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Foreword

This assessment analyzes the costs and potential economic,
social, and environmental impacts of coal slurry pipelines, and it
represents the results of a project undertaken in mid-1 976 at the re-
guest of the Senate Committee on Energy and Natural Resources;
the Senate Committee on Commerce, Science, and Transportation;
and the House Committee on Interstate and Foreign Commerce. | n
addition to aiding in congressional deliberation on several bills that
propose granting Federal eminent domain to coal slurry pipeline
enterprises, the study should contribute to resolving broader ques-
tions of transportation policy, western water allocation, and
regional conflicts over energy development.

The pages that follow include a discussion of the possible ef-
fects on society of coal slurry pipeline development, a comparison
of pipeline and unit train costs, and an analysis of relevant legal and
regulatory issues. Findings address conditions under which slurry
pipelines may be attractive in terms of cost and the influence of
transportation regulatory policy. Also evaluated are the potential
impacts of Slurry pipeline development on the rail industry, conse-
guences of pipeline water use as contrasted with community im-
pacts of increased coal train traffic, and implications of the power
of eminent domain at the Federal, as opposed to State, level.

This report is another in the series of energy assessments that
are being provided to the Congress for its consideration in the
development of national energy policy.

(P W T

RUSSELL W. PETERSON
Director
Office of Technology Assessment
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1. Summary

Considerable public controversy currently
surrounds legislative proposals at both the
Federal and State levels that would grant the
power of eminent domain for right-of-way ac-
guisition to coal slurry pipeline enterprises and
impose certain restrictions and requirements
upon their activities. Against this background,
the Chairmen of the Senate Committee on
Energy and Natural Resources, the Senate
Committee on Commerce, Science, and Trans-
portation, and the House Committee on In-
terstate and Foreign Commerce, requested this
assessment of the potential economic, en-
vironmental, and social implications of coal
slurry pipeline development. The analysis pre-
sented here is intended to contribute to the in-
formation available to Congress on which to
base any determination concerning Federal
eminent domain legislation for coal slurry
pipelines, and to provide an analytical frame-
work against which a public agency might
evaluate the potential effects on the economy,
society, and environment of specific individual
pipeline proposals and their alternatives.

Four interrelated studies provide a basis for
systematically evaluating the transport of coal
by pipeline compared to railroad. The first
establishes hypothetical baseline forecasts to
the year 2000 of volumes of utility steam coal
to be transported from nine producing regions
to each consuming State based on demand
growth, environmental regulation, and coal-
use assumptions. The second study provides
rail and pipeline cost estimates and plausible
market scenarios, which have been used to
predict the possible impact of slurry pipeline
development on the total social cost of elec-
tric power, the cost and quality of service in
the railroad industry, employment levels, and
other economic measures. A third investiga-
tion identifies and evaluates the water re-
source, environmental and social impacts of
transporting hypothetical quantities of coal by
pipeline as contrasted with the corresponding

effects of moving the same amounts by rail.
The fourth examines the legal and regulatory
provisions relevant to rail and pipeline com-
petition, water rights, environmental protec-
tion, and eminent domain. Finally, the coal
volume forecasts have been subjected to a sen-
sitivity analysis to determine what effect the
findings of the economic study might have on
the original projections.

Major findings of the assessment are sum-
marized below. They should be read with the
understanding that they are based upon simpli-
fying assumptions and considerable specula-
tion about the future.

+ Based on the analysis performed in this
assessment, coal slurry pipelines do repre-
sent under some specific circumstances
the least costly available means for
transporting coal measured in economic
terms. Whether this is true of any par-
ticular pipeline can only be determined by
detailed evaluation of the conditions
specific to the route.

« The current regulatory framework does
not guarantee that choices between slurry
pipelines and rail will necessarily mini-
mize the cost to society of transporting
coal. With the power of eminent domain,
coal pipelines would enjoy significant
regulatory advantages over railroads.
These advantages would stem from the
differences between regulated tariffs and
cost of service, the ability of pipelines to
serve selected customers, and the prohibi-
tion of long-term contracts between
railroads and their shippers.

+ The development of a substantial slurry
pipeline industry is likely to diminish the
growth in future revenues of competing
railroads, primarily in the West, unless
rates paid by remaining shippers are ad-
justed to compensate. However, average
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rail tariffs, adjusted for inflation, are
declining and are likely to continue to do
so for the next 20 years based on the mar-
ket and cost assumptions of the analysis.
Even if railroads were to respond to pipe-
line competition by modifying their rate
structure to preserve the net income they
would otherwise have realized without
pipelines, the rate of decline in tariffs
would be lessened but not reversed.

The introduction of coal slurry pipelines is
not likely to affect materially the rate of
coal resource development and use on a
national scale. It may, however, affect the
regional pattern of coal mining and dis-
tribution in such a way as to expand the
use of western coal to greater distances
from this area of origin.

Pipelines employ less labor than does rail
over their respective useful lives, but if a
substantial pipelines industry were to de
velop, enough people would probably be
employed in construction and supplying in-
dustries to offset cumulative employment
impacts in the rail industry for the rest of the
century. Since railroad employment may
decline due to productivity improvements
before the year 1990 in any event, job losses
due to pipeline competition could con trib-
ute to layoffs as opposed to reduced rates of
hiring in the railroad industry during that
period. In addition, agriculture may be af-
fected locally by future water availability
impacts of slurry pipelines, as well as by the
cost and quality of service by railroads.
Railroads can also have direct adverse im-
pacts on agriculture in the form of possible
disruption of ranching operations.

Sufficient unused quantities of suitable
water are physically present although not
necessarily legally available for the opera-
tion of several slurry pipelines from west-
ern coal-producing areas. Substantial in-
stitutional barriers impede in voluntary
displacement of present water rights, but
other possible future uses of remaining
supplies could be foreclosed by pipeline
development. When levels of use exceed

users’ rights, as is the case during years of
relative abundance of water, new appro-
priations may also displace present uses.

Under the prior appropriation system for
water allocation in many Western States,
slurry pipelines, like any new applications
of water, are accorded a lower priority
relative to existing rights. They therefore
may not be able to acquire water even if
they were to represent a more econom-
ically productive use. The Federal Govern-
ment has substantial power to control
water resource allocation for pipelines,
notwithstanding State provisions, if it
should choose to exercise it. Even without
an explicit choice to exercise that power,
Federal certification of a pipeline project
based on a finding that it served the pub-
lic interest could supersede State water
allocation authority under some circum-
stances.

The environmental choice between coal
pipelines as opposed to increased rail traf-
fic primarily involves weighing the water
use and temporary construction activity
impacts of slurry pipelines against the
noise, land-use disruption, railroad cross-
ing accidents, and inconvenience result-
ing from increased train traffic. All other
impacts examined are relatively insignifi-
cant or roughly equivalent for both
modes.

Several Federal statutes serve to protect
the environment against potential adverse
impacts of both railroads and pipelines, as
do a variety of Federal and State laws and
programs desighed to improve safety at
rail-highway grade crossings, usually in
part at public expense. Federal en-
vironmental impact statements, however,
are generally not required for increases in
rail traffic, as opposed to extensions in
routes. They are also not necessarily re-
quired for slurry pipeline construction,
since building such a pipeline is possible
at present without major Federal action.
Usually, however, Federal or State en-
vironmental statements will be necessary



Ch. | Summary «5

for pipelines, especially if Federal cer-
tification is required as a condition for the
power of eminent domain.

« Not all States have statutes granting the
power of eminent domain to slurry pipe-
lines. Those that do require that the pipe-
lines serve a public purpose within the
State, and more recent statutes limit use
of State water for pipelines and subject
them to State regulation as common car-
riers.

N«

The development of a coal slurry pipeline
industry would be possible in the absence
of the power of eminent domain at the
Federal level. All other pipeline systems
except natural gas were built largely with
State eminent domain authority. On the
other hand, Federal legislation in this area
would facilitate coal slurry pipeline devel-
opment by removing the need to direct
routes, possibly at prohibitive cost,
around States without eminent domain
provisions, and by eliminating the require-
ment that the public in each State along a
pipeline route benefit from the operation.
Federal preemption, however, would limit
States’ powers to influence the form of
Slurry pipeline development.

A judgment concerning the desirability of
slurry pipelines as a form of coal transporta-
tion will depend on the subjective weights that
one assigns to the factors discussed above. The
overall issue, however, extends beyond the
guestion of whether coal slurry pipeline devel-
opment by itself would have a favorable im-
pact on society. The judgment will therefore
also depend on one’s views concerning
broader problems, of which the coal slurry
pipeline controversy is only one aspect, These
include: 1 ) the current railroad regulatory
structure, 2) the present systems for allocating
water resources in the West, and 3) the avail-
ability of mechanisms by which conflicting
regional differences over energy development
can be reconciled.

In the absence of eminent domain provi-
sions at the Federal or State level, coal slurry

pipelines are less likely than otherwise to com-
pete successfully with established railroads.
On the other hand, if Federal eminent domain
legislation were passed without provisions for
equalizing the regulatory restrictions on each
mode, pipelines would enjoy significant ad-
vantages over railroads. One lies in the in-
terstate Commerce Commission’s prohibition
of long-term contracts with shippers in the rail
industry. Such contracts, if permitted, could
facilitate investment in specific improvements
to provide more economical service when a
shipper is willing to be bound by rate and
volume provisions in return. Financing of
pipeline enterprises would not be possible
without long-term contractual arrangements,
probably containing escalation clauses to
cover unforeseen cost increases. Also, com-
mon carrier obligations of railroads to provide
uneconomical service are probably more strin-
gent than they would be for coal slurry pipe-
lines. Although the situation may change as a
result of the Rail Revitalization and Regu-
latory Reform Act, the allowed return on rail
investment is lower than what is permitted for
pipelines now carrying other commodities. In
this context, however, slurry pipelines simply
represent another competing mode of trans-
portation to be considered in the larger debate
concerning the merits of regulatory reform for
the railroad industry.

The second larger question is related to the
allocation of western water resources among
competing uses. If everyone agreed that the
present institutional mechanisms always led to
the best choices, a significant area of conten-
tion would be absent from the controversy
over coal slurry pipelines and over many other
forms of energy resource development as well.
Mine-mouth power generation and coal gasi-
fication and liquefaction, for example, require
even more water than do slurry pipelines to
process a given amount of coal. Some resi-
dents of western coal-producing States
therefore see expansion of this type of activity
as a potential threat to their limited water sup-
plies. The prior appropriation system of water
rights, on the other hand, subordinates new
uses to present ones, making water acquisition
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for energy development difficult. Improving
the process by which water-use priorities are
established could therefore eliminate some of
the conflict over slurry pipelines.

Finally, other elements of the dispute over
coal slurry pipelines reflect conflicting
regional interests regarding coal development
generally. Producing areas are expected to suf-

fer adverse impacts, like the inconvenience
associated with expanded train traffic or in-
creased competition for water, while the
benefits accrue to other parts of the Nation in
the form of lower electric rates or reduced
dependence on gas or oil. In this respect, coal
slurry pipelines represent only one of the many
factors in the balance Congress must strike as
it fashions future energy legislation.
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President Kennedy suggested in early 1962
that coal slurry pipelines might represent a
way of transporting coal more economically,
thereby improving the depressed condition of
the coal mining industry. Since that time, a
substantial measure of public debate has
centered on the desirability of applying this
technology as an alternative to transportation
by rail. Two such pipelines have been built and
put into operation in this country. One was
closed after the introduction of competing
unit trains and the approval by the Interstate
Commerce Commission (ICC) of a separate
rate structure for this more efficient form of
rail service. Another has been carrying coal for
6 years and has demonstrated that a coal slurry
pipeline of the size required to serve a large
electric generating station is economically
feasible.

A slurry pipeline involves the pumping of
finely ground coal suspended in water or other
liguid medium through a pipe over a long
distance. At the terminus the coal and liquid
are separated and the coal is prepared for
combustion or other use. The primary rail com-
petitor of slurry pipelines is the unit train, a
complete train of dedicated cars operating on
a regularly scheduled movement between a
single origin and a single destination. It con-
trasts with ordinary carload movements in
which many commodities are combined and
recombined in one train as they are trans-
ported from many origins to many destina-
tions.

Most of the current public controversy sur-
rounds legislative proposals at both the
Federal and State levels to grant the power of
eminent domain for right-of-way acquisition to
coal slurry pipeline enterprises and to impose
certain restrictions and requirements upon
their activities. Against this background the
Chairmen of the Senate Committee on Energy
and National Resources, the Senate Commit-

tee on Commerce, Science, and Transporta-
tion, and the House Committee on Interstate
and Foreign Commerce requested this assess-
ment of the potential economic, environmen-
tal, and social implication of coal slurry
pipeline development and the implications of
legislating Federal eminent domain authority.

At least three major sets of policy questions
must be addressed to arrive at a legislative
conclusion. The first involves the desirability
from social, economic, and environmental
standpoints of developing a coal slurry
pipeline industry. The second is related to the
extent to which the present regulatory and in-
stitutional arrangements would have to be
altered to provide for the allocation of coal
traffic between pipelines and railroads in a
way that would represent the least cost to
society. The third concerns the balance of
Federal and State control over such areas as
water resource allocation, land ownership, and
local environments, and how conflicting
regional interests might be resolved.

The purpose of this assessment is to clarify
these issues in order to assist Congress in mak-
ing a judgment concerning the general desir-
ability of coal slurry pipelines and the utility of
eminent domain legislation as a means of
facilitating their development. The study
should also provide an analytical framework
against which a public licensing or regulatory
agency might evaluate specific individual
pipeline proposals and their alternatives.

