water routes specified by the user. The user either selects
transportation equipment whose parameters are already stored in the
models (the default values) or furnishes parameter values for other
equipment.

For the rail and waterways models, the user must provide data
describing the physical features of the route, link by link. In the
railroad model, this includes grade, curvature, length, and speed
limits for each link of track, along with stopping points, crew change
points, and helper locomotive changes on the route. Links are specified
in the waterways model in terms of running speeds, delay times, currents,
and speed limits. In the transfer model, the user selects equipment
from the default parameters.

The cost calculation structures of the three models are similar,
overall, as represented in Figure 4. 1In the first stage, technical
parameters are combined with operating-option parameters to calculate
the cycle or turn times of equipment in a delivery cycle. Fuel consumption
and crew requirements are included at this stage in the waterways and
rail models. These cycle times for equipment are then increased by
availability and utilization parameters to allow for time lost to
maintenance and repairs. By the end of this stage, the models have
simulated equipment activities for every phase of the delivery cycle,
including the empty return hauls, and have calculated equipment cycle
times, crew requirements, and fuel consumption. These results are
applied in the second stage to cost parameters, inflated as necessary
from the base year to any year specified by the user, to yield a cost
per equipment cycle. The equipment cycle cost applied to the amount
of coal transferred per cycle yields a cost per ton of coal. Default
cost parameters are based on 1975 costs--that is, for operations that
began in 1975. Equipment costs are based on costs of equipment
delivered during 1975, so the equipment prices are given at a level
negotiated before 1975. The models print both base-year and inflated
cost parameter values, along with the technical parameters, SO USers
can verify the values used.
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The three models calculate leveled costs, not dynamic cash flows.
For example, the acquisition costs of capital assets (plus interest)
are leveled over the life of the equipment, using a simple capital-
recovery approach--that is, a constant proportion of the initial cost
(plus interest) is charged to each year of operation. This proportion
is the recovery factor, and the annual charge is the annual ownership
cost.

The recovery factors used in determining the default cost parameters
were derived so that the discounted present value of the annual owner-
ship cost over the life of the equipment, including the present salvage
value, would equal the initial cost of the equipment. This is equivalent
to saying the annual ownership cost equals the constant annual payment,
which covers both principal and interest of a 100 percent debt-financ-
ing arrangement, where the term of the debt equals the life of the
equipment. Income tax effects were not included in these derivations,
but users can accommodate them by modifying the default cost parameters.

All three models use a 10 percent annual discount rate and a 20
percent salvage value. These assumptions yield annual recovery factors
of 0.1252 for equipment with a 15-year life, 0.1140 with a 20-year life,
0.1082 with a 25-year life, and 0.1049 with a 30-year life.

The practical, operational cycle times computed by the models
include delays that would occur normally during operating cycles.
They do not include repair time or time spent by railcars or locomotives
in idle backup status. These times are accounted for in the model by
expanding operational time to an ownership time that represents the
total amount of time equipment must be owned in order to provide the
particular operational service time. Ownership time is derived by
dividing operational time by an active-time parameter (the product of
utilization and availability factors) or the proportion of total owner-
ship time that equipment is in an operational status. A towboat, for
example, is normally in operating status except during its annual
dry-dock work. In comparison, active-time parameters for railcars must
include not only repair time, but also the time some cars spend idle
in backup pools. Values for active-time parameters are discussed later
in this chapter. Ownership cost parameters applied to the calculated
ownership time yield ownerships costs per cycle.

In general, the models produce costs for equipment, crew, maintenance
and repair, fuel, and miscellaneous operating supplies. Maintenance
and repair involves some capital costs for investment in replacement
parts, which are leveled into the maintenance cost parameters. Miscel-
laneous costs not otherwise coupled to equipment performance are
included as auxiliary costs, which are based on coal traffic. An
example of an auxiliary cost in the transfer model would be the cost
of delivering coal by truck to the loading point. The special character-
istics of the individual models, their performance parameters, and
default values are discussed below.
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As stated earlier, the default values are industry averages and
include neither profits nor overhead, although these and tax factors
can be specified by users. Costs derived from the default values must
therefore not be mistaken as full costs or tariff projections.

THE RAILROAD COST MODEL

This model uses the input route description to simulate the round-
trip performance of the train and then applies cost parameters to
produce the coal transportation cost over that route. At a minimum,
the route description must include length, grade, and curvature of
the track sections on the route. When appropriate, users can also
supply minimum and maximum speed limits on sections of track and can
specify points where crews are to be changed, helper locomotives are
to be added or removed, and trains are to stop and wait (at a siding,
for example). Users can change any default cost or performance parameter
value. The general steps for preparing input data for the model are
diagramed in Figure 5

The model simulates the behavior of the loaded train over the route.
Speed is determined by comparing the physical resistance of the train
(calculated by taking into account rolling, aerodynamic, grade, and
curvature resistance) and the tractive forces of the locomotive consist.
Fuel consumption is derived from the effective physical work performed
by the locomotives. Helper locomotives are automatically added to
trains to accommodate steep grades, unless specified otherwise by the
user. Fuel consumption and passage times are tabulated for use in the
cost calculations. Equipment times associated with the loading and
discharging at origin and destination are included. The trip times
over the route, which include the impact of acceleration, deceleration,
and intermediate stops, are estimated for both the loaded and the
empty direction. The model essentially calculates fuel consumption
and equipment hours over each section of the route; it then accumulates
the equipment hours, fuel consumption, crew work days, and crew overtime
and excess mileage costs that occur during the line hauls in both
directions. The activities that take place along the route are printed.

The model then applies cost parameters to the equipment to compute
line-haul costs. Costs per train cycle, per coal ton, and per coal
ton-mile are estimated and printed. Finally, the values of both the
input and the unchanged default parameters are printed for verification
by the user.

Costs produced by the model are classified as line-haul costs and
terminal costs. The former are incurred by the train between origin
and destination; the latter are incurred when the equipment is being
turned around at origin and destination. The model calculates these
costs for either a unit train or a through train. In the unit-train
option, the rolling stock is dedicated full time through train. In
the unit-train option, the rolling stock is dedicated full time
(allowing for maintenance and repairs) to the service of hauling coal
from an origin to a destination and returning empty. In the through-
train option, rolling stock is assembled to form a coal train upon
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Figure 5, continued
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demand. (Cars are picked up from loading stations and assembled

into a train at the line-haul origin; the train moves to the line-haul
destination; the train is broken up and the cars distributed to unload-
ing stations; the train, reassembled, returns empty to the loading
stations.)

Line-haul and terminal output costs (produced from the cost
parameters as indicated in Figures 6 and 7) can be categorized as

follows for the two options:

1) Line-haul costs, unit-train and through-train options

o train crew, including supervision and fringe benefits
o fuel, lubricants, and train supplies

o locomotive and car maintenance and repair

o locomotive and car ownership

o roadway maintenance, incrementally dependent on the
train weight

2a) Terminal costs, unit-train option

o locomotive and car maintenance and ownership during
loading and unloading

o train crew during loading and unloading

2b) Terminal costs, through-train option

o locomotive and car maintenance and ownership during
train assmebly at line-haul origin and disassembly at
line-haul destination

o train crew during assembly and disassembly at line-haul
origin and destination

o auxiliary car pickup and delivery from and to loading
and unloading stations

The total dollar value in a cost category is the sum of the relevant
cost parameters multiplied by the activity bases computed in the simulated
operation. Each cost parameter is intrinsically related to an activity
base, as indicated by the terms used to describe the cost parameters.