Resolution of the foregoing questions and
development of an analytical framework for
evaluating specific pipeline projects require a
comparison analysis of the costs, impacts, and
institutional and legal setting of the two
modes. The desirability of mining, transpor-
ting, and using coal is not addressed here. A
forthcoming OTA study on coal utilization will
examine many of these questions. In addition,
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modes with which long distance slurry
pipelines would not be likely to compete
significantly, including trucks, belt conveyors,
and barges have not been considered in detail.
Finally, the transportation market in this
analysis is confined to steam coal for use by
domestic electric utilities, which constitute the
principal customers that could receive large
enough volumes of slurry coal for economical
pipeline operation.

Four interrelated studies contributed to the
analysis. One examined the legal regulatory
provisions relevant to rail and pipeline com-
petition, water rights, environmental protec-
tion, and eminent domain. Another established
baseline forecasts to the year 2000 of volumes
of utility steam coal to be transported from
nine producing regions to each consuming
State based on hypothetical demand growth,
environmental regulation, and coal-use
assumptions. A third study provided rail and
pipeline cost estimates and plausible traffic
scenarios, which were examined to predict the
impact of slurry pipeline development on the
cost of electric power, the cost and quality of
service in the railroad industry, employment
levels, and other economic measures. A fourth
investigation identified and evaluated the
water resource, environmental and social im-
pacts of transporting hypothetical quantities
of coal by pipeline as contrasted with the cor-
responding effects of moving the same
amounts by rail. Finally, the coal volume
forecasts were subjected to a sensitivity
analysis to determine what effect the findings
of the economic study might have on the
original projections. Complete reports on these
individual studies comprise the second volume
of this report.

In the legal and regulatory study, the ex-
isting legal systems, including relevant
statutes, regulatory policies, and judicial
precedents, were discussed with particular at-
tention to contrasting the framework for coal
slurry pipelines with the regulatory environ-
ment for other similar or competing transpor-
tation modes. Issues examined included the
implications of common carrier status, rate

setting, and contractual arrangements be-
tween carriers and shippers. In addition, provi-
sions of water law were explored to determine
what access a pipeline operator would have to
water sources under a variety of conditions
and how much control could be exercised over
the use of water for slurry pipeline purposes by
State agencies as opposed to the Federal
Government. Provisions of environmental law
related to pipeline and rail construction and
operation were also investigated, as were
precedents for and implications of granting the
power of eminent domain for acquisition of
transportation right-of-way at the Federal and
State level.

Assessing the potential economic and en-
vironmental consequences of coal slurry
pipeline development necessitated forecasting
the coal transportation market in which coal
pipelines would compete. Although large in-
dustrial facilities, gasification plants, and
foreign countries represent possible future
customers for slurry coal, this assessment con-
centrated on coal for steam production by
domestic electric utilities, since they represent
the predominant present users which could
receive coal in quantities that would take ad-
vantage of pipeline economies, A model of
utility industry behavior at the powerplant
level provided estimates of how much coal
would be purchased from what sources to
meet both hypothetical demand growth and
environmental requirements at the lowest cost.
These results were aggregated to arrive at total
projected coal flows from nine producing
regions to 48 consuming States at 5-year inter-
vals through the year 2000.

With this measure of demand for transporta-
tion as a starting point, the economic analysis
sought to establish relative cost relationships
for railroads and pipelines and to hypothesize
a plausible share of the traffic which pipelines
might capture if their development were not
constrained by institutional or legal factors.
Potential savings to customers served by
pipelines could then be estimated, as well as
the impacts of diverting the traffic in question
from the railroad industry. The impacts of
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pipeline development were evaluated as they
would affect the cost and quality of rail serv-
ice, availability of water for other uses,
demands on related industries and markets,
levels of employment, and regional economic
development. Simplifying assumptions were
necessary to carry out the market, cost, and
impact analyses. Those related to markets and
costs are summarized at the end of chapter IV.
The impact analysis also depends on major
assumptions, detailed in chapter V and in the
appendix, including an approximately 2.9 per-
cent annual rate of growth in both rail revenue
traffic and GNP, as well as continuation of pre-
sent trends in some elements of rail costs.

To complement the economic analysis, a
simultaneous study encompassed the en-
vironmental impacts of constructing and
operating coal pipelines, as contrasted with
the corresponding effects of moving the same
volumes of coal by railroad. With regard to
pipelines, particular attention was focused on
water use and disposal and construction im-
pacts. Principal impacts unique to railroads in-
cluded traffic accidents and interruption at
grade crossings, train-caused fires, diesel emis-
sions, and land-use interference. Energy and
materials use, occupational health and safety,
and social impacts and perceptions were ex-
plored for both modes.

The coal-flow forecasting model mentioned
earlier embodied preliminary assumptions
about the cost of transportation, and addi-

tional analysis was therefore necessary to
determine what effect findings from the
economic analysis related to rail and pipeline
costs might have on the coal transportation de-
mand projections. This later work also in-
corporated some improvements in the model
and included data from the President’'s Na-
tional Energy Plan, which became available
after the first set of coal flows were derived.

In order to facilitate consideration of
legislative options, a number of specific policy
issues are identified and analyzed. These com-
prise the subject of the third chapter. Chapter
IV includes descriptions of coal slurry
pipelines and unit trains followed by the coal
flow forecasts, cost comparisons, and traffic
assumptions on which the economic and en-
vironmental analyses are based. Economic im-
pacts are treated in chapter V and the appen-
dix, and chapter VI covers environmental and
social impacts. The last chapter contains the
results of the legal and regulatory analysis. As
mentioned above, Volume | | consists of com-
plete reports on the research results con-
tributing to the assessment.

A predominately technical analysis such as
this one takes inadequate account of human
perceptions of, and attitudes toward, the facts
presented. Ultimately, the impacts of tech-
nology are, directly or indirectly, impacts on
people. Opportunities for citizen participation
and public comment based on this material
would contribute an important perspective.
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The request to OTA for an assessment of
coal slurry pipelines is a consequence of pro-
posed legislation which would grant such
pipelines Federal eminent domain powers. This
guestion and the controversy surrounding this
proposal presuppose certain more basic policy
issues. Should the Federal Government adopt a
policy of facilitating the development of coal
slurry pipelines? Does the present regulatory
and institutional environment encourage the
allocation of coal traffic on the basis of the
true cost to society? If not, should steps be
taken to try to achieve that result? Is such a
policy compatible with an effort to protect
State jurisdiction over matters such as water
resource allocation, land ownership, and local
environmental quality? The following specific
issues and findings were formulated to eluci-
date these underlying policy questions as well
as the more specific legislative issue of emi-
nent domain.

In much of this analysis, the critical ques-
tions often extend beyond slurry pipeline
development as an issue unto itself. These
guestions are also not new. For example, the
effect of the regulatory environment on the
ability of railroads to compete with pipelines is
only a part of a larger problem concerning the
way in which railroads are regulated generally.
Also, potential water use by slurry pipelines is
controversial partly because water resources
in arid portions of the West are managed
arguably neither by a completely rational and
explicit planning process nor by the usual
market mechanism which applies to other
natural resources. Finally, some of the dif-
ferences of opinion over slurry pipelines are
reflections of regional conflicts over energy
development generally. Hopefully, this assess-
ment will contribute some to the resolution of
these larger questions, as well as the specific
issues related to the coal slurry pipeline
debate.

Issue 1

Do slurry pipelines represent a less
costly way to move coal?

If one ignores regulatory distortions and
larger social costs, slurry pipelines can, ac’
cording to this analysis, transport coal more
economically than can other modes under cer-
tain circumstances. The following conditions
tend to favor pipelines on any particular route:

* High annual volumes of coal shipped.

+ Long distances to be traversed.

* High anticipated rates of inflation.

* Low real interest rates.

+ Large closely spaced mines.

« A secure market of several large
customers located in such a way as to per-
mit them to receive coal from a single
pipeline.

+ Terrain characteristics favorable to
pipeline excavation and construction.

+ Availability of sufficient water at low
delivered cost.

« Low cost of electric power for pipeline
pumping relative to that of diesel fuel for
railroad locomotives.

» Circuitous rail routes, poor track, or other
conditions unfavorable to railroads.

+ Inefficient rail operations, including short
or slow trains.

+ Absence of a parallel navigable waterway.

The choice of pipeline transportation over
rail represents in part a decision to incur
capital costs, which can be amortized at a
predictable rate, rather than operating costs,
which are subject to inflation. This common
business decision involves weighing the real in-
terest rate one must pay on invested capital
against the wuncertain inflation component of
future operating expenses. Comparisons of rail
and pipeline economics in this analysis are
based on total life cycle costs, and they take
the greater exposure of rail expenses to infla-

15
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tion into account. However, managers of elec-
tric utilities, which represent potential
customers for slurry pipelines, perceive an ad-
vantage in greater stability as well as lower
overall levels in transportation tariffs.

The necessity to predict future construction
costs, labor productivity, and inflation rates
adds a major element of uncertainty to the
relative costs of the two modes. In fact, the
range of uncertainty associated with predic-
tions of rail and pipeline costs in a given case
is often as great as the difference between
them. Pipeline financing requires long-term
purchase contracts with customers, which em-
body significant risk given the difficulty in
forecasting the future. Since the costs of errors
in judgment will probably be borne largely by
the public and not necessarily by the utility in-
vestors, regulatory agencies governing utilities
should therefore scrutinize long-term con-
tracts for pipeline transportation with great
care.

If pipeline economics do result in savings,
the benefit will accrue to the coal mining, elec-
tric utility, and pipeline industries. Regulatory
mechanisms can cause savings in the transpor-
tation and utility sectors to be passed on to
consumers. The mining industry is not similarly
constrained by regulation, but competition
may limit increases in mining revenues.

Since economic conditions favoring
pipelines or railroads are present to varying
degrees at different times and locations, and
since the determination of cost advantages en-
tails considerable speculation about the
future, Congress therefore faces the challenge
of formulating legislation sufficiently flexible
to allow choices to be made which suit specific
conditions. (For further discussion of costs, see
Coal Transportation Market, chapter IV.)

Issue 2

To what extent does the regulatory
structure surrounding each mode in-
fluence the apparent relative economic
attractiveness of railroads and slurry
pipelines?

Common carrier status and Interstate Com-
merce Commission (ICC) rate regulation place
railroads at a disadvantage relative to less
stringently regulated pipelines. Even if
pipelines were required to be common carriers
in name and subjected to the Interstate Com-
merce Act (ICA), they would still behave like
contract carriers in practice due to the prac-
tical requirements imposed by the economics
and mechanics of their operation. This has
three consequences.

First, pipelines could capture coal traffic
from railroads even where the incremental rail
cost is lower. Rail rates contain an element of
fixed system costs and losses which result from
the requirement to maintain certain unprof-
itable services, e.g., low-volume branch lines.
This creates a distortion in relative rates, per-
mitting selection of pipeline transportation in
some cases where rail represents a lesser cost
to society.

Second, rate regulation which does not
allow a “market” return on direct rail invest-
ment will not permit facility improvements
that would reduce total costs. “Real” costs as
estimated in this study are not as low as those
that railroads could achieve with an improved
ability to attract needed investment.

Third, prohibitions against long-term con-
tracts with shippers impede railroads from
undertaking otherwise economical invest-
ments that would only pay for themselves over
a period of time.

Pipelines do not have the same fixed cost
structure or obligation to continue un-
profitable service, except as provided in con-
tracts. Moreover, pipeline rate regulation
would probably provide for a return on invest-
ment substantially higher than [ICC has
historically allowed on direct rail investment,
as exemplified by the recent San Antonio Rate
Case (Docket #36180). (This ’issue is discussed
more fully in chapter VI 1))

Issue 3

Will development of coal slurry
pipelines adversely affect the health of



Ch. Il Issues and findings « 17

the railroad industry in such a way as to
jeopardize the quality or cost of service
to remaining shippers?

Under an assumption that pipelines carry a
share of coal traffic increasing to approximate-
ly 200 million tons per year by the end of the
century, western railroads will experience
slower increases in coal revenues than they
would otherwise have expected. Although any
reduction in revenue could represent a threat
to the financial health of a particular railroad,
the potential impact of coal slurry pipelines on
the railroad industry appears to be substantial-
ly less than that of either a possible adverse
regulatory policy or a decline in the present
rate of improvement in productivity.

The likely effect on railroad customers will
depend upon several conditions. The analysis
performed in this assessment suggests that
average rail road costs decline as the system ex-
pands to provide new service. If such is the
case, the critical questions are a) whether or
not the railroads would pass on these savings
to other shippers, and b) how large the savings
would be if pipelines did not enter the market.
If savings are not passed on to rail shippers,
slurry pipeline competition will affect the prof-
itability of the rail industry and possibly the
guality of service it provides, but not the rates
paid by its customers.

Under current regulations, however, rail cost
savings will probably accrue, at least in part, to
shippers through reduced rates of growth in
tariffs relative to general inflation. The most
probable effect on rail customers from pipe-
line competition will, therefore, be a lessening
of the present rate of decline in average tariffs
per ton-mile adjusted for inflation.

Shippers faced with higher relative rail
tariffs might adapt by switching to another
mode of transportation. As a consequence,
rate impacts will probably be felt more strong-
ly by captive rail customers. Also, such
changes in transportation mode are not certain
to reduce total social costs.

The foregoing discussion presumes that

pipeline development would occur gradually
and would involve only new coal movements
and not those already carried by rail. Rapid
diversion of rail traffic after substantial
resources have been invested to expand serv-
ice would clearly have an additional adverse
impact on the rail industry.

Finally, some argue that more competition
would promote increased productivity and
technological improvement in the rail in-
dustry. The magnitude of this effect depends
on the level of competitive forces already pres-
ent and on the incentives built into the
regulatory structure. Added competition may
also influence investor confidence in railroad
enterprises, making capital formation to imple-
ment improvements more difficult. (Chapter V
focuses largely on this issue.)

Issue 4

Will capacity limitation of other modes
necessitate the development of coal
slurry pipelines to carry projected coal
volumes?

The capacity of rail systems can be ex-
panded faster than can coal mining or electric
power generation using coal, provided the
necessary investments in local rail facilities are
made. The same is true of slurry pipelines. Sup-
plier industries and capital markets are ade-
guate to meet the development needs of either
mode, although, continued low net incomes in
the rail industry may impede the capital for-
mation needed to finance rail expansion.

The choice between transportation modes
will not be determined by their respective
capacity limitations. Sufficient investment in
either can keep transportation capabilities
abreast of foreseeable needs. The real ques-
tion is which type of investment (rail or
pipeline) makes the most sense economically,
socially, and environmentally. Similarly, the
amount of coal to be mined and consumed on
a national scale will not be affected as much
by transportation capacity or cost, especially
in the West, as by the environmental and
social costs of large-scale mining and combus-
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tion, the expense associated with converting
utility and industrial boilers from oil or gas to
coal, price trends in world oil markets, and the
national priority placed upon reducing
dependence on foreign energy supplies.

The pattern of distribution of coal from pro-
ducing areas to points of use, however, is sen-
sitive to transportation costs. Thus, relative
reductions in coal freight rates in the West will
encourage the use of western coal at greater
distances from where it is mined. (This issue is
addressed in a forthcoming OTA assessment of
future coal utilization. )

Issue 5

What other economic factors repre-
sent relative advantages or disad-
vantages of coal slurry pipelines?

Three areas of economic impact resulting
from reliance on slurry pipelines or railroads
remain to be considered. These involve
employment, agriculture, and impacts on the
distribution of income. Under the transporta-
tion scenarios considered in this study, the
total cumulative employment by slurry
pipelines and railroads until the year 2000 is
roughly equivalent with or without slurry
pipeline development. Pipelines over their
useful life are less labor intensive than
railroads, but during the construction period
labor requirements for pipelines are high.
Under the scenarios examined here, construc-
tion activity will continue until 2000 with
substantial employment in this sector and in
supplying industries as a result. Even without
the competition of pipelines for new coal traf-
fic, railroad employment is expected to remain
at a constant level, or even decline, until 1990.
If slurry pipelines capture a significant portion
of the coal transport market during this period,
especially if they do so after railroads have ex-
panded their operations to carry new coal traf-
fic, the decline in railroad employment may
outstrip attrition and result in actual layoffs.
This effect, however, is not likely to be great
on a national scale.

Agriculture may be affected locally by
future water availability impacts of slurry

pipelines, as well as by the cost and quality of
service by railroads. Train traffic can also have
direct adverse impacts on agriculture in the
form of possible disruption of ranching opera-
tions.

After computing overall costs, questions of
equity remain. Not all will benefit or be
burdened equally by a decision in favor of one
or another coal transport mode. A slurry
pipeline may lower the shipping costs of
utilities while raising them for noncoal rail
users. Pipeline construction will benefit con-
struction labor at the expense of railroad
labor. Some industries will benefit from an ex-
pansion of coal unit trains while the commu-
nities through which they pass will experience
the disruptive effects of such expansion.
Balancing the conflicting interests involved is
a subjective and political process. (These con-
siderations are also covered in chapter V.)

Issue 6

What will be the impacts of water use
for coal slurry pipeline development?
How might such impacts be mitigated?

The allocation of water for any use can
potentially have a significant impact upon: 1 )
the physical environment by diminishing sur-
face stream flows or depleting ground water
supplies; and 2) the future economic and social
well-being of the populace in the water source
area as choices must be made between com-
peting water uses in the future.

Physical environmental impacts are largely
a function of the ratio of pipeline water re-
guirements to the size of physically available
surface and ground water flows. In none of
four hypothetical pipeline routes analyzed
would the water needed be a large enough per-
centage of the total supply to have a signifi-
cant impact on stream water quality. In the
most extreme hypothetical case examined,
that of pipelines carrying 125 million tons of
coal per year from eastern Wyoming, the
proportion would be 3 percent of available sur-
face flows.

Economic and social impacts depend upon
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the degree to which pipeline water demands
infringe upon alternate uses for the same
water. Sufficient water is physically, although
not necessarily legally, available in three
western coal-producing areas studied to serv-
ice both existing uses at present levels and a
substantial number of coal slurry pipelines as
well. However, pipelines do compete directly
with other possible future uses. These include
alternative forms of energy development in-
volving inter alia facilities for coal mining,
electric power generation, and shale oil. Con-
sequently, a decision to construct a coal slurry
pipeline will require consideration now of
alternative uses for water in the future. When
levels of use exceed users’ rights, as is the case
during years of relative abundance of water,
new appropriations may displace present, as
well as future, uses.

The water-related impacts of coal slurry
pipelines can be mitigated if sources of water
can be found which are usable for slurry but
not for most other purposes. There are three
promising possibilities: irrigation return flows;
primary or secondary sewage effluent; and
most important, saline ground water. In each
instance the water may need some purification
for use as a slurry medium but this appears to
be a manageable requirement. Sewage ef-
fluent will not be available in sufficient quan-
tities in many areas to serve as more than a
supplementary water source, and the sizes and
locations of saline ground water sources are
generally not well known. An additional means
of mitigating the pressure on limited water
resources is to recycle the recovered slurry
water by return pipeline. The limiting factors
are the high but not necessarily prohibitive
cost of such a self-contained system and the
fact that not all of the water can be readily
separated from the coal.

It should be emphasized that coal slurry
pipeline water use represents only a small part
of a large set of issues surrounding water
resource allocation in the West. The National
Water Commission in 1973 described the situa-
tion as follows:

Water differs from other resources in

that to a large extent its allocation among
different uses is made outside a market
price system. Legal and administrative in-
stitutions based more often than not on
tradition rather than economic efficiency,
play a basic role in water allocation,
Therefore, public policy must be relied
upon to be a major determinant in the
flexible allocation of water resources to
achieve improved patterns of productive
uses. '

Further discussion of water use impacts is
contained under Water Use by Pipelines jn
chapter VI.

Issue 7

How does water law affect the viability
of coal slurry pipelines? Specifically,
who exercises control over water re-
quired for coal slurry pipelines, and
how might Federal or State authority be
affected by legislation?

State law governs access to surface and
ground waters within the State subject to two
major limitations: 1 ) waters shared with other
States, such as a river or lake that crosses State
boundaries, and 2) water controlled by the
Federal Government.

State governments exercise some control
over access to water for coal slurry pipelines in
a variety of ways. Water resource management
policy determines the rate at which ground
water sources are exploited, i.e., whether they
are mined or whether extraction is confined to
a rate not exceeding natural replenishment.
States can withhold water from use for pur-
poses of conservation and planning for future
needs. Even if adequate water supplies are
physically available, any potential user must
gualify under State law as a “beneficial use” in
terms of the public interest. The courts have
yet to resolve definitively the question of
whether coal slurry pipelines are a beneficial
use. Other State-imposed obstacles to pro-
viding water for slurry include “use
preference” policies, which could conceivably

‘National Water Commission, Water Policies for the
Future, Washington, 1973, p. 319
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result in preemption of the water supply of a
pipeline by other users after the pipeline is
operational, and prohibitions on the exporta-
tion of water out of State. The latter type of
provision, however, is of uncertain constitu-
tionality.

The Federal Government has ample power
under the Constitution to assure adequate
water supplies to a coal slurry pipeline, State
restrictions notwithstanding. That authority
derives primarily from the commerce and
property clauses of the Constitution. The
former has been interpreted to give the Federal
Government authority over all navigable water
and the latter over water from Federal proj-
ects. Moreover, there is judicial precedent in
support of the preemption doctrine, i.e., where
there is a declared Federal interest in a policy,
State law cannot be permitted to contravene
that policy.

Despite these sweeping powers, Federal of-
ficials have traditionally administered Federal
law in a way that tends to preserve State con-
trols over the distribution of water. Slurry
legislation presently pending before Congress
does not alter this situation. Control over
water supplies is unchanged in some proposed
bills, and in others the use of federally con-
trolled water for slurry pipelines is expressly
forbidden. However, the First lowa HydroElec-
tric Cooperative v. Federal Power Commission
case suggests that the courts may rule that
Federal certification of a coal slurry pipeline
will negate State attempts to restrict
unallocated water to the project even though
Federal statutes seem to reserve control over
water to the States. To the extent the law is
uncertain, the proponent of a coal slurry
pipeline who has been unable to obtain rights
to State water may seek to force such access
through litigation in the Federal courts.

If these matters are to be clarified, Congress
must address three issues through legislation.
First, it must be decided to what extent, if any,
water under Federal control should be made
available for coal slurry purposes. If it is de-
cided that such water should be provided, that
intent should be made unambiguously clear to

the administrators of Federal projects through
legislation. Second, Congress is in a position to
decide the extent to which control of water
resources for a pipeline survives the enactment
of legislation authorizing Federal certification
and regulation of pipelines. Pending legislation
leaves little scope for State regulation of
pipelines. If the intent of Congress is to
preserve meaningful State regulation then the
legislation should spell out what State ad-
ministrators may do to control water for
pipeline use. Third, Congress can determine
the degree to which the Federal Government
will defer to State law in distributing water
from Federal sources.

The basic problem facing Congress is
whether it is desirable and possible to reduce
the uncertainty surrounding water supplies for
coal slurry pipelines while protecting to a
substantial degree existing State jurisdiction
over water sources. (For further discussion of
water law, see Water Law, chapter VI |)

Issue 8

What are the principal relative social
and environmental impacts aside from
economic benefits of railroads and
pipelines as coal carriers? To what ex-
tent can adverse impacts be mitigated?

Water requirements and possibly some tran-
sient effects of construction constitute the
principal source of adverse environmental and
social impacts associated with coal slurry
pipelines (see Issue 6 above), For railroads the
major negative impact is social — the disrup-
tive effect of increased unit train traffic upon
the lives of individuals living or working near
the tracks. That disruption can take a variety
of forms: increased exposure to train noise, in-
terruption of commuting and other automo-
bile traffic, additional accidents at grade
crossings, and interference with cattle
movements on range land.

Some of the adverse impacts that result
from increased unit train activity can be
mitigated. Grade separations permit the safe
movement of vehicle and pedestrian traffic
across tracks. Cattle passes may facilitate the
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movement of herds from one range to another.
New highway and rail construction can be
planned so as not to intersect if at all possible.
New tracks can be laid to avoid residential
areas, and land alongside existing track can be
zoned nonresidential. These “solutions” are
not without their drawbacks. Some, like vehi-
cle grade separations, are expensive, and the
costs are often borne in part by the public. The
utility of grade crossings for cattle is uncertain.
Some impacts must simply be accommodated,
e.g., the nonresidential zoning of town land
alongside the tracks may be necessary where
no practical means are found to reduce ex-
posure to train noise. To a significant degree,
whether the impacts of increased unit train
traffic prove manageable will depend on the
extent to which railroad companies and the
communities and landowners along the tracks
are able to cooperate and work together to
deal with those problems that arise.

Other environmental and social
associated with either coal slurry pipelines or
unit trains, e.g., air pollution, construction im-
pacts, revegetation, and occupational health
and safety, are not particularly serious or are
roughly equivalent for the two modes. (En-
vironmental impacts are covered in chapter
VI with a specific section on Community
Disruption by Railroads.)

Issue 9

impacts

What present Federal or State en-
vironmental protection laws are rele-
vant to potential adverse impacts of
railroads or slurry pipelines?

The major Federal environmental protection
laws relevant to coal slurry pipelines and unit
trains are the National Environmental Policy
Act (N EPA), and the Federal Water Pollution
Control Act (FWPCA). Also applicable, but less
important in this instance, are the Clean Air
Act (CAA), the Noise Control Act (NCA), the
Resource Conservation and Recovery Act
(RCRA), the Safe Drinking Water Act (SDWA),
and for protection of construction and opera-
tion personnel, the Occupational Safety and
Health Act (OSHA).

Under the requirements of NEPA any major
Federal action significantly affecting the en-
vironment must be preceded by an En-
vironmental Impact Statement (E 1S). It is
technically possible at present to construct
and operate a slurry pipeline without a Federal
EIS, since no major Federal action or certifica-
tion is required to initiate service. Increased
train traffic, the basic source of rail-related en-
vironmental problems, also does not require
an EIS. However, a number of activities in
connection with the construction and opera-
tion of both coal slurry pipelines and unit
trains may involve Federal action requiring an
EIS. These include construction or-I Federal
lands, crossing “navigable waters” or “waters
of the United States” (which includes most of
the Nation’s surface waters), and discharge of
wastes into waters of the United States.
Regulatory agencies granting certificates of
Public Convenience and Necessity for exten-
sion or abandonment of service must also file
EISs. Where Federal action is not involved,
pipeline and rail activities will require a State
E IS in some instances,

The waters of the United States are pro-
tected against pollution discharges from coal
slurry pipelines or unit trains under FWPCA.
The FWPCA does not cover ground water,
which will be partially protected by regula-
tions to be promulgated by the Environmental
Protection Agency (EPA) under the SDWA and
the RCRA. For example, SDWA regulations will
govern the underground disposal of waste
water, and RCRA leaching of waste water,
from preparation of the coal slurry or from
dewatering facilities and possible holding
ponds. Railroad and pipeline construction ac-
tivities will be subject to Federal regulations
concerning nonpoint source pollution and ero-
sion runoff.