In an obvious example, the parameter 'distance-based car maintenance
cost ($/car-mile)" uses car-miles as a base and is itself used to produce
maintenance costs.
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Time Based Locomotive Maintenance X X
($/1ocomotive hr)
Locomotive Ownership X X
($/10comotive hr)
Time Based Car Maintenance X X
($/car hr)
Car Ownership X X
($/car hr)
Basic Daily Crew Cost X X
($/crev day)
Car Pickup & Delivery Cost
($/coal ton)

Figure 6
TERMINAL COST CATEGORIES AND COST PARAMETER RELATIONSHIPS

FOR RAILROAD MODEL
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Figure 7
LINE-HAUL COST CATEGORIES AND COST PARAMETER RELATIONSHIPS

FOR RAILROAD MODEL
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ITime-Based Locomotive Maintenance X
($/1ocomotive hr)
Distance-Based Locomotive Maintenance X
($/1ocomotive mile)
Distance-Based Enginehouse Supplies X
($/1ocomotive mile)
Locomotive Ownership X
($/1locomotive hr)
Time-Based Car Maintenance %
($/car hr)
Distance-Based Car Maintenance X
($/car mile)
Car Ownership X
($/car nr)
Basic Daily Crew Cost X
($/crew day)
Excess Mileage Crew Cost X
($/excess mile)
Excess Time Crew Cost X
($/overtime hr)
Incremental Roadway Maintenance b
($/gross ton mile)
Diesel Fuel X
($/gallon)
Lubricants X
($/gallon)
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The Default Values

The representatives of twelve railroads who reviewed our cost
parameters generally expressed concern that the variable costs calculated
in our model could be mistaken for full costs. Four made suggestions
regarding variations in work rules, treatments of crew fringe benefits,
and equipment maintenance costs, which were incorporated in the default
parameters.
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FREIGHT NETWORK EQUILIBRIUM MODEL
SUPPLY AND DEMAND
DISAGGREGATION METHODOLOGY

Robert E. Brooks, President, TERA Consultants, Inc.

ABSTRACT

Methods developed for disaggregating coal and non-coal commodity
supplies and demands to the county level from regional forecasts are
presented. These methods were developed by TERA for use by Argonne
National Laboratory in evaluating the environment impact associated with
conversion of 42 powerplants in the Northeast region form oil to coal.
They form the basis for the database used by the FNEM algorithms for
projecting 0/D and link flows on a detailed rail and water network repre-
sentation of the U.S. coal transportation system.

OVERVIEW OF THE FNEM MODEL

PURPOSES OF THE MODEL

The Freight Network Equilibrium Model (FNEM) was developed by a
team consisting of Transportation and Economic Research Associates, Inc.,
Tera Consultants, Inc., and the University of Pennsylvania under contract
to the Argonne National Laboratory. The work was funded by the Economic
Regulatory Administration of the U.S. Department of Energy for the primary
purpose of evaluating the impact of the proposed conversion of 42 power-—
plants in the U.S. Northeast from oil to coal. The model was to be used
to identify sources of supply for these FUA powerplants, to project link
and path flow volumes for both coal and non-coal commodities, to identify
potentially congested links in the rail network, and to project modal
shares for coal transport.

MODEL REQUIREMENTS

The development of this model is based on a number of requirements
established by ANL and the study team.

The first requirement is that detailed forecasts of coal movements
on the transportation network are needed in order to identify potential
difficulties in the implementation of the Fuel Use Act in the Northeast.
Second, these forecasts must be consistent with regional forecasts of coal
supply and demand previously developed by Data Resources Inc. for ANL.
Thirdly, the model should represent the actual behavior of decision makers
involved in coal movement on the rail network as faithfully as possible.
Finally, the state-of-the-art in mathematical programming algorithms should
be used in solving the resulting large scale model.



69

STRUCTURE OF THE MODEL

To meet the requirements of the previous section the TERA team
developed a system which is shown schematically in Figure 1. This figure
shows the primary database and programs used in the FNEM system.

The model is driven by regional forecasts of coal supply and demand
from the DRI National Coal Model over the 1980-1991 time frame and by the
DOT projections of rail freight originations and destinations by rail
traffic regions for 1990.

The non-coal commodity forecast is processed by a program developed
by TERA for disaggregation of traffic region supplies and demands down to
the county level. The program also interpolates projections for 1985 based
on the 1978 actual and 1990 DOT forecast and extrapolates to 1991 as well.

Coal supply and demand forecasts from DRI are based on a
breakdown of the continental U.S. into a relatively small number of regions.
These regions are shown in Tables 1 and 2. To be of use in the FNEM model,
these are disaggregated to the county level and then reaggregated to the
desired level. Two implementations of FNEM have been developed so far. In
the first version (the Northeast model), DOT transportation zones were used
as the basis for reaggregation. In the second version (the National model) ,
FRA traffic regions were used. The latter are based on post-78 BEA's and
have been dubbed by TERA as traffic BEA's or simply TBEA's.

The final dataset required to run FNEM is the network representation
of the rail and water transportation system.

This database must include information on physical location OEEEracks
age, distances, junctions, free speed, signalling and density which are
parameters needed in specifying cost functions for each link.

»

For the Northeast model this network begins with the FRA rail network
database. This database is processed by programs which reduce its size by
eliminating "dummy and logical" links and nodes which are not needed by the
FNEM model. These dummies were apparantly used to assist certain previously
developed algorithms to solve network flow problems based on this network
and to provide certain conveniences in using the database for mapping of the
rail network.

To this reduced form rail network TERA has added additional links
needed for coastwise movements of coal by water. Together the rail and
water networks make up a detailed and reasonably faithful representation of
the coal transport network in the u.s.

One additional network has been developed and implemented for the
FNEM National Model. This network is based on the DOT/TSC Transportation
Network Model (TNM). From TNM TERA has extracted the basic rail and water
linkages and some of the access and intermodal transfer links. To these
TERA has added additional linkages to coordinate this network with the TBEA
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MULTICOMMODITY
RAIL FREIGHT MODEL
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Figure 1 FNEM Model Structure




Name

No. Appalachia

So. Appalachia

Midwest

Montana-Wyoming

Colorado-Utah

Arizona-New Mexico

Lignite*

71

Table 1

Coal Supply Regions

* Special region added by TERA.

Name

New England

Middle Atlantic

South Atlantic

East North
East South
East South
West North
West South
West South
Mountain 1
Mountain 2
Mountain 3

pacific

Central
Central
Central
Central
Central

Central

DRI Code Numeric Code
A at
B 2
S )
D 4
E 5
B 6
= 7
Table 2

DRI Code Numeric Code
NENG 1
MATL 2
SATL 3
ENC 4
ESC1 5
ESC2 6
WNC 7}
wsCl 8
WSC2 9
MTN1 10
MTN2 1Ll
MTN3 12
PAC 13

MD,
AL,
1L,
MT,
co,
AZ,
TX,

DRI Coal Demand Regions

ME,
PA
DC,
OH,
AL,
MA
(i
MD
DE
RI
NY
NJ

SEates
OH, PA, WV(N)

E.KY, TN, VA, WV(S)

IN, W.KY

WY

A

NM

ND
States

N VT

VA, NV, GA, FL, SC, NC
Wy I8, ME, Th

MS, KY, TN

All others



72

level supply and demand vector from the disaggregation routines.

These databases (detailed network, supply, and demand forecasts)
are then fed into the two-phase FNEM solution algorithm developed by the
University of Pennsylvania component of the team. This program first com-
putes origin-destination flows, the decision variables associated with the
shippers in the transportation sector. These are the decision makers who
say how much they want shipped from here to there based primarily on tariff
schedules. The model then takes the point of view of the carriers who
decide the actual routing of each O/D shipment. These routings depend on
actual costs of shipment and on congestion at various points in the network.

Output of this program consists of the 0/D flows, link flows, and
path flows. In addition the transportation costs and delivered costs are
also computed. These outputs are processed by various report writer pro-=
grams to reduce the output to tabular form for further analysis.

MODEL RESULTS

The FNEM models have been exercised over a variety of scenarios by
ANL as a part of its environmental impact study of FUA conversions for
DOE/ERA. Reports of its findings should be available from ANL in January of
1aga.