The Clean Air Act as amended provides for
comprehensive control of air pollution. Under
CAA, EPA has promulgated national primary
and secondary ambient air quality and sta-
tionary source standards and is implementing
regulations for a variety of pollutants. These
are indirectly applicable to coal slurry
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pipelines in that they affect powerplants which
supply electricity to pumping stations. They
are not applicable to locomotive emissions.
Standards concerning particulate matter will
apply to coal dust emissions associated with
the preparation of coal for transport by
pipelines or rail and the operation of unit
trains. Construction of a pipeline or rail line
will, in some States, be subject to standards
and regulations concerning fugitive dust.
Locomotive emissions may be regulated under
State implementation plans.

Other impacts associated with the construc-
tion and operation of one or the other of the
two transport modes and subject to Federal
regulation include train noise under NCA, and
railroad crossing safety under OS HA. Finally,
under some Federal environmental protection
statutes private parties could bring suit to
remedy pipeline- or rail-induced environmen-
tal damage by compelling EPA or other ap-
propriate regulatory agency toenforce the ap-
plicable statute. Several Federal and State pro-
grams are aimed at improving safety and
reducing inconvenience at railroad highway
grade crossings, partially at public expense.
Provisions of the 1976 Federal Highway Act (23
USC 140, 203) are examples. (See Environrnen-
tal Law, chapter VIl)

Issue 10

What present Federal and State laws
are applicable to land acquisition for a
coal slurry pipeline right-of-way? What
legal precedents are provided by other
commodities and transport modes?

The power of eminent domain is inherent in
the authority to govern and is limited only by
the principles of just compensation to the
owner of the expropriated property, the ter-
ritorial jurisdiction of the government con-
cerned, and the requirement that any grant of
eminent domain authority must serve a bene-
ficial public purpose. Statutory limitations
may be imposed in connection with particular
grants of eminent domain authority. Congress
has the power to formulate legislation granting
rights-of-way over Federal public lands, na-

tional forest lands, and through powers of emi-
nent domain, over private and State lands for
pipelines engaged in interstate commerce.

At present no Federal legislation grants emi-
nent domain authority for coal slurry pipe-
lines. Among States west of the Mississippi, six
have enacted eminent domain provisions for
that purpose. Others have no statutes which
could be interpreted as including such authori-
ty, and in the rest a slurry pipeline company
could not be sure it had the power of eminent
domain until the issue was litigated. Recent
State legislation granting eminent domain to
slurry pipelines limits their use of State water
and subjects them to State regulation as a
common carrier. The pipeline must be deemed
to fulfill a “public purpose” within a State to
qualify for a grant of eminent domain power
from any State.

The issue of eminent domain for coal slurry
pipelines arises in large part because railroads
and other landowners, under whose land pipe-
lines would have to cross, have declined to
grant the necessary rights-of-way. In those in-
stances where a railroad holds fee title to its
own right-of-way, it can presently prevent a
slurry pipeline from crossing the tracks. Where
the railroad holds only an easement, it cannot.
In the Western States much of the early rail-
road rights-of-way were acquired under the
Pacific Railroad Acts of 1862 and 1864, and the
type of right-of-way acquired thereunder is in
dispute. Recent court judgments tend to sug-
gest that the railroads received only a limited
fee which would not empower them to prevent
crossing by a slurry pipeline, but further litiga-
tion will be required for a definitive resolution
of the matter. Even if the right to cross rail-
roads is achieved, slurry pipelines will still
have to negotiate rights-of-way from other
landowners, not all of whom will necessarily
be sympathetic.

A precedent for a Federal grant of eminent
domain power to a transportation enterprise
exists in the 1947 Amendment to the Natural
Gas Act, which gave such authority to in-
terstate natural gas pipelines. On the other
hand, the vast network of interstate oil
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pipelines (with one brief exception) together
with ammonia fertilizer pipelines and railroads
have been built with only State eminent do-
main authority.

A comparison of interstate coal slurry
pipelines with interstate natural gas pipelines
indicates that although the granting of Federal
eminent domain to gas pipelines does not man-
date such a grant to coal pipelines, it does fur-
nish a legal precedent if Congress finds such a
grant to be in the national interest.

On the other hand, comparison of coal
slurry pipelines with oil pipelines suggests that
State eminent domain authority may not be as
effective in meeting needs of the former as it
has been for the latter. (This area is discussed
further under Eminent Domain in chapter VII.)

Issue 11

What would be the direct conse-
guences of and alternatives to granting
coal slurry pipelines eminent domain
powers under Federal as opposed to
State law?

Congress has four basic options with regard
to eminent domain for coal slurry pipelines.
The first is to avoid granting authority and
leave the matter to the States. A number of
States have already enacted legislation grant-
ing slurry pipelines the power of eminent do-
main. In order to qualify for this benefit, most
States require that the prospective pipeline
operator obtain a license or certificate of
public convenience and necessity, be desig-
nated a common carrier or public utility serv-
ing a beneficial public purpose, and accept
State regulation regarding rates and access to
State water.

From the perspective of the pipeline
operator, this first option presents several dif-
ficulties. Under the best of circumstances it
will require negotiations with several State
governments, each with somewhat different re-
guirements. More seriously, a slurry pipeline
may have difficulty meeting the beneficial
public purpose test in the State in which it
originates and in those through which it passes

since the coal is not made available to markets
in those States. Consequently, the pipeline
may not qualify for a grant of eminent domain
authority under State law even if such legisla-
tion is on the books. Finally, there is no
guarantee that every State on the route of a
planned pipeline will enact the desired legisla-
tion. If a pipeline must be constructed without
the benefit of eminent domain authority, it will
be much more difficult if not impossible to ac-
quire the needed right-of-way. Some land-
owners may resist any passage or demand exor-
bitant prices. The result will probably be
delays, increased costs, and less efficient
routing.

The second option is to provide eminent do-
main authority under Federal law. Such a grant
of Federal authority would be valid in all
States and would exempt slurry pipelines from
State licensing or certification requirements.
In their place would be one certificate of
public convenience and necessity issued by a
Federal agency. At the same time State regula-
tions not in conflict with constitutional provi-
sions or Federal statutes could still be applied
to the pipeline. Compared to the first option,
this approach should facilitate the construc-
tion of slurry pipelines by reducing both delays
and costs.

The third option involves a conditional grant
of Federal eminent domain power. Such au-
thority would be granted to a pipeline only if
State eminent domain authority were not
available. The States would be allowed a
period of time in which to grant eminent do-
main authority to slurry pipelines on such con-
ditions as might be deemed necessary to pro-
tect the interests of the State. Only if a State
failed to act, or if State legislation proved
inapplicable to a particular pipeline, would
Federal eminent domain authority be pro-
vided.

The fourth option would be to grant the
power of Federal eminent domain for in-
dividual pipeline projects through specific
legislation. This approach would be cumber-
some, but it would allow Congress to deter-
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mine, in each case, the degree to which the na-
tional interest is served.

If it is determined that coal slurry pipelines
should be built, either Federal or State eminent
domain authority would appear to be a neces-
sity. If the objective is to encourage their rapid

development, Federal legislation has some
clear advantages. However, if the intent is to
reserve for the States the power to protect
their interests as they perceive them, then pre
emption by a Federal statute would be
undesirable.



V. Coal Slurry Pipeline and
Unit Train Systems



I\VV. Coal Slurry Pipeline and
Unit Train Systems

Assessing the costs and benefits of rail and pipeline alternatives required first,

the establishment of coal transportation market projections and second, the

development of cost relationships and traffic scenarios for the two modes. Since
the extent and pattern of transportation activity depend on the cost and con-
and the
transportation costs. This

chapter contains a brief description of the competing technologies followed by

figuration of the system, these two steps cannot be separated entirely,

market projections were later tested for sensitivity to

the results of the two analyses just mentioned.

TECHNOLOGY DESCRIPTION

Pipelines or other beneficiation may take place,
where the slurry is prepared.

Slurry pipelines have been proposed as a  begins with

Preparation
impact crushing followed by the

method for moving large volumes of coal over
great distances. Two such pipelines have been
built in this country, one is in operation, and
several are in different stages of planning (see
figure 1), The economic and environmental
advantages and limitations are a matter of
considerable dispute. In the absence of water-
ways, however, pipelines are claimed to be
potential competitors for coal traffic in
volumes of more than approximately 5 million
tons per year over distances greater than about
200 miles, particularly where rail facilities are
circuitous or in poor condition.

The process involves three major stages: 1)
grinding the coal and mixing it with a liquid
(generally water) to form the slurry, 2) transmis-
sion through the pipeline, and 3) dewatering
the coal for use as a boiler fuel, for storage, or
for transloading to another mode of transpor-
tation. These steps are diagramed in figure 2,
and some characteristics of selected coal and
other mineral slurry pipeline systems are
presented in table 1.

Slurry Preparation

Coal is assembled from a mine or group of
mines at a single point where mixing, cleaning,

addition of water and further grinding to a
maximum particle size of one-eighth inch.
More water is then added to form a mixture
that is about 50 percent dry coal by weight,
and the resulting slurry is stored in a tank with
mechanical agitators to prevent settling.

The optimum size distribution of the coal
and proportion of water is dependent on
design tradeoffs that are peculiar to the
specific application, and water requirements
are reduced to the extent of the initial
moisture content of the coal. Water is also not
necessarily the only slurry medium, and oil as
well as methanol derived from the coal itself
have been proposed.

Transmission

The slurry from the agitated storage tanks is
introduced into a buried steel pipe and pro-
pelled by reciprocating positive displacement
pumps located at intervals of approximately
50 to 150 miles, depending upon terrain, pipe
size, and other design considerations. The
slurry travels at a velocity just under 6 feet per
second, but the precise speed also depends on
the coal particle size distribution, pipe
diameter, and economic factors. ldeally, the

27
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Figure 1—Present and Proposed Coal Slurry Pipelines
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flow is maintained at a rate which minimizes
power requirements while maintaining the
coal in suspension. Once started, the flow
must continue uninterrupted, or the coal will
gradually settle and possibly plug the pipe.
Considerable technical controversy surrounds
the likelihood of this event and the possibility
that the pipeline can be restarted after given
periods of time. To prevent this type of set-
tling, the operating pipeline at Black Mesa has
ponds into which to empty the pipe in the
event of a break or other interruption.

The potential economic advantage of this
technology lies in the fact that the volume of
coal that can pass through a pipeline increases
approximately as the square of the pipeline
diameter, while construction, power, and other
operating costs do not rise in as high a propor-
tion. Therefore, if throughput volumes are high
enough to take advantage of this economy of

VA \\H
¢ ouston

Power Plant

scale, and if the pipeline is long enough to
recover the cost of gathering, preparing, de-
watering, and delivering the coal at the ter-
mini, the pipeline can compete with unit
trains.

Dewatering and Delivery

At the downstream end of the pipeline, the
slurry is again introduced into agitated tank
storage, from which it is fed into a dewatering
facility. Dewatering is accomplished by
natural settling, vacuum filtration, or by cen-
trifuge, and then the finely ground coal still
suspended in the water can be separated by
chemical flocculation. After additional drying
by the application of heat, the coal can then
be stored, transported further by other modes,
or introduced directly into grinding equipment
at a powerplant and injected into the boilers.
The reclaimed water can be used in an electric
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generating station’s cooling system to con-
dense steam, or it could theoretically be
recycled in a return pipeline.

Possible variations on this stage, which are
not covered by this assessment, include in-
troduction of coal slurry as a feedstock for
gasification or liqguefaction facilities designed
to take into account the fact that the coal is
already ground and mixed with water, or the
use of a combustible slurry medium like oil or
methanol so that dewatering would not be
necessary and the slurry could be used as a
boiler fuel directly.

Unit Trains

The principal economic competitors with
coal pipelines are unit trains. This type of train,

also designed to take advantage of scale
economies, generally carries a single com-
modity in dedicated service between two
points in sufficient volume to achieve cost sav-
ings. The cars are designed for automated
loading and unloading, and the train is
operated according to procedures which avoid
switching and time-consuming delays in freight
yards.

A typical coal unit train consists of six 3,000
horsepower locomotives and 100 hopper cars
with carrying capacitates of 100 tons each.
Roughly two such trains per week are therefore
required to deliver 1 million tons of coal per
year. Speeds vary considerably depending on
track conditions, but 20 to 50 miles per hour is
a common range. Trains generally travel more
slowly loaded than empty.

Figure 2-Schematic of Slurry Pipeline System
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COAL SLURRY. — Aerial view of the Black Mesa Slurry

Preparation Plant and Pumping Station near Kayenta, Ariz.

Photo: Courtesy of Southern California Edison Company

| CENTRIFUGES. — Southern California Edison Company
® employee in foreground holds lump of coal which is finely
f ground at Black Mesa, Ariz., before it goes through

273-mile slurry pipeline mixed with water (50-50%) and
slurried to huge circulating facilities — holding tanks — at
Mohave Generating Station. From holding tanks the coal/
water solution is sent into one of 40 centrifuges (20 for
each generating unit) where the coal is dewatered before
it goes into boiler furnaces.

—
GIANT MIXERS. - Inside one of the huge mixing tanks,
personnel at the Mohave Power Project display a kitchen-
size electric mixer to give some comparison with the
world’s largest mixing blades — used to keep powder-fine
coal in water solution (slurry). A battery of smaller centri-
fuges later expel the water from the coal before the fuel is
used to create electricity for three Southwest States,
Nevada, Arizona, and California.
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COAL MINING. — A thick seam of coal ex-
posed by stripping, done by the big dragline,
is being loaded into the Dart hauler by a front-
end loader. —_—

Photo. United States Department of Energy

——
COAL UNIT TRAINS. — Like the one de-
picted in this photo, typically utilize 6 locomo-
tives and 100 hopper cars. The trains are

El.

_—

COAL. — Sub-bituminous coal underlies some
25,000 square miles of Montana and Wyoming.
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Table 1. Summary of Selected Worldwide Commercial Slurry Pipelines

Annual
throughput
System or Length Diameter (million Initial
Slurry material location (miles) (inches) tons/year) operation
Existing
Coal. ..o Consolidation 108 10 1.3 1957
Black Mesa 273 18 4.8 1970
Limestone . ............. Calaveras 17 7 1.5 1971
Rugby 57 10 1.7 1964
Trinidad 6 8 0.6 1959
Colombia 17 04 1944
Copper Concentrate. . . . .. Bougainvillea 6 1.0 1972
West Irian 69 4 0.3 1972
KBI Turkey 38 5 1.0 —
Pinto Valley 11 4 0.4 1974
Magnetite Concentrate . . . Tasmania 53 2.3 1967
Waipipi (land) 4 8 1.0 971
Waipipi (offshore) 1.8 12 1.0 971
Pena Colorada 30 8 1.8 974
Gilsonite. ... , .. ......... Am. Gilsonite 72 6 0.4 957
Tails.................. . Japan 44 12 0.6 968
Nickel refinery tailings. . . . West. Mining 4.3 4 0.1 970
In Progress
Coal.................... Nevada Power
Utah/Nev. 180 24 10.0
Energy Trans. Systems, Inc.
Wyo./Ark. 1,036 38 25.0
Magnite and Hematite . . . . Sierra Grande 20 8 2.1
Brazil 250 20 12.0
Mexico 17 10 15
Planned
Coal.......... ... ... Houston Nat. Gas
Colo. to Tex. 750 22 9.0
Gulf Interstate N.W.
Pipeline 800 30 16.0
Phosphate . . . ........... Australia 200 16-22 4.0-6.0
Sulfur/hydrocarbon. . . . . .. Canada 800 12-16 -
Magnetite and hematite. . . Africa 350 18 6.6
Brazil 240 20 12.0
India 36 20-22 10.0
Mexico 17 10 15
Australia 44 8 0.9

°‘No longer in operation.

Source: John M. Huneke, Testimony before the House Committee on Interior and Insular Affairs on Coal Slurry Pipeline

Legislation, Washington, D. C., Sept. 12,1975.

Since these trains are frequently more
than 1 mile in length, one of the problems
associated with their use is the interruption of
traffic at crossings, especially where they ar-

rive frequently and travel slowly. Also, trains
of all kinds produce substantial amounts of
noise, and they contribute to community and
land-use disruption as well as to a component
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of highway traffic accidents. However, com-
pared to pipelines, railroads offer advantages
in terms of flexibility of operation and absence
of water requirements at the coal source.

To benefit from this
customer

improved service, a
must ship quantities sufficient to

justify economically a dedicated train and
often must invest in rapid loading and
unloading facilities to meet turnaround time
requirements. Also, it is sometimes to the
customer’s advantage to own the railroad cars
as well.

COAL TRANSPORTATION MARKET

As the use of coal for powerplant fuel ac-
counts for approximately 65 percent of all
domestic coal use, changes in demand for utili-
ty coal will have major ramifications for the
coal industry as a whole and the industries in-
volved in its transport. The complexity of the
problem is increased by the uncertainties
faced by electric utilities. In addition to ques-
tions of economic viability, expansion poten-
tial, and electrical demand, the utilities must
also consider future pollution-control re-
guirements that are directly relevant to their
selection of fuel type for new plant construc-
tion. As nuclear and coal-fired powerplants are
approaching equivalence in life cycle costs,
stringent pollution-control requirements can
play a significant role in the nuclear/coal
tradeoff. Pollutant-emission limitations also
affect the type of coal to be burned once the
decision to build a coal-fired plant is made. As
coal types are geographically localized, inten-
tions to burn specific coals add a spatial
dimension to the utility demand for coal.

To determine what patterns of coal use
utilities are likely to pursue under various
scenarios of electrical demand growth,
generating plant configuration, and en-
vironmental regulation, this study employed a
utility simulation model developed under the
sponsorship of the Environmental Protection
Agency (EPA). The model simulates the
behavior of the electric utility industry on a
State-by-State basis when economic, technical,
and environmental parameters are specified.
For this analysis, several scenarios have been
employed to bound the range of likely utility

response to various levels of electrical demand
and pollution-control requirements. Detailed
tables and maps have been prepared that
specify the type, amount, origin, destination,
and year of coal demand for the utilities in
response to each scenario.

Significant variations in production at the
regional level can be attributed to anticipated
changes in pollution-control requirements as
well as to overall demand growth rates. Under
current regulations, States must have plans to
improve and maintain ambient air quality to
levels specified by National Ambient Air
Quality Standards (NAAQS). In addition, emis-
sion limitations are expressly provided for the
construction of new sources in operation after
1977. Utility response to these requirements
have been, up to now, a process of deciding
whether to use low-sulfur coals or flue-gas
desulfurization equipment. This strategy en-
courages the use of low-sulfur western coals
able to meet the emission limitations estab-
lished by the New Source Performance Stand-
ards (NSPS). However, changes in the applica-
tion of New Source Performance Standards
that would mandate the use of flue-gas
desulfurization equipment capable of remov-
ing 90 percent of released sulfur dioxide (SO,)
on all new plants regardless of the sulfur con-
tent of the burned coal would sharply curtail
the demand for western coals as higher sulfur
“local” coals would not have to be transported
as far to the powerplant site. This effect is
most dramatic in the case of midwestern coals.
A partial list of factors influencing coal usage
appears below.
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Major Factors Influencing Coal Usage

Factors affecting the level of usage:

Z Rate of growth of national energy con-
sumption (especially electricity).

*+ Costs of competing fuels (especially im-
ported oil and uranium).

» Distribution of electricity demand over
time (peak vs. average power demand).

* Availability of capital, equipment, and
mining manpower for expansion of mining
capacity.

Factors affecting the distribution of usage:

* Regional differences in energy demand
growth.
* Emission | imitations on sulfur oxides.

* Regional differences in costs of com-
peting fuels.
+ Rate of retirement of oil- and gas-fired

powerplants.

* Relative costs of surface and deep mining.

* Availability and costs of transportation.

* Innovations in combustion and pollution-
control technologies.

* Federal and State policies toward further
development of coal reserves in the West.

Coal Sources

The model recognizes nine coal supply
regions, listed in table 2, and three types of
coal: bituminous, sub-bituminous, and lignite.
Figure 3 is a map displaying the areas within
the regions which are currently being mined or
which are likely to be mined in the foreseeable
future.

Utility Simulation Model

simulates the response of the
electric utility industry to postulated energy
demands, economic conditions, and en-
vironmental regulations— the complete set of
which specify a “scenario” -on a national
scale. Eight scenarios were executed to pro-
vide insights into the sensitivity of the model

This model

Table 2. Coal Supply Regions

States

Supply region Code encompassed

1. Northern Appalachia . . NA PA, MD, OH
2. Central Appalachia ... CA WV, VA, KY (east)
3. Southern Appalachia. . SA TN, AL
4. Interior Eastern....... IE IN, IL, KY(west)
5. Interior Western ... ... IW IA, KS, MO, OK,AR
6. Northwestern ........ NW MT, ND

Central Western . . .. .. CW WY, UT, CO
8. Southwestern........ SW AZ, NM
9. Texas............... TX TX

Source: Teknekron, Inc., Projection of Utility Coa/
Movement Patterns: 1980-2000, 1977.

to changes in variables and to reflect im-
provements brought about during the course
of the assessment. One was selected as the
basis for market assumptions in the subse-
guent economic analysis. Details of the model
and the results of all of the scenarios are
presented in Volume IlI, and what follows are
the salient features and assumptions along
with the selected set of results.

Coal Assignments

Coal is assigned to each generating unit on
the basis of least cost to the utility, taking into
account applicable sulfur-emission standards,
coal heating and sulfur content, and mining
and transportation costs. Four categories of
available coals are assigned to each State.
Three of the categories are the least expensive
coals available to the State that can meet ap-
plicable sulfur-emission requirements without
the use of flue-gas desulfurization. The emis-
sion limitations are specified for these three
categories according to: 1) applicable State
Implementation Plan (SIP) limitations for
nonmetropolitan areas, 2) applicable State Im-
plementation Plan limitations for metropolitan
areas, and 3) emission limitations for new units
under New Source Performance Standards
(NSPS). The fourth category of coal is simply
the least expensive coal available to the State
without regard to its sulfur content. The actual
assignment is made in a two-step procedure.
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Figure 3-Coal Supply Regions
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First, the sulfur-emission limitation in effect is
determined for each unit depending on its
location and the year that it went into service,
Secondly, costs are compared to determine if
it is more economical to burn the appropriate
low sulfur coal without additional cleanup or
to use flue-gas desulfurization equipment with
the cheapest coal available. All coal-fired units
within a given State that are subject to the
same sulfur-emission limitations burn the same
kind of coal, Neither blending of coals from
different supply regions nor cleaning of signifi-
cant amounts of coal are considered. Table 3
identifies the assigned coals in each of the four
categories for each State by class, sulfur con-
tent, and delivered price, The class of the
assigned coals are identified by the two letter
code for the region of origin (see table 2 for
codes), rank (bituminous (B), sub-bituminous
(S B), or lignite (L)), and whether they are
cleaned (C) or uncleaned (UC). Thus for exam-
ple, the concatenated designation “SA/B/UC”
for the nonmetropolitan SIP complying coal
for Alabama specifies a Southern Ap-
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()
palachian, bituminous, uncleaned coal. This

assignment procedure, which identifies only
one coal source for a given State and set of en-
vironmental restrictions, represents an impor-
tant limitation. It causes the model to predict
large concentrated flows of coal from single
producing areas to consuming States, so in-

dividual results at the State level are not as
reliable as hose corresponding to larger
regions,

Coal Prices

The prices developed in table 3 are ex-
pressed in 1975 dollars and are composed of
three major elements. These include an f.o.b.
mine raw coal price, a transportation cost from
the region of origin to the State of consump-
tion, and an additional component represent-
ing localized severance taxes or market
premiums. The f.o.b. mine prices used as a
base are calculated from National Economic
Research Associates (N ERA)’ data and con-

‘ National Economic Research Associates,Inc , Costs of SO,
Control for the Steam Flectric Power Industry, June 1975
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Table 3. Assigned Coals, by State, “No Cleaning” Scenarios (1975)

Non metropolitan SIP

Metropolitan SIP

NSPS

complying coal

complying coal

complying coal

Cheapest
available coal

Price Price Price Price
Sulfur (cents/ Sulfur (cents/ Sulfur (cents/ Sulfur (cents/
State Class (percent) 10° Btu) Class  (percent) 10°Btu) Class  (percent) 10 Btu Class  (percent) 10° Btu
Alabama. . SA/B/UC 17 51.3 CA/B/UC 12 93.7 CW/SB/UC 0.64 80.7 SA/B/UC 17 51.3
Arizona. ., SW/SB/UC 0.6 27.2 SW/SB/UC 0.73 27.2 SW/SB/UC 0.87 27.2
Arkansas SA/B/UC 13 65.0 CW/SB/UC 0.64 65.1 IE/B/UC 63.0
California. CWI/SB/UC 0.95 63.0 CW/SB/UC 0.5 63,0 CW/SB/UC  0.64 63.0 CW/SB/UC 0.95 63.0
Colorado CWI/SB/UC 0.85 42.8 CW/SB/UC 0.64 42.8 CW/SB/UC 0.95 42.8
Connecticut . None None None NA/B/UC 25 68.5
Delaware NA/B/UC 3.0 65.5 CA/B/UC 1.0 61.1 None NA/B/UC 3.0 68.0
Florida ... ., " None None None SA/B/UC 17 75,8
Georgia IE/B/UC 3.0 62.6 IE/B/UC 3.0 62.6 None IE/B/UC 3.6 62.6
Idaho CWI/SB/UC 1.0 36.2 CW/SB/UC 0.64 36.2 CW/SB/UC 1,0 36.3
Illinois IE/B/UC 3.6 541 CW/SB 0.96 63.0 CW/SB/UC  0.64 63.0 IE/B/UC 3.6 54.1
Indiana. . CW/SB/UC 0.64 69.5 CW/SB/UC  0.64 69.5 IE/B/UC 3.6 54.1
lowa ., ., . ....... IE/B/UC 3.0 59.8 CW/SB/UC  0.64 56.3 IW/B/UC 3.7 52.6
Kansas, . . CWI/SB/UC 0.95 51.8 CW/SB/UC  0.64 51.8 CW/SB/UC 0.95 51.8
Kentucky. . CA/B/UC 2.2 51.3 CA/B 0.77 65.8 CA/B/UC 0.77 65.8 IE/B/UC 3.6 54.3
Louisiana. ., SA/B/UC 17 65.0 SA/B/UC 17 65.0 CW/SB/UC 0.64 78.3 SA/B/UC 17 65.0
Maine. ., NA/B/UC 25 80.2 NA/B/UC 25 80.2 None NA/B/UC 25 80,2
Maryland . . CA/B/UC 1.0 58.5 CA/B/UC 1.0 58.8 None NA/B/UC 25 53.9
Massachusetts. . . . . . None None None NA/B/UC 25 71.3
Michigan NW/SB/UC 0.73 78.5 NW/SB/UC 0.64 78.5 |E/B/UC 3.7 66.5
Minnesota. NW/SB/UC 0.73 56.3 NW/SB/UC 0.73 56.3 NW/SB/UC 0.64 56.3 NW/SB/UC 0.73 56.3
Mississippi SA/B/UC 17 59.5 SA/B/UC 17 59.5 CW/SB/UC 0.64 78.3 SA/B/UC 17 59.5
Missouri, ., CW/SB/UC 12 63.0 CW/SB/UC 0.64 63.0 IW/B/UC 37 36.1
Montana . . NW/SB/UC 0.73 317 NwW/SB/UC 0.64 31.7 NWI/SB/UC 0.73 31,7
Nebraska. ... . . . . CW/SB/UC 0.95 40.8 CW/SB/UC 0.64 40.8 CWI/SB/UC 0.95 40.8
Nevada. ., ., ., . . None CW/SB/UC 0.64 49.8 CWI/SB/UC 0.95 49.8
New Hampshire . . NA/B/UC 1.8 68.5 NA/B/UC 18 68.5 None NA/B/UC 25 68.5
New Jersey . . . . . . CA/B/UC 10 , None None NA/B/UC 5.6 62.6
New Mexico SW/SB/UC 0.87 32.6 SwW/B/UC 0.77 50.8 SW/SB/UC  0.87 31.2
New  York. CA/B/UC 1.6 80.0 None None NA/B/UC 25 62.6
North Carolina CA/B/UC 1,0 72.5 CA/B/UC 10 72. CA/B/UC 0.64 89.5 CA/B/UC 21 725
North Dakota. Nwi/L/UC 1,0 30.9 NW/SB/UC 0.64 44.6 NW/L/UC 11 0.9
Ohio : : NA/B/UC 2.6 54.1 CW/SB/UC 0.64 78.3 CW/SB/UC 0.64 78.3 NA/B/UC 3.7 54.1
Oklahoma . . . . . . CW/SB/UC 11 58.3 CW/SB/UC 0.64 58.3 IW/B/UC 3.7 57.0
Oregon. ., ., NWI/SB/UC 0.73 65.3 NW/SB/UC 0,73 65.3 NW/SB/UC 0.64 65.3 NW/SB/UC 0.73 65.3
Pennsylvania, NA/B/UC 2.4 54.1 None NA/SB/UC 25 54.1
hode Island None None None NA/B/UC 25 68.5
South Carolina SA/B/UC 17 621 SA/B/UC 15 62.1 None SA/B/UC 17 62.1
South Dakota CW/SB/UC 0.95 331 CW/SB/UC 0.64 33.1 CWI/SB/UC 0.95 331
Tennessee. .SA/B/UC 17 53.9 CW/SB/UC 0.64 77.2 CW/SB/UC  0.64 77.2 SABUC 17 539
Texas, TX/LIUC 12 43.3 CW/SB/UC 0.64 74.0 TX/L/UC 12 43.3
Utah. CB/SB/UC 0.95 38.7 CW/SB/UC 0.64 38.7 CWI/SB/UC 0.95 38.7
Vermont. None None None NA/B/UC 2.5 68.5
Virglnia .. ... ... ... calsluc 17 51.1 None CA/B/UC 511
Washington. .NW/SB/UC 073 59.0 NW/SB/UC 073 60.0 NW/SB/UC  0.64 59.0 NW/SB/UC 0.73 59.0
W. Virginia CA/B/UC 14 51.3 CA/B/UC 1.0 51.3 CA/B/UC 077 66.0 CA/B/UC 21 51.3
Wisconsin . . . ... IE/B/UC 3.6 63.0 NW/SB/UC 064 65.3 IE/B/UC 3.6 25.1
Wyoming, .. None CW/SB/UC 064 25.1 CW/SB/UC 0.95 251