FNEM DISAGGREGATION MODEL

The following sections describe the essential factors necessary
for an understanding of TERA's disaggregation methodology developed for
this study. This exposition is based on the FNEM National Model. The
methodology developed for the FNEM Northeast Model is very similar except
that its level of aggregation is the transportation zone rather than the
traffic region (TBEA)

NON-COAL COMMODITIES

From the DOT Freight Forecast for 1990, 0/D movements for 15
different commodities have been estimated at the TBEA level of detail. €l
these movements XL for commodity i between origin j and destination k.
Then supply and de%and for each TBEA (1-129) are computed using the following

equations:

1179
i3 :k=.l *i 9% (L
ALEC)
e (2)
But since the x.. refer to 1990 flows, the s,. and d,, would also be for
1990. Since DOT hasjalso provided 1978 values fo%]each O}E movement from

1% Waybill statistics, one can interpolate for 1985 and extrapolate to 1991
using the average geometric growth rate between 1978 and the 1990 forecast
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year. Let X be the flow value for 1978 of commidity i between origin J
and destination k. Then the corresponding annual growth rate of rijk is given
by:

il
i
rijk = xijk = /xijk)12 (3)

and equations 1 and 2 (expressed for the years 85 and 91) become:

585 —1§9 X r5 (4)
15 k=1 A =l
120
o1 1Lz
i PR e o (5)
ij =] dgke ik
L)
85 5
Qe =Y i e (6)
ik =i 17k vijk
20
91 = ¥ 13
Six = xijk rijk (7)

To compute county level non-coal originations and destinations, a
disaggregation is performed based on county level value added in manufacturing
(VAM) . Using v_ for value added in manufacturing for county n and N. for
the set of all counties in TBEA i, the disaggregation model for non-coal
commodities can be written as:

el LR (®)
in i ‘n'meyy m
91 91 ’
SR c e/ v
in 55 nmz(:N = (9)
k
il 91
Sie—s s Sy /S Y (10)
in i B e
J
85 85
= 1
din dik Vn/ D m L
m(Nk

These county level values can now be reaggregated to any level
which involves aggregations of counties (such as transportation zones for
the Northeast model) .

COAL SUPPLY/DEMAND DISAGGREGATION

The basic idea of the coal supply and demand disaggregation method-
ology is to convert regional level coal forecast data afrom the DRI coal
model to the county level. This data can then be reaggregated up to the
TBEA level (or any other level using counties as building blocks) .
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Supply Disaggregation

Disaggregation of DRI regional supply data to the county level is
achieved in a manner similar to that in the Northeast model. Some
differences are necessary, however, due to the fact that very high growth
rates in some Western coal production areas are expected in comparison to
the more developed North Appalachian region used in the Northeast model.
Thus coal supply growth rates are allowed to be greater in the National
model. In addition the average sulfur content of coals mined in each
county is not restricted to be exactly the same as the average sulfur
content of coal reserves in that county as in the Northeast model but is

penalized if it is not.

The mathematical formulation of the supply disaggregation model is:

n
Min s D F (Y s i w7 A S (SOt A GV (D M ) (12)
S ik 1 A A ag ik 1
SieCa
Qr, + YY, - 2Z, = Q78i 2 SUMPk/SUMQk (13)
6
SIS O =S () (14)
j=l JJ3E 5
6
.E X, + S - 52 FouLE | S aan i (15)
Jf=it
> R PRI 3
ien, I J (16)
k
S &
QTi = 5 Q78i e
QT, < RES,/20. (18)
T-78
<
QTi_ Q781 (1L + .25) (19)

27 S
At all

or; Xy, ¥Y, 72, sY, 20 (20)

’
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Symbol definitions in this model are as follows:

fi: weighting factor inversely proportional to Q78i

YYi: negative difference between forecast production and extrapolated
production in county i (see discussion below)

Zzi: positive difference between forecast production and extrapolated
production in county i

SXi: negative difference between forecast and historical average
sulfur content in county 1i.

SYi: positive difference between forecast and historical average
sulfur content in county i

pP.: 1978 average price of coal in county il
QT.: forecast quantity of coal in county i

Q78i: 1978 quantity produced in county i

SUMP, : forecast production in DRI region k containing county i

SUMQk: 1978 production in DRI region k containing county it

xji: forecast production of sulfur class j in county i
Aj: average sulfur level in sulfur class J
PRij: forecast production in DRI region k of sulfur class j

»

RESi . reserves in county 1

T : forecast year (T B, ere i)
The significance of each expression in the model is described below.

Expression 12 is the objective function to be minimized. It contains
the weighted sums of deviations from historical production trends in total
quantity and sulfur contents and the mine mouth cost of coal  produced.

This objective function tends to promote production levels in accordance
with historical patterns and to minimize total mine mouth cost of coal at
the same time.

Equation (13) defines the positive and negative deviations between
forecast and historical production levels.

Equation (14) defines total county production as the sum of county
production in each sulfur class.
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Equation (15) defines the positive and negative deviations between
forecast and historical average sulfur contents.
Equation (16) is an identity which constrains total production of
sulfur content j coals in counties i within region k to be equal to the

DRI control total for that region.

Equation (17) limits forecast production to a minimum of 50% of
historical level.

Expression (18) limits forecast production to a maximum of 5% of
total reserves.

Expression (19) limits forecast production to a mazimum of 25% annual
growth since 1978.

Finally, expression (20) simply states that all model variables are
non-negative.

Note that the parameter values in (17) to (19) are arbitrary and can
be set by the modeller to any particular values of interest to him.

This model is solved as a linear program using IBM's MPSX routine.

The results are written out to a file of county level production by
year and by sulfur type.

A final step in this method involves a program which aggregates

county level coal production up to the TBEA level for use in the National
model .

Coal Non-FUA, Domestic Demand Disaggregation

For the national model the coal disaggregation methodology is
designed to allow for great flexibility in the selection of DRI regional
breakdowns. All that is required is that the DRI regions be aggregates
of states and that there be no more than 13 such regions.

To set up the disaggregation method one first creates a data set
containing the regional compositions for each DRI region. This simply
consists of a list of state codes (FIPS) followed by a number from 1 to
1284

The demand disaggregation program is then invoked to estimate county
level shares of each of the thirteen DRI regions in the national breakout.
This is done by using historical levels of non-utility coal consumption from
the EPA and projections of future coal generating capacity from FERC. These
data are first aggregated to the county level. Then all county level pro-
jections in each of the 13 regions are summed to get regional totals.
Dividing county values by regional totals gives an apportionment fraction
for that county which is then used to factor DRI non-utility and utility
(non-FUA) regional forecasts for 1985 and 1991 down to the county level.

These county level demands are then added together and aggregated up
to the TBEA level to give total domestic non-FUA coal demand to be used in
the national model.
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FUA Demand Disaggregation

FUA demands by powerplant are estimated and forecast on the basis of
projected utilization of coal by each plant within a given DRI region. Thus
if two or more plants are in the same region, the FUA demand in that region
is allocated to the plants according to their expected consumption in that
year which is also based on their coal fired capacities. It is assumed that
sulfur category percentages for each FUA plant in a particular DRI region
are the same percentages as for total demand in that region. Thus both the
national and the Northeast model include each of the 42 conversion candidate
powerplants as distinct nodes with their own demands for each of the six
coal types.

Export Demand Disaggregation

In an exactly analagous manner, export demand at 10 ports around the
country is projected using estimated capacity in place of estimated consump-
tion at FUA plants. Where two or more ports lie within a single DRI region,
capacity is used to apportion that regional export demand to individual
ports.

CONCLUSION

This report has summarized work performed by TERA in the develop-
ment of disaggregated supply and demand vectors for the FNEM national and
Northeast models. The subject of disaggregation is an important one since
very frequently modelers find themselves in a position where level of
regionality of various components of their model and database do not match.
Techniques for aligning these data in a rational manner are therefore
highly desirable. =

In this paper such methods for disaggregating coal as well as non-—
coal projections to the county level have been described. These methods
have been successfully employed by ANL in its exercise of the FNEM model
for evaluating the environmental impact of the proposed FUA conversions in
the Northeast.



78

COMPONENTS OF THE NATIONAL COAL MODEL
AND USE OF AN AUXILIARY TRANSPORTATION MODEL

William Orchard-Hays

Data Analysis and Forecasting Branch
Coal Division, Energy Information Administration

In a way, I am here under false pretemses, I have only
been working with the Data Analysis and Forecasting Branch of
the Coal Division for about a month. My main assignment is
to improve the National Coal Model, or NCM, but I don't yet
know a great deal about coal and only a bit about the model.
So I am here more to gain knowledge than to impart any
wisdom or experience.