Notes: No entries under ““‘Complying Met SIP” means there Is only one is available, Sulfur content “‘as fired”. Prices in 1975 dollars,
SIP in that State, arbitrarily considered to be non-met “NONE" means Sources: Teknekron, Inc. Projectionsof Utility Coal Movement Patterns
the limitationis so stringent that no coal which can meet it without FGD 1980-2000.

verted to 1975 dollars. The transportation cost
is based on an assumed straight-line distance
and a transportation rate as described below.
A severance tax of 30 percent of f.o.b. mine
price is added to the price of Montana coals
(NW/SB class). A premium (“economic rent” of
$0.15/106 Btu) is added to the delivered price
of Appalachian coals complying with emission
limitations equivalent to, or more stringent
than, the New Source Performance Standards.

Time-dependent feedback relationships be-

tween the prices of coal and oil and rates at
which the utilities use these fuels are not in-
cluded in the analysis. Regional difference in
coal prices, heating value, and sulfur content
are accounted for in all the scenarios but an
unlimited supply of coal at current (real) prices
is assumed.

Coal Transportation
The model entails no constraints on the
transport of coal. Transport costs were
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calculated by multiplying the straight-line
distance from the center of the relevant supply
region to the center of the consuming State by
generalized transportation tariffs developed
by NERA?(0.8 cents per ton-mile for coal
originating in the West, 1.2 cents for coal
originating in the Midwest and East).

Generating Mix

All existing generating units of investor-
owned utilities, including nuclear, hydro, and
fossil-fuel fired units are included in the data
base, as are plants of the Tennessee Valley
Authority (TVA) and municipal systems in
Nebraska. Excluded utilities owned by public
agencies amount to 15 percent of total
generating capacity. New units currently
planned by the industry for the period 1975-85
are also included, except that they are not
brought “online” until the model determines
that they are needed. If assumed electricity de-
mand growth rates are lower than those im-
plied by the utilties’ plans filed with the
Federal Power Commission (FPC), the model
defers the startup date for an announced plant
by one or more years beyond that indicated by
the utility. The model sites new plants beyond
1985 (or later in the cases where new an-
nounced plants have been deferred), with the
mix between coal and nuclear specified ex-
ogenously.

Demand for Electricity

Starting with actual electricity sales in 1973,
a national average growth in peak and average
power demand is specified exogenously to the
model. This average rate is made to vary by
region of the country to reflect normalized
variations in population growth rates. Average
power-demand growth is 5.4 percent per year
in the selected scenario, while growth in peak
demand is 5.9 percent per year.

Scenario Description
Energy Alternatives

Each energy alternative specifies both
Government energy policy and the utilities’

*Ibid

response to that policy by expressing the
following factors quantitatively:

. Energy Policy
— Influence of Government management
of supply and demand.
—Availability and price of fuels.
— Regulations for powerplant fuel conver-
sions.
— Effect of natural gas curtailment.

. Utility Response
—Schedule for additions to capacity by
fuel type and State.
—Schedule for conversions of gas- and
oil-fired plants to coal.

The principal elements combined to specify a
given alternative are the effect of Government
demand-management policies on the rate of
growth in demand for electricity, the additions
to capacity by fuel type to meet demand and
the oil-to-coal, gas-to-coal, and gas-to-oil con-
versions to be carried out. Under the selected
scenario, the growth rates of 5.4 and 5.9 per-
cent for average and peak demand reflect no
Government policy for demand management.®
Fuel mixes for capacity additions are those
forecast by the nine regional reliability coun-
cils.

Coal prices have been discussed earlier, but
the model includes other fuels as well. Oil
prices are assumed to remain constant in real
terms, while natural gas prices rise from cur-
rent values to the Btu-equivalent price of oil in
1981, as reflected by current trends. Uranium
prices are formed from a complex projection
of utilities’ current contracts and the estimates
of future uranium prices, resulting in a signifi-
cant rise in (real) price into the 1990’s.

The curtailment of natural gas, in both the
interstate and intrastate markets, significantly
affects the future of the electric utility indus-
try in the primary gas-burning States. ' The in-
dustry must replace the curtailed capacity by

‘Fed era | E nergy Adm instration, Nat 1onal E nergy Outlook,
February 1976

*Texas, Ok lahoma, Lousiana, K ansas, Florida, and C a lifornia
(Texas alone burned 45 percent of all 1975 gas deliveries to
steam-e lectric plants Louisiana was second with 11 percent )
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utilizing  existing alternative fuel-burning
capability, by rebuilding boilers to burn oil or
coal, or by building additional new capacity

over that which would be built without natural
gas curtailments. All the energy alternatives in-
corporate the following set of plausible condi-
tions:

L All gas plants with only coal
alternative capability burn coal.

2. Al gas plants with only oil as an
alternative capability burn oil.

3. Gas plants that can burn either coal or oil
switch to these fuels in proportion to cur-
rent consumption of coal and oil by
powerplants in the affected State.

4. All gas plants with no alternative firing
capability burn gas until 985 and then
are gradually phased out over the 10-year
period from 985 to 1995.

as an

The last category includes 32 percent of the
Nation’s gas plants and 40 percent of the
Texas, Louisiana, Oklahoma, and California
gas capacity. This degree of curtailment agrees
closely with utility plans filed with the FPC.

Additions to generating capacity in the
selected scenario are an extension of currently
scheduled additions to generating capacity as

shown in table 4, disaggregated by Electric
Reliability Council region. The regions are il-
lustrated in figure 4. A more detailed examina-
tion of the schedule for fossil-fueled steam
capacity shows a breakdown into 80.9 percent
coal-fired, 17.5 percent oil-fired, and 1.6 per-
cent gas-fired, with all the gas-fired capacity
scheduled to come online by the end of 1978.
For simplicity in scheduling out to later years,
the apportionment of new fossil steam capaci-
ty is 81 percent coal and 19 percent oil.

The utilities have also reported their inten-
tions to add capacity in the decade from 1986
through 1995. These data, also obtained from
the nine National Electric Reliability Councils,
are summarized in table 5. Since the data were
not further broken down, the same 81 percent
coal/19 percent oil split in these fossil-fueled
steam generation units is assumed.

Considering only the steam capacity
planned after 1985, the division between coal,
oil, and nuclear in capacity additions is ap-
proximately as follows:

. Coal 33 percent

) Fossil = 41 percent
. Oil . . . 8 percent )
. Nuclear. 59 percent

Table 4. Scheduled Additions to Capacity, for the Decade 1976-85, as of April 1,1976,
as Reported by Nine Regional Reliability Councils

Nuclear Fossil Hydro, other

Total -

Council additions MW % Mw % MW %

(MW)

NPCC. .. 26,137 20,043 76.7 4,175 16.0 1,917 7.3
MAAC . . 21,863 16,755 76.7 5,079 23.2 28 0.1
ECAR. .. 42,461 19,743 46.5 22,582 53.2 136 0.3
SERC. .. 72,021 49,997 69.4 18,761 26.0 3,262 45
MAIN . .. 22,987 13,266 57.7 8,386 36.5 1,335 5.8
SWPP. .. 34,752 12,255 35.3 20,851 60.0 1,644 4.7
ERCOT.. 17,739 4,945 27.9 12,433 70.1 360 2.0
MARCA . 13,968 2,396 17.1 11,316 81.0 254 1.8
WSSC . . 53,918 23,330 43.3 18,738 34.7 11,849 22.0
Totals 305,846 162,730 53.2 122,321 40.0 20,785 6.8

Source: National Electric Reliability Council.
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\ .
\' Figure 4— Regional Reliability Councils of the National Electric Reliability Council
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Table 5. Planned Additions to Capacity for the Decade 1986-95, as of April 1,1976,
as Reported by Nine Regional Reliability Councils

Hydro, other

Total Nuclear Fossil
Council additions MW 0/0 MW % MW 000
Mw)
NPCC. .. 37,710 28,954 76.8 3,175 8.4 5,581 14.8
MAAC .. 31,545 16,173 51.3 14,299 45.3 1,073 3.4
ECAR. .. 86,500 44,115 51.0 39,790 46.0 2,595 3.0
SERC... 35,021 19,927 56.9 11,172 31.9 3,922 11.2
MAIN . .. 51,570 28,234 55.0 23,336 45.0 0 0
SWPP. .. 75,844 40,752 53.7 35,090 46.3 0 0
ERCOT.. 44,000 23,900 54.3 19,220 43.7 880 2.0
MARCA . 18,591 8,180 44.0 9,760 52.5 651 35
WSCC .. 85,000 50,065 58.9 24,055 28.3 10,880 12.8
Totals 465,781 260,300 55.6 179,897 38.6 25,582 55

Source: National Electric Reliability Council.
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All post-1985 steam capacity is assigned in the
above proportion and the mix of capacity
planned to 1985 remains unaltered.

A coal conversion plan for existing and an-
nounced fossil steam units embodied in the
selected scenario is as follows:

* Federal Energy Administration (FEA) con-
version orders under the Energy Supply
and Environmental Coordination Act
(ESECA), for the conversion of oil and gas
plants to coal plants, are not approved by
E PA, and no such conversions take place.

* Gas plants that can convert only to coal
do SO.

+ All new oil-fired fossil steam units coming
online after 1980 burn oil.

* Gas plants that can burn either coal or oil
switch to these fuels in proportion to the
consumption of coal and oil by
powerplants in the affected State.

In summary, the energy alternative
represented by the selected scenario is a rela-
tively high demand, high nuclear one, par-
ticularly in the years beyond 1985. The high
rate of demand growth and the low proportion
of coal to nuclear plants tend to balance each
other to produce an intermediate projection of
coal use. A recapitulation of the main energy
features of the scenario follows.

* Growth in demand for electric energy
— 5.4 percent per year

*+ Growth in peak power demand
— 5.9 percent per year

+ Additions of new steam capacity after
1985
—-33 percent coal
-8 percent oil
—59 percent nuclear

* Conversion policy
— FEA conversion orders under ESECA,
for the conversion of oil and gas plants
to coal plants, are not approved by EPA
and no such conversions take place.
—Gas plants that can convert only to coal
do SO.

—AIl new oil-fired fossil steam units com-
ing online after 1980 burn oil.

—Gas plants that can burn either coal or
oil switch to these fuels in proportion to
the consumption of coal and oil by
powerplants in the affected State.

Environmental Alternatives

When incorporated into a scenario, each of
several environmental policy alternatives will
elicit a different response from the utilities,
because of the intimate relationship between
regulation and the behavior of the industry.
The alternatives considered emphasize limita-
tions on emissions from coal-fired plants as
well as plant-siting restrictions. Utility
response concerns the type of coal used, the
pollution-control strategy employed, and the
location of the post-1985 plants.

The chosen scenario illustrates the impact
of a Non-Significant Deterioration (NSD)
policy reflecting recent amendments to the
Clean Air Act. This alternative is characterized
by a restrictive siting policy and by one inter-
pretation of what constitutes Best Available
Control Technology (BACT). Siting is pro-
hibited in areas where deterioration of air
guality cannot be tolerated (for example, na-
tional parks and other Federal lands) and in
nonattainment areas. Flue gas desulfurization
(FGD) is required for all new coal units online
after 1981. Assumed policy instruments in-
clude:

® Current State implementation plans.

® Current New Source Performance Stand-
ards.

® Siting prohibited in Class | and nonattain-
ment areas. Since siting is not allowed in
any county that contains any part of a
Class 1 area, a significant land area is pro-
scribed for development.

® For new sources online after 1981, BACT
is required for S0,. This is interpreted to
mean mandatory FGD with 90-percent
removal efficiency.

The policy of nonsignificant deterioration is
designed to prevent the deterioration of air
guality in those regions now cleaner than re-
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gquired by the National Ambient Air Quality
Standards. The recent Clean Air Act amend-
ments have the same goal. Area descriptions
relating to NSD requirements considered in
this analysis are as follows:

¢ Mandatory Class | if area exceeds 5,000
acres
— national and international parks
— national wilderness areas and wildlife
refuges

Z Class | with provision for redesignation as
Class I |
— national monuments, recreational
areas, wild and scenic rivers

. Class |
Class |
— national preserves, forests,

tions, and other Federal lands

I with provision for redesignation to

reserva-

All mandatory or discretionary Class | areas
are considered Class | in the Utility Simulation
Model. The model's smallest resolution is at
the county level; hence, any county containing
any Class | area is designated a Class | county.
In this scenario, the siting of fossil-fuel
powerplants in Class | counties is prohibited,
even though a small plant might be permitted
by the increment of deterioration allowed.

In selecting a site for a new plant a utility
makes a difficult decision, taking into account
the distance to load center, costs of fuel and
electricity transmission, availability of water
and labor, and siting restrictions for en-
vironmental reasons, There are conflicting
criteria for siting. Remote siting may be re-
quired to remove the source from a polluted
area with a high population density, while
regulations to prevent the significant
deterioration of air quality exert pressure for
siting away from clean areas toward areas hav-
ing greater population density.

Remote siting has been an important alter-
native for coal. Typically, transportation ac-
counts for a very significant fraction of the
cost of coal delivered to the utility. Location
near the mine, with long transmission lines, has
proved cost effective in some cases. Projec-

tions of future costs of transport indicate an in-
creased tendency toward remote siting. On the
other hand, nonsignificant deterioration pro-
posals would constrain both the number of
available sites and the maximum size of a
fossil-fueled plant. Taking all considerations
into account leads to two different siting con-
straints:

* Siting of new (post-1985) fossil-fueled
plants conforms to NSD regulations.
Transmission costs, transportation costs,
availability of water, and suitability of ter-
rain are taken into account only in Class Il
areas. No siting is allowed in Class | coun-
ties, because the allowed air quality in-
crements are too small to support an eco-
nomically sized generation facility. A
Class | county is a county having any-
where within its boundaries a Class | area
as specified by the proposed amend-
ments,

+ Siting of new (post-1 985) plants is pro-
hibited in areas where primary NAAQS for
sulfur oxides, nitrogen oxides, or total
suspended particulate are currently ex-
ceeded.

Results

The projections generated by the model
under the selected scenario approximate an
average annual compound growth rate for
utility steam coal consumption of 4.2 percent.
The total volume is projected to be 942 million
tons in the year 2000 compared with actual
deliveries to electric utilities of 429 million
tons in 1975. Before 1985, the projection is
consistently lower than those of several other
studies, due to three major causes. One is the
exclusion of some noninvestor-owned utilities,
which accounted for 27 million tons of coal in
1974. Another is the use in this study of electric
power demand growth instead of announced
additions to generating capacity as a realistic
determinant of future fuel use. The last causes
a reduced rate of assumed growth based on re-
cent experience as opposed to historical
averages.
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Levels of projected coal production by transportation cost assumptions. Penetration
region appear in table 6, and patterns of of western coal into eastern markets, for ex-
distribution from producing region to consum- ample, is highly dependent on transportation
ing States are detailed in table 7. Figures 5 costs and on BACT requirements. High trans-
through 9 are maps indicating those flows of portation costs and BACT tend to reduce the
more than 5 million tons per year which use of western coal east of the Mississippi.
traverse distances over 200 miles. Pipeline Also, the fact that the model chooses only one
transportation is unlikely to be economically source of coal for a State, given a set of en-
competitive at lesser distances and volumes. vironmental requirements and embodies no
market price-adjustment mechanism, tends to
reduce the realism of results at the individual
State level. The coal flows presented are
therefore only illustrative of a plausible
overall national pattern, and embody a high
degree of uncertainty.

The results corresponding to the seven addi-
tional scenarios indicate that the magnitudes
of the flows are quite dependent on assumed
demand growth rates, and that the spatial
distribution of the coal movements are highly
sensitive to environmental regulation and

Table 6. Projected Regional Utility Coal Production

(Millions of tons per year)

Appalachian Interior Western Total
(Northern, Central, (Eastern and (North, Central, (Including

Year and Southern) Western) and South) Texas)
1975a. . oo 208 ¢ 134 73 429
1980 . . ..o 111 31 163 399
1985 . . .. 224 64 223 523
1990 . . .o 259 101 260 632
1995 . . 297 133 324 772
2000. ...t e 352 211 364 942

a1975 figures are actual. Differences in the distribution of production between 1975 and 1980 are due primarily tothe

assumption underlying the model that specified environmental regulations will be complied with by 1980.
Source: Derived from data in Teknekron, Inc.
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Table 7. Projected Utility Coal Distribution From Region of Origin to State of End Use
(Millions of tons per year)

Year
State 1980 1985 1990 1995 2000
Alabama(total). . ..................... 12 12 15 18 21
S. Appalachian. .................... 12 12 15 18 21
C.Western . ..., 0.20 0.10 0.03 — —
Arizona (total). . ........... ... ... 2.7 0.44 0.34 0 0
S.Western............. ... 2.7 0.44 0.34 — —
Arkansas (total) .. ........ ... ... . ..... 0 1.6 34 7.0 8.4
lLEastern............. .. ... ... .... - - 1.6 18 7.0 8.4
C.Western. ..., 1.6
California(total). . .................... 091 9.2 14 31 39
C.Western ..., 0.64 8.9 14 31 38
S.Western............. ... .. 0.27 0.27 — — 0.95
Colorado (total) . . . .................. 4.4 6.3 8.8 12 16
C.Western ..., 4.4 6.3 8.8 12 16
Connecticut (total) . . ................. 0 11 0 0 0
C.Appalachian.................... — 11 — — i
Delaware (total). .. ................... 1.2 1.0 1.2 11 0.96
C.Appalachian . ................... 1.2 1.0 1.2 11 0.96
C.Western. ..., — 0.03 — — I
Florida(total) . ....................... 8.8 16 21 22 32
S. Appalachian. .................... 8.8 16 21 22 32
Georgia(total) . .......... ... ... 1.6 19 23 28 39
lLEastern ............. ... i 1.6 19 23 28 39
Idaho (total) .. ........ ... ... .. ... ... _ 15 3.0 3,0 2.9 3.0
C.Western ..., 15 3.0 3.0 2.9 3.0
lllinois (total) . . ...................... 30 35 38 47 74
lLEastern............. .. ... ...... 10 16 22 31 58
C.Western ..., 20 19 16 16 16
Indiana (total). .. ........ ... ... ..... 30 30 43 47 59
lLEastern........... ... ..., E— 5.3 18 28 42
C.Western. ..., 30 25 25 19 17
lowa(total) ............ ... . 5.9 8.7 9.0 74 10
lLEastern............. ... ... .... 5.9 4.7 4.1 3.3 2.7
ILWestern.......... ... oo, — 3.8 4.9 4.1 7.3
Kansas (total). . ............ ... .. .... 5.7 4.8 8.1 23 19
lLEastern.............. ... ... 5.7 1.8 E— E— —
l.Western.. . ... .. — 3.0 3.6 E— —
C.Western ..o, — — 4.5 23 19
Kentucky (total). . .......... ... ... ... 23 23 25 29 34
C. Appalachian .................... 23 19 5 13
lLEastern............. ... ... .... — 3.6 9.8 16 23
Louisiana (total). . .................... 0 8.5 9.4 14 16
S. Appalachian..................... — 15 8.3 11 16
lLEastern............. ... ... ..... — 15 11 — I

C.Western........................ I 55 — 3.5 —
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Table 7. Projected Utility Coal Distribution From Region of Origin to State of End Use—Continued

(Millions of tons per year)

Year
State 1980 1985 1990 1995 2000
Maine (total). .. ............o ... 0 0 0 0 0
Maryland and D.C. (total) . . ............ 3.6 6.2 5.6 12 14
N. Appalachian . ................... 34 5.8 51 12 14
C.Appalachian.................... 0.13 0.30 0.40 —
S.Appalachian. .................... 0.10 0.10
C.Western. ..., 0.10 0.10 0.10 0.03 0.03
Massachusetts (total). . ............... 0 0 0 0 0
Michigan (total) . . . ................... 25 29 26 26 30
lLEastern........... ... ... .. ..... — 5.8 8.2 7.6 13
N.Western........................ 25 23 18 17 17
C.Western............cooiii. 0.06 — — 1.8 E—
Minnesota (total) . . ................... 5.4 11 14 16 17
N.Western........................ 5.4 9.7 13 15 16
C.Western............coiiina.. — 1.2 11 1.1 1.0
Mississippi (total .................... 3.8 4.9 6.1 10 13
S. Appalachian .................... 3.8 4.9 6.1 10 13
Missouri (total).. .................... 25 27 29 35 41
lLWestern. ... ..., — 1.6 6,0 17 27
C.Western ... ..., 25 25 23 18 14
Montana (total) . . .................... 7.4 7.4 7.3 7.3 7.3
N.Western........................ 7.4 7.4 7.3 7.3 7.3
Nebraska (total) . ..................... 5.2 5.2 5.2 5.2 5.2
C.Western ..., 5.2 5.2 5.2 5.2 5.2
Nevada (total). . . ............. ... ..... 6.5 7.4 9.8 75 3.9
C.Western................ovvun.. 6.5 7.4 9.8 7.5 3.9
New Hampshire (total) . . .............. 0.10 0.60 0.04 0.50 0.30
N. Appalachian . ................... 0.10 0.60 0.04 0.50 0.30
New Jersey (total). . .................. 15 1.3 1.0 1.0 2.5
N. Appalachian . ................... 0.52 0.32 — E— 15
C.Appalachian .................... 1.0 1.0 1.0 1.0 1.0
New Mexico (total) . .................. 7.3 8.1 9.3 12 10
C.Western................coiuunn — — - — 24
S.Western . ............ .o 7.3 8.1 9.3 12 7.9
New York (total). . .................... 3.8 35 8.8 8.8 11
N. Appalachian . ................... 19 1.8 7.2 7.6 8.3
C.Appalachian . ................... 1.9 1.7 1.6 1.2 2.6
North Carolina (total) . . ............... 18 18 15 15 16
C.Appalachian .................... 18 18 15 15 16
S. Appalachian. .................... 0.31 — 0.10 0.01 0.07
North Dakota (total). . ................. 0.29 0.77 3.9 6.6 12
N.Western .. ..., 0.26 0.76 3.9 6.6 12
C.Western. ..., 0.03 0.01 0.01 0.01 0.02
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Table 7. Projected Utility Coal Distribution From Region of Origin to State of End Use—Continued

(Millions of tons per year)

Year
State 1980 1985 1990 1995 2000
Ohio (total). . . ....... ... ... . . . ... ... 45 48 43 48 48
N. Appalachian . . ... ............... 43 47 42 47 47
C.Western........................ 1.6 1.3 11 11 0.92
Oklahoma (total) . . .. ................. 0.02 9.2 14 17 25
lLWestern . . . ......... ... .. ... . ... —_— 9.2 14 17 25
C.Western........................ 0.02 —_ — — E—
Oregon (total). ... . . .o oo 1.5 31 0.06 5.1 1.0
N.Western . . . ..................... —_— S— - 0.9 1.0
C.Western. ... 1.5 31 0.06 4.2 -
Pennsylvania (total). . . . ............... 37 36 55 59 67
N. Appalachian . . ... ............... 33 32 50 57 67
C. Appalachian . . .. ................ 4.0 3.6 4.9 1.9 —
Rhode island (total). .., . .. ............ 0 0 0 0 0
South Carolina (total) . . . .............. 1.9 2.0 1.7 1.2 1.2
S. Appalachian. . ................... 1.9 2.0 1.7 1.2 1.2
South Dakota (total) . .. ............... 1.4 2.1 2.2 2.4 2.7
N.Western . ............. ... 1.4 1.4 1.4 S
C.Western . . . ..., _ 0.70 0.80 1.0 2.7
Tennessee (total). . . .. ................ 19 8.8 7.0 2.8 0.96
S. Appalachian . . ................... 19 8.8 7.0 2.8 0.96
Texas (total) . . ......... .. ... .. .. .. ... 15 48 84 112 141
S. Appalachian. . .. ................. _ 1.5 11 1.0 —
C.Western . ... 1.3 35 72 93 125
S.Western . . ... ... . e - — 0.20 0.20
TeXAS . v o 14 12 12 18 16
Utah (total) . . ... 3.2 4.0 2.0 8.0 18
C.Western. . . ... 3.2 4.0 2.0 8.0 18
Vermont (total). . ..................... 0 0 0 0 0
Virginia(total) . .. .................... 6.2 34 5.2 5.3 9.2
C. Applalachian . . .................. 34 15 4.4 45 8.9
S. Applachian. . . . ........ ... ... . ... 2.8 1.90 0.80 0.80 0.30
Washington (total). . .. ................ 2.9 2.9 2.9 2.9 2.9
N.Western. . ...................... 2.9 2.9 2.9 2.9 2.9
West Virginia (total) . . . . .............. 24 23 30 44 52
N. Appalachian . ................... 1.2 11 0.97 0.54 —
C. Appalachian . . .. ................ 23 22 29 43 52
Wisconsin (total). . . .................. 12 13 9.2 10 6.5
ILEastern......................... 7.5 9.3 5.9 6.9 35
N.Western. . ........... ..., 4,4 3.9 3.3 3.3 3.0
Wyoming (total). . . ................... 4.4 10 12 9.8 12
C.Western . . ... ... 4.4 10 12 9.8 12 B