0f course, I am not a complete stranger to modeling
in general or to Department of Energy (DOE) models in partic-
ular. I worked intensively on the Midterm Energy Market
Model (MEMM) for over ten months before moving to my present
assignment and had looked somewhat more superficially at
other models (including the NCM) during the year preceding
that. Before joining the Energy Information Administration
(EIA), I was at the International Institute for Applied
System Analysis, known as IIASA, near Vienna, for over four
and a half years and came in contact with many models,
most notably the supply and demand models used in their
extended Energy Program. I cannot but be struck by the
difference in emphases between IIASA and EIA. At IIASA, it
was on long-term dynamic considerations; at EIA it is much
more on detailed infrastruture in the short-term.

In the case of MEMM, a great deal of complexity is
introduced by the handling of transportation. MEMM could
be broken down into its various submodels quite easily
except for transportation and, to a lesser extent, utilities,
which permeate a large part of the model structure. When
dealing with coal as the main subject, the problem of trans-
portation becomes monstrous. Although it is represented
in the NCM, it is done with what are essentially oversimplifi-
catilansy It has been, and still is, intended that a trans-
portation model be used in conjunction with the NCM. This
leads to two critical questions: what transportation model,
and how closely should it be coupled? I have no ready
answer to the first and only a preliminary opinion on the
second, namely that the coupling should be very loose. How-
ever, this may not accomplish the purpose.
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1 was originally instructed to report omn a study
that was done for the Coal and Electric Power Branches by
Charles River Associates, Inc., (CRA). However, since CRA
will report on that study s clive s s T eyt S sit=elaid s
describe the NCM and then say something on our needs for a
supporting transport model and what I believe it should do.

To facilitate the evaluation of issues concerning
coal, the EIA maintains the NCM, a highly disaggregated
representation of coal supply, transportation and demand.
This computerized model is designed to project the future
llevelis ot UsS-coal ‘production, transportation, consumption
and prices, and to permit analysis of coal-related issues.
Using standard LP formulation, it generates an equilibrium
solution that balances coal supply and demand requirements
by coal type for each T elgtonieaL e objective is to minimize
the total cost of satisfying specified coal and electricity
demands. Nearly 20,000 activities include building and
dispatch of different types of power plants, transportation
of coal by different modes, and interregional transmission
of electricity. Approximately 3,000 constraints represent
such conditions as limits on reserves, long-term contracts,
transportation capacities, sulfur emission limits, transmis-—
sion links and power plants construction.

The NCM projects and provides detailed output reports
on all key attributes of the coal and electric utility
industries by region and by target year. At present, the
model provides projections for the years 1985, 1990 and
1995. For the coal industry, projections are provided for
production by method of mining, consumption by sector,
supply prices, and coal distribution and transportation
quantities and costs. For the electric utility industry,
projections are made of generation, capacity utilization
and expansion, pollution control equipment requirements,
pollutant emissions, fuel use by coal and non-coal type,
and costs of capital, fuel, operations and maintenance, and
pollution control.

Activities may be grouped into five major components
of the NCM: electricity demand, non-utility demand for
coal, electricity generation and transmission, coal trans-
portation, and coal mining and preparation. The electricity
demand component takes into account base, intermediate,
seasonal peak, and daily peak load requirements in each of
the 44 demand regions. Electricity demand is treated as
inelastic with respect to its own price and estimates of the
loads are derived exogenously.

Non-utility demand for coal consists of six sectors:
metallurgical, export, industrial, new industrial, residential
and commercial, and synthetic fuels. The levels for these
demands are also specified exogenously and they are treated as
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inelastic with respect to coal price. The demands are
satisfied by reducing the quantity of coal available for
electric utilities at a given price.

The electricity generation technologies represented
are steam and combustion turbines, combined cycle power
plants, hydroelectric plants, and nuclear reactors. Turbines
may be fired by coal, gas, distillate 0il, or residual fuel
0il. Hydroelectric may utilize either pondage or pumped
storage. Plants are assigned to each load category in
order of increasing cost per kilowatt-hour subject to
restrictions on plant-load combinations. Where coal-fired
plants may be and are operated in other than base load,
additional operating costs are explicitly modeled. This
component also models the impact of differing S0y emission
standards. For example, if an existing plant is retrofitted
with a scrubber, additional capital and O and M costs are
incurred and the loss of capacity and increased fuel require-
ment for the scrubber are also taken into account.

Coal stocks in each demand region are differentiated
among 19 coal types. Eighteen are grouped into three ranks
-- bituminous, subbituminous, and lignite -- each of which
comprises six sulfur levels. The 19th type is metallurgical
coal. Conversion of coal from physical units of supply to
Btu's, in which regional stocks are maintained, is done by
the transportation component. Also the 40 types of mined
coal are reclassified into the 19 types here. Coal is
assumed to be transported from a centroid in each supply
region to a centroid in each demand region over a specified
route. Transportation costs are measured as a per-ton
charge and are not differentiated by transportation mode.

Finally, there is the mining and preparation component
of the model. There are 31 supply regions. Price-sensitive
supply curves are specified exogenously, as generated by
the Reserve Allocation and Mine Costing submodel (RAMC).

The supply of a specific type of coal in a supply region is
given as a function of the minimum acceptable selling price
(MASP). These are multi-step functions.

With this much detail, and there is more that I
haven't mentioned, it is easy to see why the LP is so large.
0f course, a considerable amount of detail is built into
the coefficients by the generator which gets the information
from tables of various kinds. Thus the LP is really
selecting from multiple choices for many options. Perhaps
I should point out that the model is not really dynamic.

The different target years are based on precomputed inputs;
in fact the 1990 and 1995 cases are simply revisions of the
1985 case which are solved starting with the optimal 1985
basis. These revisions do, however, take into account the
1985 solution.
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The NCM is operated by means of a SUPERWYLBUR macro
which has four options: G for generate (ilen nethel s 985
model), L for solve the LP, P for reporting a solution and
also forwarding information for revisions, and R o
revising the model to either 1990 or 1995. These options
can be combined as GL, RL, LP, GLP or RLP. Numerous files
are required or generated. For the generate step, 8 input
files are used, representing the various assumptions of the
case. I won't go into further details now since this is an
area which I expect to be examining further in the near
future.

In spite of its size -- about 3,500 rows, 19,000
columns, 90,000 elements, plus ranges and bounds -- running
time for the LP is not excessive. The standard LP software
we have today, running on the biggest machines, can manhandle
such monsters in a surprisingly short time. (When I think
back nearly 30 years when we were first developing LP, it
seems unbelievable.) Of course, solution time is not the
only measure; such systems utilize vast amounts of machine
resources. Although the NCM is now automated for use, I
regard it as still rather clumsy operationally and quite so
internally. This is an area which I intend to attack and
am confident that a great deal can be done to streamline
the overall complex. Indeed, I am anxious to get started
since this is the kind of work I enjoy. But before I can
fully plan all that needs to be done or gain a sense of
confidence in the final effectiveness, the question of
adequate handling of transportation must be resolved.

In their report, CRA laid out some of the fundamental
problems in modeling the coal-transport, sectors. That is,
even ignoring size and profileration of detail, there still
remain problems. For one thing, coal transport and market
production are truly simultaneous and it is not possible to
view one sector as cause and the other as effect. This can
be appreciated by considering the decision process of a
major utility selecting a site for a major new pilant SO
the choice they make affects capital investment in the
transport network, this will affect decisions for follow-on
plants by the same or a different utility.

CRA also points out that because of the changing
nature of determinants of market interaction, certain kinds
of economic analysis simply do not apply, for example,
econometric studies using historical data or whenever long-
run equilibrium must be assumed. It also cannot be assumed
that unobserved factors remain constant in effect.  SEor
example, regulatory and environmental issues arise and
cause substantial changes. It would be difficult to untangle
the regulatory and price effects in an historical econometric
study. They point out further that the most difficult
conceptual issue that must be treated in an integrated model
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is the indeterminacy in expected equilibrium price and pro-
duction outcomes. To build a model, a specific rule for
resolving this indeterminacy must be specified, or at least
a mechanism for specifying it for each case must exist.

Let me point out that the NCM does produce an
equilibrium. Its weakness is that transportation costs are
not only exogenous =~ which is probably unavoidable in
liight "o £ the difficulties outlined above -- but they do not
reflect either mode or the effects of demands generated by
the model solution, nor do they properly account for capital
investment. It seems that the use of scenarios combined
with a grand iterative scheme is the only practical approach
to achieving more realism and credibility in results. That
is, even though we are not really planning, we must make
assumptions very much as though we were, with some sort of
faith that our great economic engine will in fact do the
necessary things. Viewed differently, we should be able to
point out where capital investments, say, would be beneficial
and profitable. But to make such a modeling complex practi-
cally usable, we need something better than a transportation
model which takes 90 minutes of CPU time and as many SUuUp-
porting files and programs as the main model itself.

I believe what we need is a much simpler transporta-
tion model, not aggregated in the ordinary sense, but
ignoring details which have no bearing on the results sought.
For example, questions of preferred routings or carrier
options to use own-line routes are really of no importance
A s iEuation of limited capacities. So-called shipments
are really abstract aggregates and a single routing will
probably not accommodate such a total anyway. If actual
shipper A wants his goods to go by route X, that is a
matter to be decided at a finer level of resolution than
we are interested imn.

It seems to me that we have, essentially, a four
dimensional complex on which numerous constraints are
defined. These constraints are mostly linear plus a few
special side conditions. This, of course, is for a static
situation. The complex consists of nodes -- both origin
and destination —-—, modes of transport, and types of load.
The modes of transport implicitly define arcs. Associated
with each node-mode-load combination and each arc-mode-load
combination are three or four parameters: capaciuity,cosity,
elapsed time and, perhaps, energy usage. Except for
capacity, functions of these parameters should not be
associated with a single node or arc but with a link. Let
me explain in a little more detail.
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Let:

index a source node

index a destination node

index the mode, i.e., kind of transport
index the type of load

Ni be a node

Bij be an arc between adjacent Ni and Nj

S

Now a link is a triple Ni-Bij-Nj. Each component
has a capacity or set of capacities, Ai.kl, Aijkl and A.jkl
over the existing k,l1 for i and/or j. Note that the capacity
without regard to load type might be less than the sum for
different types of loads, that is
Aijk < Aijkl + Aijk2 + ...

since different types of loads might be carried in the same
mode.

Costs for transport are really associated with a
l1ink. Each individual cost component, say Cikl for a node
and Cijkl for am arc, must be determined in some way but
the cost for traversing a link is some function of them,
G(i,j,k,l)=f(Cik1,Cijk1,Cjk1) which is not necessarily a
simple sum. For example, it must be defined in such a way
that costs associated with entering node Ni are not included
in leaving Ni. Similar considerations hold for time and
energy functions, say Pl e ) and E(i,j,k,1). The total
disutility function for a link is then, for some f,

D(i,j,k,1)=f(G(i,j,k,l),T(i,j,k,l),E(i,j,k,l))-

One would not expect that these values would change signifi-
cantly for capacities which are fairly heavily loaded.
Hence, assuming a reasonably loaded network, the D-functions
can be precomputed for all meaningful links, i.e., usable
(i,j,k,1) combinations.

A route is a chain of interlocking links where Nj of
one link is Ni of the next. Access nodes are special in
principle but need no special treatment. An origin access
would never be an Nj and a destination access would never
be an Ni. However, any node might be an origin or destina-
tion.

A change of mode at a node (transfer node such as
rail to barge) can be treated in either of two ways. The
node considered as a transfer node may be treated as a
separate node. This may lead to some complication in
accounting for capacity. The other way is to have a dummy
arc, and hence link, from the incoming mode to the outgoing
mode. This is probably better since all parameters are
readily accounted for. Either way, there is a discontinuity
in the meaning of the k,1 combination.
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What one really has then is a multi-commodity, multi-
mode transshipment problem with side conditions. Each node
through which freight passes camn be considered as a warehouse
or transshipper. Thilsistill implies a formidable problem.
Let us see if it can be simplified further.

Note that mode-load combinations are important in
only two ways. One is to assemble the appropriate data and
compute the D-functions. Suppose this is done. Presumably,
this is a quick computer run although effort must be devoted
to maintaining the data base and it must be possible to intro-
duce scenario changes representing new capital investment.

The other way k-1 combinations are used is to assign
routes to shipments. A shipment cannot traverse a link
which does not have its l-index. But if a link does have
its l-index, it must have an appropriate k-index, else the
link would not exist. The importance of the k-index is for
capacity constraints. However, an arc capacity involves
only one mode by e ind biton RThu s e very sl iinlets limited by
its arc capacity. The difficulty arises with node capacities,
and in at least two ways. First, a node capacity, even for
one mode, will often be larger than the capacity of any one
link entering or leaving it but not as great as their sum.
Second, total capacity may be a function of all nodes which
it can accommodate. There is a third possibility, that
capacity might also depend on load types but this can
probably be ignored. If there is sufficient mode capacity,
there should be sufficient load type capacity. Possible
exceptions, such as limited facilities for coal car to
ship loading at a port, can probably be avoided by reducing
the mode capacity, or by defining two ports, i.e., a transfer
node and dummy arc.

Now what we want to minimize is the total disutility
of shipments and these depend only on the l1-index of each
link used. The aggregate of shipments which are possible
depend on capacities: first, on arc capacities which are
simple or can be assumed so, and second on node capacities
which may not be simple sums. I have not yet figured out
how to solve a formulation such as I am implying but it
does not seem beyond reach. Let us suppose a technique 1is
available and computer time for obtaining a solution is
modest. What could we do then? Let me sketch the steps
which would seem reasonable.

First, we must assume that initial supply and demand
quantities are available. Presumably these will be in terms
of NCM centroids. If not, they must be re-aggregated in

much the way that Argonne Natiomal Laboratory did in their
Northeast Regional Environmental TImpact Situdy s SSFosjusit
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what level the initial disaggregation should be carried is
a matter to be decided but considerable study of this
question has already been done and programs to do it even

exist. Starting with the centroid quantities, one could do
the following:

1. Compute the D-functions to reflect the desired
scenario.

2. Solve the tramnsport problem.

3. The shipments would be in terms of NCM centroid-
centroid links, each with quantities and costs.
The quantities would be recorded and the costs
converted to per—ton costs between supply and
demand centroids to be forwarded to the NCM.

4. The NCM would be run and then three sets of
quantities compared: the original and final
supplies, the original and final demands and
the link quantities obtained from the two models.
The outcome gives one of three results: (a)
agreement is good enough; (b) new supply and
demand quantities should be fed back to the trans-—
port model and the process repeated from step 2;
or, (c) an anomolous situation exists which needs
investigation.

Capital investment as such would be a side calculation.
Capital costs and return would be used to inflate the
original D-functions. The results of the transport model,
e.g., marginal prices, might also be used to detect possible

: 7 2 SEEeE
discrepancies in the centroid definitions.

This is a preliminary outline and I have not thought
through all the details. But something of this nature
seems to me to be what is needed. Playing two optimization
models against each other should give more information than
two disparate ones. In any case we need a model which is
more easily solvable than any I have seen so far. Even a
big LP is faster than these intricate transport models.
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THE NATIONAL TRANSPORTATION PLANNING MODEL

AND ITS USE FOR COAL TRANSPORTATION FORECASTING

David Rubin, Senior Planner
Mark Roskin, Senior Associate
COMSIS Corporation

ABSTRACT

The National Transportation Planning Model is a me thodol -
ogy developed for the U.S. Department of Transportation and used
in developing data and recommendations for the Trends and Choices
Report, the Brunswick, Georgia-Kansas City, Missouri Multi-Mode
Route Study, and the National Transportation Policies Through the
Year 2000 Report prepared by the National Transportation Study
Commiceion. (1,2:3) [0f particularconcerniiniboith the Trends and
Choices Report and the NTPSC study, was the effect of coal move-
ment on the future transportation system, especially Western
Gloaiss

The methodology includes a data base developed by the
Transportation Systems Center in 1972 and updated to 1975 which
documented 161,000 commodity flows by origin and destination BEA
region, mode and commodity (based on 19 categories). This data
base was used as a basis for several studies, which included
forecasts, a parallel resistance modal split model, and assign-
ments to networks, including detailed coded highway, regatil  Zil
waterway networks and simplified "spiderweb'" air and pipeline
networks. The process was used to analyze network capacity prob-
lems and alternative solutions, to evalute a number of corridor
alternatives and to explore three alternative economic scenarios.

INTRODUCTION

The National Transportation Planning model (NTP) is a
methodology developed for the Office of the Secretary, U.S. " De=
partment of Transportation, to evaluate the impact of future
change on the national intercity transportation system. It fore-
casts the movement of people and goods, by several modes, between
BEA areas, areas tied economically to a city defined by the Bu-
reau of Economic Analysis of the U.S. Department of Commerce. (4)

The model outputs flow on intercity networks, and aggre-
gate statistics about that flow, inecluding shipping costs,yitine
costs, energy utilization, environmental impact, safety measures,
capital requirements, tons shipped, ton miles and passenger
miles, all by commodity and mode. Model output can be assigned,
plotted, or tabulated, using standard urban transportation plan-
ning procedures (UTPS or PLANPAC). Thus, the NTP Model can be
used to explore a myriad of alternatives, and see their impact,
for passengers and freight, on financial, environmental and
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energy issues, on a macro scale of the nation or the micro scale
of an individual region or network link. It is best as a compar-
ison device, comparing changed conditions to a baseline, relating
the policy alternatives to the status quo.

The transportation of coal has always been a major element
in the analysis using the NTP Model. Coal accounts for 11 per-
cent of the commodity tonnage in the 1975 data base, and StsSERELE
major commodity that is expected to change, dramatically, in the
magnitude and orientation of flows, as Western coal develops and
replaces petroleum for power generation. In the Trends and
Choices study, forecasted Western coal was distributed assuming
slurry coal pipelines and using the rail network. In the NTPSC
study, three alternative energy production scenarios were used to
examine the impact on the transportation network, including vary-
ing amounts of Western coal.

BASE DATA
COMMODITY FLOW

Historic data on commodity flows is a basic element of the
NTP methodology, which determines modal split based on historic
modal split and changes in the time and cost factors affecting
modal split. Currently, the historic data consists of a data
base on commodity flows among the 173 BEA regions of the United
States which has been assembled by the U.S. Department QIR Ea e
portation, Transportation Systems Center. This data base con-
tains about 160,000 records of 1972 commodity movements. The
freight data are classified according to 19 commodity classes
(See Table 1.) at approximately a two-digit level of commodity
clfaisisiiifeiiea Edon.

»

The principal components of this freight data base are:

o Rail - the one percent Interstate Commerce Commis-—
sion way-bill sample.

o Waterway - the U.S. Army Corps of Engineers 100
percent sample survey of all ships entering or
leaving a port for both foreign and domestic
Eraffic

o Truck - the Census of Transportation conducted by
the Bureau of the Census and the Survey of Fresh
Fruit and Vegetable Unloads conducted by the U.S.
Department of Agriculture. The data base distin-
guishes between private and regulated trucking.

o Pipeline - a model which synthesizes domestic pipe-
line movements within the United States to assemble
pipeline flow data.
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TABLE 1

COMMODITY GROUPS

DESCRIPTION

Farm Products, Field Crops
Forestry & Fisheries Products
Coal

Petroleum

Metallic Ores

Non-Metallic Minerals

Food & Kindred Products

Textile Mill Products & Apparel
Manufactures Not Identified in CCT
Chemicals & Allied Products
Lumber & Furniture

Machinery (Non-Electrical)
Electrical Machinery
Transportation Equipment

Not Used

Paper & Allied Products
Petroleum & Coal Products
Primary Metal Products

Fabricated Metal Products

Survey

Miscellaneous Products Not Elsewhere

Classified
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o Air - data from the Census of Transportation con-
ducted by the Bureau of the Census and other data
from the Civil Aeronautics Board to assemble the
atraflowadatas:

These data were assembled in 1972 and adjusted in 1197758
They vary in quality significantly according to the mode and
spurce of theldata. At this time, it is felt that the weakest
link in the base year data base relates to the movement of ex—
empt commodities by truck.

NETWORKS

A series of base year networks are available, in computer
coded format, for all modes of person and goods movement. {hle
networks are all based on the 173 BEA zone system.

There are networks with link characteristics of speed and
length for highway, rail and waterway modes. Air and pipeline
networks are spider (centroid-to-centroid), with generated speeds
and distances.

Highway. Highway networks include the entire Interstate
and most major non-interstate through routes, except for Cthose
directly parallel to the Interstate. Major parallel routes
greater than 50 miles from the Interstate are generally included,
when such routes connect BEA centroids to the network.

Speeds are generally coded at 55 miles per hour on Inter-
states and Interstate level highways (four lane divided, limited
access), at 50 miles per hour on other divided highway and at 40
miles per hour on two lane roads. There are exceptions, particu
larly around urban areas in the Northeast where a 5 mile per hour
drop is coded.

Rail. The rail network includes most of the trunk line
railroads. It includes many of the parallel, competing rail
lines and provides a variety of paths between BEA's. Rail speeds
vary from 20-60 miles per hour, based on available data from spe-
cific railroads, as assembled by the Federal Railroad Administra-
tion.

Waterway. The waterway network is much simpler than
either the highway or rail network. It does not link all BEA's,
although some of the more inland areas are connected through
fairly long centroid connectors. Speeds are between 3 miles per
hour (on canals and shallow rivers), 6 miles per hour on intra-
coastal waterways and 8 miles per hour on the Mississippi.
Twenty mile per hour speeds are coded for Atlantic to Gulf and
other trans-oceanic travel.
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Pipelines and Airways. There are no coded networks for
pipelines and airways. The distances are calculated from spider
networks (centroid-to-centroid), a circuity factor is applied,
and, for air, an average speed is applied. No speeds are used
for pipelines, since they are continuous.

Like the commodity flow data, the network data varies sig-
nificantly in quality, and is also current to 1975. Major im-
provements could be made in coding, including capacitt yiclons
straints, greater detail on the waterway network including repre-
sentation of the locks, and coded networks for natural gas, crude
petroleum and petroleum product pipelines. For the freight move-
ments, a spiderweb aviation network is adequate.

STEPS IN THE PROCESS
REGIONAL DISTRIBUTION

For Trends and Choices and the Brunswick, Georgia-Kansas
CHSEy MSISEIE study, the NTP Model was used with externally gen-
erated forecast distributions. For NTPSC, COMSIS developed a
distribution methodology, based on tons shipped/dollar earned
factors, using the OBERS projections. (5) This method was modi-
fied for energy commodities, including coal, to accommodate the
energy commodity productions forecasts provided to NTPSC by Stamr
ford Research, International. SRI forecasts were disaggregated
to BEA levels and distributed to consumption regions based on
OBERS population projections. These distributions were done for
1985, 1990, 1995, 2000 and 2005. (6)

For passenger distribution, COMSIS has developed a na-
tional trip generation and gravity model, using population and
income as the independent variables, and producing a 173 zone
trip distribution.

MODAL SPLIT

The National Commodity Modal Choice Model was developed by
the U.S. Department of Transportation and is essentially a vari-
ant of the model developed by P.M.L. Pearson as part of his doc-
toral dissertation; Pearson later refined and applied the model
under Department of Transportation sponsorship. (7) Thelco st
function used in the model was developed by Herbert O. Whitten
and Associates. The computer software and application package
was developed by COMSIS Corporation.

The modal choice model assumes that each mode can be char-
acterized for each commodity and each origin-destination pair,

(1,J), by a resistance Z%Jm’
© 3
ZIJm 2 the resistance of mode m for commodity c on the

@)=10) jerzutie (QESAD)
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Then if Q%Jm is the flow of commodity c from origin I
destination J by mode m, the assumption is made that:

(& (e @ C - = c c

I il Sl Q52 A132 = d T gu Zrom
where M is the number of modes (or modal combinations) serving
the 0-D 'pazr (L,J). If we denote the total flow of commodity c
ERomMEESES i thy Q§J; then:

(o
IJm

QC

cid Q

N~ R

m=1

and the modal shares are readily found to be:

1
{ &=
(o
Q7 im ) Z1Im
e M il
O 5 5 -
k=1 21 3k

That is, the modal shares are functions of the M modal resis-
tance describing the 0-D pair. The Z's are assumed to be given
by

© c emeC
= K
IJm Tim Caymiit & L
where:
»
G 3 transportation cost per ton for commodity c¢ in
IJm 3
mode m, measured in dollars/tons
T;Jm g time in transit for commodity c on mode measured

in days
o€ : wvalue/ton/day measured in dollars/ton/day

KIJm . calibration constants that reflect the influence
of variables other than time and cost on shipper
choice of mode

From the definition it is clear that atTS o has the dimen-
sions dollars/tons and thus the factor a¢ converts times into
unit costs commensurate with the other cost term in the Tesis=
tance equation.
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The Impedance Model is currently calibrated for 19 com-
modity classes, and programs are presently available for applica-
tion of the model.

Application of the Model. The basic input to the model,
as it has been applied, is the file of individual commodity flows
between each of the 173 BEA areas. The model will re-allocate
the modal share for a given BEA-BEA movement for a given commod-
ity under conditions of changing transport cost and/or transport
time. Only those modes that transport a given commodity between
two BEA's will be considered as potential modes in the re-alloca-
tion process. Networks for each mode are also input.

The basic modal split procedure examines a specific ori-
gin-destination movement for a specific commodity. For each mode
(i) involved in the specific movement, a shipping impedance (Zj)
is computed:

(l) Zl = ($1 - Cf.ti)ki

where:

$; : shipping cost in $/ton and represents line haul,
terminal, and other identifiable costs. These
costs vary by mode, commodity, geography and spa-
tial separation of origin and destination. Actual
distances from a coded network can be used where
available, or circuity (C) multiplied by airline
distance (D)%

- time in transit and can be time from a coded net-
work or time internally derived by applying an
average modal speed to distance traveled. In
either case, a terminal delay by mode is added to
the line haul time to arrive at time din transit.

0 : measure of each commodity's value expressed in
dollars/ton. Applying an interest rate which is
user-variable, this value is converted to dollars/
ton, which is consistent with the $; term.

k; : calibratiom term which can be thought of as a
factor which accounts for shipper's other per-
ceived costs that are not included in the above
terms. The caleulatienof ki s described below
and is performed once for each observation using
the base flows and default cost tables. For pur-
poses of this discussion, an observation is the
movement of one commodity code between a BEA-BEA
pair by all modes that service that movement.

The components of $i and ti are shown on Table 2.
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TABLE 2

USER VARIABLE PARAMETERS -
NATIONAL COMMODITY MODE CHOICE MODEL

Description Mode'
Variable Terminal Shipment Cost/Ton R
Variable Terminal Cost/Ton All
Density Multiplier MC S PTA
Actual Miles All
Variable Line Haul Shipment Cost/Ton-Mile R
Variable Line Haul Cost/Ton-Mile All

Loss and Damage Payments/Ton R
Constant Terminal Cost/Ton R
Constant Line Haul Cost/Ton-Mile R
Density Multiplier R

The above variables combine to determine $i as follows:

TD
T
A

IR

F & T*I + DE@ -+ L) = Bl D*K*H

Terminal Days All
Time in Transit (Days) Al
Commodity Value ($/Ton) All
Annual Interest Rate All

The above variables combine to determine at as follows:

(IR/360)*A*(TD + W)

'Modes:

>R

H O

= et

= Motor Carrier
= Private Truck
= Waterway

= Pipeline

= Air freight
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For a typical case of three competing modes, the formula-
tion would appear as follows:

(7)) Zq = ($l S i)
Zy = ($, + aty)k,y
Z3 = ($3 + 01.1:3)1(3
(3) Qhizn = S0 I RHER 0 2
where:
Q; : quantity of goods shipped by mode i

The values of kp and k3 can be determined by setting kj =
1 and combining relationships (2) and (3).

Q1($l 7 e )

) kz T Q2($2 oI OLtz)
Q1($1 SRRGAC D)

k3 = = -

Q3($3 + atg)

Having obtained values for ki for each mode, the user can
vary any or all of the cost components, calculate new Z values,
and thus derive a new modal split.

i b el S L
7 7

i
L) G T

1 2 3

For Trends and Choices, slurry pipelines were added for
Western coal movement. This required creation of "dummy'" move-
ment records for coal from the BEA's in the West to logical des-
tinations, with reasonable estimates of coal shipped, in the 1975
data base. These records made coal slurry a possible mode in fu
ture years, when increasing shipments and changing cost relation-
ships made it more attractive. The resulting forecasts appeared
reasonable.

The computer software allows the user extensive flexibil-
ity to vary the components of the cost function to examine vari-
ous alternative conditions. Typical applications to date include
evaluating policy changes related «to: (a) increases in truck
sizes and weights; (b) addition of a waterway user charge, and
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((c)l echanges" to network links to improve service by a specific
mode. Output from the process includes summary tables by com-
modity and mode for:

o shipping/cost

o time colsit

o energy consumed

o pollutants

o fatalities

o investment in system
o tons shipped

In addition, detailed records are produced to al Low-ecans
struction of a commodity flow matrix by mode which can be as-
signed to various computerized networks and graphically dis=
played.

ASSIGNMENTS

The results of the modal split model are a mnew set of
160,000 shipment records, one for each modal shipment by commod-
ity between BEA's. These records can be merged into a 173-by-
7S trip tabile i for each commodity, or for all commodities, for
each mode. These trip tables can then be assigned using the ur-
ban transportation planning assignment programs, either LOADVN
from PLANPAC or UROAD from the UTPS package (8,9).

»

These assignment programs provide a great diea o fasfiliexic
bility in assigning flows to networks. UROAD, for example, will
permit all-or-nothing assignment, where the minimum impedance
path is selected, and all commodities using that mode between
that BEA pair are assigned to it. Incremental assignments can
be done, where impedance (which is a user specified function of
time, distance and cost) is adjusted after each incremental as-
signment. A variety of capacity restraint techniques can be

used.

The assignment results can be plotted, producing annota-
ted link plots or bandwidth plots in a variety of color combina-
tions and scales, to graphically illustrate assignment results.
The results of alternate assignments can be plotted together for
ease of comparison. All of the techniques which have been devel-
oped for urban planning and systems analysis can be applied to
the problems of national freight movement.
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COAL APPLICATIONS

As described above, much analysis has already been done,
for Trends and Choices and NTPSC, of the question of Western
coal and its transportation impact. The 1975 data base, based
as it is on 1972 data, does not include major movements of West-
ern coal, although Midwestern and Appalachian coal are well
represented. However, forecasts of future coal production all
include major production in the West. With most of these future
movements, there are, in the 1975 data base, small rail move-
ments that serve as a basis for future modal split calculations.
There are no movements of Western coal by other modes. The way
the modal split model works, if no movements exist in the data
base, for a given mode and commodity between two BEA's, there
is no opportunity for flow to be shifted to that mode due to
changing time and cost factors in the future.

To get around this limitation, for the analysis of West-
ern coal, and especially for the analysis of coal slurry pipe-
lines, the model was "fooled" with dummy records using that mode
for a reasonable estimate of flow based on the capacity of the
pipeline. This device permitted the mode to be considered for
future flows, and, when time or costs were favorable, capture
much of ithe fFlow.

The other major analysis effort required for both Trends
and Choices and the NTPSC study was disaggregation of flows.
Future forecasts were provided to COMSIS by region--coal produc-
ing region and coal consuming region. As the NTP Model operates
on BEA-to-BEA flows, these forecasts had to be disaggregated and
converted into BEA-to-BEA records of coal flow. Production was
disaggregated based on actual coal production location. The BEA
with the largest portion of the coal producing region got the
largest portion of the production. Flows were disaggregated
proportional to population in the consumption BEA's. Each con-
sumption region's flow from each BEA production region that it
received flow from was proportioned to all BEA's in the consump-
tion region based on relative population. This created more
flows than were realistically necessary, but provided a mathema-
tical technique that could be applied in every situation.

LIMITATIONSs OF THE MODEL

The model is heavily dependent on a data base of flows,
and®iis i thereforesonly as  goodiads tthatsdata tbasecly S Lhe g7 58daiE )
base, based on 1972 data, predates the dramatic change in energy
cosits inttiatediafter the 1972 Arab 0l Embargol. Lt thas lamitars
tions based on varying sample sizes, and problems of disclosure
which resulted in Category 9, unidentified commodities. As a
result of that problem, the major flows from Detroit are Uniden-
tified Commodities.
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The networks now being used are not consistent in detail,
and do not have a tonnage capacity coded on them. They are not
designed to handle multi-modal flows, except that terminal links
for water and rail networks assume truck transfers in some cases.

As described above, the model is not readily responsive
to major changes, new modes, new technologies, or major shifts
in time and cost relationships. It is conservative, tending
toward the status quo unless major changes occur in times or
costs. Given the nature of goods movement decisions, this is
probably realistic. Most goods movement mode and path decisions
are long term and not volatile. However, when new technology,
like coal slurry, or new markets are introduced, the model is
cumbersome in its response.

FUTURE ENHANCEMENTS

Many simple modifications could be made to the NTP Model
to permit more sophisticated analysis of the impact of changes
in the movement of goods. Foremost among them is addition of
capacity restraint techniques in the analysis of flows. Recent
improvements to UTPS network coding and assignment programs will
allow considerable flexibility in using capacity restraint. Di-
version curves like those developed by CACI for the National En-
ergy Transportation Study can be applied in an iterative modal
split calculation (HEGEaay s

The data base for the NTP model should be redeveloped for
1980, with better data and more confidence in sample adequacy.
It could be (but would not have to be) updated to the new 184

BEA zone system. Additional zones could be created for major
production regions, to avoid the necessity of splitting produc-—
tion forecasts by BEA. »

Making the network element of the NTP methodology truly
multi-modal would require considerable care and an extensive
testing effort. The three or four networks could be coded as a
single multi-modal network using intermodal transfer links, and
use codes can be applied to prevent inappropriate transfers, but
the increased number of possible paths on a multi-modal network
would create the opportunity for illogical paths that thorough
testing would be required to avoid.

The NTP Model is a multi-purpose, complex and flexible
tool for the analysis of both person and goods movement on a
e tional or multi-state scale, dealing with alternative modes
and paths for assignment of flows. It has been very useful in
its application to national and corridor alternatives and can
continue to serve as a basic tool in the repertoire, with some
effort expended on its upkeep and enhancement. Its applicabil-
ity to coal movements has been shown and it has the ability to
adjust to changing environments and provide useful, reasonable
forecasts.



98

REFERENCES

0, 4S5 Department of Transportation, Office of the Secretary,
National Transportation Trends and Choices (to the JYear
ZO00HENEWEE Hain's tlon's D= GRS At = r v 8O 7e7es

2Peat, Marwick, Mitchell & Co., et al., Brunswick, Georgia-Kansas
City, Missouri Multi-Mode Route Study, Washington, D.C.,
LT

®National Transportation Policy Study Commission, National Trans-
portation Policies Through the Year 2000, Washington,
D)E (@ 4 5, Lehriel o

“COMSIS Corporation, Documentation of National Travel Models for
National Transportation Trends and Choices, Wheaton, MD,
L7/

S s Department of Commerce, Bureau of Economic Analysis et al.,

OBERS Projections of Economic Activity in the United
States, BEA Economic Areas, Volume. 2, ‘Washingtomn, "DiCd;
L)y

®CcOMSIS Corporation, Compendium of NTPSC Data and Models, Wheaton,
MD, August, 1980.

PR MtT Pearson, T[he Planning and Evaluation of Tntercity ‘TEavel
Systems, Ph.D. Dissertation, University of Waterloo, De-
partment of Engineering, March, 1969.

E s Department of Transportation, Federal Highway Administra-
tion, FHWA Computer Programs for Urban Transportation
Blanning, Washingtom, D.C., 1974,

N A6 Department of Transportation, Urban Mass Transportation Ad-
ministration, Urban Transportation Planning System -
UROAD: Highway Traffic Assignment Program, Washington,
D.C.,; February, 1981,

1°Secretary of Transportation and Secretary of Energy, National
Energy Transportation Study, Washington, D.C., July, 1980.

11CACI, Inc.-Federal, Transportation Flow Analysis: National

Energy Transportation Study, Arlington, Virginia, January,
1980 (3 volumes).




99

81-TR-17

A Preliminary View of U.S. Coal Transportation
Using the Princeton Railroad Network Information System

By

Alain L. Kornhauser
Professor of Civil Engineering
Director, Transportation Program
Princeton University
Princeton, New Jersey 08540

Invited Presentation at the Coal Transportation
Modeling Workshop

December 3-4, 1981 - Palo Alto, California

ABSTRACT

The so-called Princeton Railroad Network Model has evolved into a very
powerful information system for use by managers and decisionmakers in the U.S.
railroad industry, including its operators, its users and its regulators.
Coupled with improved data on coal producers and consumers, it seems to be a
convenient information system for the analysis of both tactical and strategic
coal transportation and coal marketing issues. The paper briefly describes
the various elements of the Princeton Railroad Network Information System, the
primary coal data bases currently used by the model, a brief description of
current coal-via-rail traffic characteristics and some suggestions for how the
information system could be used to address a broad range coal strategic
planning issue including forecasts of transportation cost, capacity
limitation, alternate routings and effects of mergers and deregulation.
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INTRODUCTION - The Princeton Railroad Network Information System

With this paper the name of the Princeton Railroad Network Model is
formally changed to the Princeton Railroad Network Information System. This
is a change in semantics for the purpose of trying to more precisely identify
the actual substance. Princeton - because the entity was improved and made
usable at Princeton University, although a great deal of credit is deserved by
The Federal Railroad Administration (FRA) for originally undertaking the
network coding and data collection efforts (1,2). Railroad - because it best
replicates and models railroad operations, service and cost, although a
comparable U.S. highway network is nearing completion. Network, because the
system is based heavily on the actual lines and stations of the U.S. rail
system and it uses network-type mathematical models. Information Systems -
(instead of model) because its most powerful attribute is its ability to take
data and convert it into information. The data may exist in raw form in an
exogenous data base or it may have been forecasted or otherwise modified by
some mathematical relationships we call models. While the system is made up
of many traditional models, its value is in its presentation of information
instead of the idiosyncrasies of the models themselves.

The Princeton Railroad Network (PRN) Information System is currently used
for research and education purposes at Princeton University and is maintained
and used for development, production and proprietary purposes by ALK
Associates, a consulting firm that is totally separate from Princeton
University. The system is used primarily to perform computer-based analyses
in support of railroad and shipper strategic planning, marketing, pricing,
operations planning and cost analyses. The system consists of a collection of
network and traffic/market data; efficient computer algorithms for graphical
display, manipulation and editing; intracarrier, intercarrier, and hazardous
material routing routines; blocking and cost models; freight car management
routines; and traffic diversion packages for studies of mergers and other
restructuring. The interactive environment in which the system operates and
the efficient computer-graphic interface are the essential elements that
convert a collection of data and models into an information system.

Network Data Bases - The entire computer environment of the PRN Information
System is built around a simple link-node network data structure. Links have
physical attributes, e.g., its a-node (from node) and b-node (to node),
distance, track class, ownership, trackage rights and modelling attributes
e.g., interline impedance, block sizes, see Table 1. There are 22,477 links
that describe the U.S. and Canadian railroads. Nodes also have physical
attributes, e.g., longitude, latitude, name, state, county, rail stations
(FSAC, SPLC), TOFC ramp designations, rail yard designations, name of electric
utility (if any) and name of coal mine (if any). The network is composed of
20,735 nodes. A geograhic display of the nodes and links of the U.S. and
Canadian ra