Source: Data from Teknekron, Inc.
NOTE: These projections are intended to illustrate a plausible overall national pattern and do not represent predictions
that the coal volumes will be transported between the listed origins and destinations.
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Figure 5-Year 1980 Potential Utility Coal Movements of More Than
5 Million Tons per Year over Distances Greater Than 200 Miles
(Millions of Tons per Year)*
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Figure 6-Year 1965 Potential Utility Coal Movements of More Than
5 Million Tons per Year over Distances Greater Than 200 Miles
(Millions of Tons per Year)*
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Figure 7-Year 1990 Potential Utility Coal Movements of More Than
5 Million Tons per Year over Distances Greater Than 200 Miles
(Millions of Tons per Year)*
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Figure 8- Year 1995 Potential Utilitv Coal Movements of More Than
5 Million Tons per Year over Distances Greater Than 200 Miles
(Millions of Tons per Year)*
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Figure 9-Year 2000 Potential Utility Coal Movements of More Than
5 Million Tons per Year over Distances Greater Than 200 Miles
(Millions of Tons per Year)*
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COST COMPARISONS AND
TRAFFIC ASSUMPTIONS

Comparison of the economic and environ-
mental features of a world with slurry pipelines
to another without them requires the establish-
ment of plausible scenarios describing the
nature of the transportation system in each
case. The critical characteristics to be
specified for each mode are cost and extent of
operations. The world without pipelines in-
volves a rail system which, with other present
modes, would meet the hypothetical demand
for utility coal transportation outlined in the
last section. Under the other scenario, one en-
visions a hybrid rail and pipeline system which
would carry projected traffic by the cheaper
mode from the shipper’'s standpoint.

The second scenario
conjectural, depending

is necessarily highly
not only on the

simplified projections of the coal transporta-
tion market, but also on crude cost estimates
and uncertain predictions of the behavior of
transportation firms, their customers, and
government regulatory bodies. However, the
purpose of this section is to derive a plausible
if arbitrary set of market share and cost
assumptions that are sufficiently favorable to
pipelines to provide a basis for comparison
with a “no pipeline” alternative.

costs

Four hypothetical case studies, described in
Volume 11, provide the focus for both the cost
and environmental analyses of the assessment.
Four coal flows from among those identified in
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the last section were chosen and arbitrarily
assigned specific States of origin as follows:

1. Central Western coal from Wyoming to
Texas,

2. Northwestern coal from Montana to
Minnesota and Wisconsin,

3. Central Western coal
California.

4. Southern Appalachian
Tennessee to Florida

from Utah to

coal from

These four origin and destination pairs exhibit
differences in a) region of the country, b) con-
dition and circuity of the rail system, c) type of
terrain, d) access to water, e) type and concen-
tration of mining activity, and f) volumes of
coal to be transported.

The costs considered here are incremental
ones from the viewpoint of a railroad or
pipeline enterprise, and they therefore repre-
sent the rates that a firm providing the
transportation would have to charge its ship-
pers in order not to lose money on the traffic in
guestion They do not necessarily represent the
rates that would be charged in the current
regulatory environment, and they include
neither profit beyond a minimum cost of
capital for direct investment nor any contribu-
tion to the fixed costs of a larger railroad or
pipeline system. The estimates presented also
provide for no change in technology or pro-
ductivity with time for either mode, and they
reflect present, and therefore not necessarily
ideal, conditions in the railroad industry. Final-
ly, the costs derived for specific individual
movements from engineering considerations
as discussed below should not be confused
with overall system costs, which include
economies of scale and are covered in a later
section on economic impacts.

Pipeline Estimating Procedure

To be comparable with rail costs, pipeline
estimates here include the entire process of
transporting coal from individual mines to
powerplants, including collection and distribu-
tion by branch feeder lines, Requirements im-
posed upon a given pipeline by the nature of

the application can be expressed in terms of

the following factors:

Distance the coal must be carried.

Volume of coal to be carried,

Moisture content of the coal.

Difference between elevations of termini.
Terrain characteristics.

Distance to and elevation of the water
Supply.

7. Size and spacing of mines.

8. Size and spacing of powerplants.

o 0 h wn

engineering design considerations, industrial
experience, and data from equipment
manufacturers form the basis for identifying
and quantifying individual resource re-
guirements as follows:

Initial construction:

1, Slurry preparation and dewatering
equipment and facilities.

2. Pump stations, including pumps and lined
ponds.

3. Steel pipe, including freight,

Right-of-way and pipe
Engineering,
contingency.

laying.

supervision, inspection, and

Continuing Operation:

1. Direct Labor.

2. Power.

3. Maintenance, materials, and supplies.

4. Water.

5. Administration.

Cost estimates are derived by applying

prices to the above elements, providing for in-
flation in the continuing operating costs, amor-
tizing the required initial investment, and
postulating a tax rate. The details of the
methodology and the values used in the
analysis are set forth in detail in Volume II,
and figures 10 through 14 illustrate how the
cost elements that are not site-dependent are
related to the volume of coal to be carried, the
distance to be covered, and the required
number of pumping stations. One should note
in interpreting the cost relationships, that the
pump stations are assumed to operate against
a given pressure difference of 1,000 pounds per
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square inch. Fewer stations are therefore re-
quired as the diameter of the pipe increases.

These costs have been adjusted in the case
studies to account for acquisition of water and
for nonideal construction conditions based on
the particular characteristics of a pipeline ap-
plication. Areas of particular uncertainty in-
clude future construction costs and the ap-
propriate price for water.

Rail Estimating Procedure

Although operating experience for railroads
is more extensive than for pipelines due to the
longer history of the industry and its more
established technologies, establishing the
marginal, or out-of-pocket costs for a given
element of hypothetical traffic is no more
.straightforward. The factors determining rail
costs for coal unit trains include the following:

1. Distance the coal must be carried.

2. Volume of the coal to be carried.

3. Unused capacity and condition of tracks
along the route.

4. Length and speed of trains.

Terrain and circuity of the route.

6. Administration.

o

The cost elements that do not depend on
site-specific conditions appear below:

1. Acquisition of rolling stock —

$550,000 per locomotive
$30,000 per 100 net-ton hopper car
$43,000 per caboose

2. Track improvement —
$500,000 per mile of new track
$200,000 per mile of upgraded track

3. Train crews (including dead heading)
$550 per 100 train miles

4. Diesel fuel —
$0.35 per gallon

5. Operation and maintenance of
stock —
$0.44 per mile per year per locomotive
$0.03 per mile per year per hopper car
$002 per mile per year per caboose

rolling

6. Track maintenance per mile per year—
$5,300 plus $342 per million tons of traffic
7. Administration —
$0.30 per thousand ton-miles

Acquisition and operating costs of loading
and unloading facilities depend on Site-
specific conditions as do the amount of fuel
and track upgrading required. The amount of
track investment required for a particular traf-
fic element is particularly uncertain, as is the
degree to which other traffic should properly
be charged for some of the cost of a given im-
provement. Also, railroad ownership of rolling
stock has been assumed. If customers owned
the hopper cars, they would pay a reduced
transportation rate and would have to finance
the acquisition and maintenance of the cars.
Utilities often find this arrangement advan-
tageous. Initial investment financing, inflation,
and taxes are all treated in the same fashion as
for pipelines, and the details of the
methodology are also described more fully in
Volume II.

Figure 10-Slurry Facility First Costs

(Including an 18 percent provision for
engineering, inspection, and contingencies)
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Figure 11— Pipeline First Costs

(Including an 18 percent provision for
engineering, inspection, and contingencies)
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Figure 13-Annual Operation and Maintenance
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Figure 12—Annual Operation and Maintenance
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Figure 14—-Annual Operation and Maintenance

O&M Costs Dollars (000,000) Per Year

Costs per Pumping Station

Power (based on rate
of $0.026 per kW hr.)

A

Maintenance Materiqls
and Supplies

General
~Admin.

0 5 10 15 20 25 30 35
Million Tons Per Year, Dry Coal

Source General Research Corp




52 . Coal Slurry Pipelines

Selected Case Results and Discussion

Table 8 illustrates the comparative
characteristics and costs of four specific coal
flows by rail and pipeline. Pipeline transporta-
tion appears more economical in the Wyoming
to Texas and Tennessee to Florida cases, and
rail is less costly for both Montana to Min-
nesota and Wisconsin, and for Utah to Califor-
nia.

The Wyoming to Texas case illustrates the
advantages of carrying a large volume of coal
in a single pipeline over a great distance. The
pipeline would be over 1,000 miles long and
carry 35 million tons per year over most of its
length. To achieve this scale requires that eight
powerplants in two regions of Texas be served
by the same pipeline, and the fact that only
four mines near Gillette, Wyo., could produce
the required volume contributes to the
economy of operation.

Between Montana and the destinations in
Minnesota and Wisconsin, the rail route is
direct and in good physical condition. Train
lengths of 105 cars and average speeds of 22
miles per hour, including stops for loading and
unloading, also play a role in the rail cost ad-
vantage in this case, as does the railroad’s flex-
ibility to serve economically a relatively larger
number of mines and powerplants for a given
volume of coal.

The Utah to California case represents the
least annual volume, the shortest distance, and
the smallest mines served. It also represents
the most difficult terrain for both pipeline con-
struction and rail operation, and the ad-
vantage of trains is offset partially by their
roughly 30-percent greater route circuity and
the need to replace 25 percent of the present
rail.

The only case east of the Mississippi, from
Tennessee to Florida, illustrates that even
though several mines and powerplants would
have to be served and the rail route is not par-
ticularly circuitous, pipelines may be ad-
vantageous if rail operating conditions are
significantly less than ideal. On this route,
which is not necessarily typical of coal-

producing areas, 35 percent of the track would
have to be replaced or upgraded, and trains
would be substantially shorter and slower than
i n the other cases.

Other factors not mentioned above which
influence the relative costs of unit trains and
slurry pipelines include the expected rate of in-
flation in labor and operating costs of electric-
ity and diesel fuel, and the cost of water de-
livered at the pipeline source. To oversimplify
somewhat, the cost of unit train transportation
of coal is roughly one-third amortization of in-
vestment in facilities and equipment and two-
thirds operating expense, including labor. Pipe-
line costs, on the other hand represent nearly
two-thirds initial investment and just over one-
third continuing operation. Therefore, high
rates of anticipated inflation favor pipelines
over rail, while high real interest rates and
labor productivity improvements have the op-
posite effect. The cost figures derived here are
based on a 6-percent annual rate of inflation
and a 61A-percent real interest rate, which add-
ed together, amount to a nominal discount
rate of 1 21/2 percent.

Energy resource costs also influence the
relative advantages of each mode. If one con-
siders the fuel required to generate electricity,
railroads and  pipelines use roughly com-
parable amounts of energy directly to provide
power for equipment. However at $0.35 per
gal lon, diesel fuel represents typically about
one-eighth of the cost of operating a coal unit
train, while electricity at $0.026 per kilowatt
hour amounts to approximately one-fifth of
the cost of carrying the same coal by an
equivalent-sized pipeline. Since  the energy
portion of the cost is substantial, increases in
the cost of diesel fuel relative to that of elec-
tricity will improve the competitive position of
pipelines, at least until electrification becomes
advantageous to the railroads.

High water costs, on the other hand, can
substantially weaken the competitive position
of pipelines. Carrying 18 million tons of coal
from Gillette, Wyo., to Dallas, Tex., for exam-
ple, would require 8,554 acre-feet of water per
year. If this amount were purchased for $20
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Table 8. Sample Hypothetical Case Results

Montana to
Characteristics Wyoming to Minnesota & Utah to Tennessee
Texas Wisconsin California to Florida
General
Volume (millions of tons
per year) ., 35 135 10 16
Origin Vicinity. Gillette Colstrip Price Tracy City
Destination wvicinity Dallas Becker, M inn. Barstow Tampa
(18 million tons) (20 million tons) (8 millions tons)
Houston Portage, Wise. Miami
(17 million tons) (3.5 million tons) (8 million tons)
Number of mines ., 4 3 7 8
Number of powerplants . . . . . . 5 (Dallas) 3 (Becker) 3 3 (Tampa)
3 (Houston) 2 (Portage) 4 (Miami)
Pipeline
Trunkline length Gillette-Dallas, Colstrlp-Becker, 522 miles Tracy City-Tampa
936 miles 661 miles 556 miles
Dallas-Houston, Becker-Portage, Tampa-Miami
234 miles 260 miles 247 miles
Average distance from mine
to trunkline 12,5 miles 10 miles 12.4 miles 20 miles (Tampa)
22 miles (Miami)
Percentage moisture of coal
b vy w e i g h t 21 percent 17 percent 6.6 percent 4.8 percent
Water requirement in acre-
feet per year. 16,640 7,250 6,961 11,580

W ater s ource

Length of water line

Total cost of water delivered
per acre-foot

Number of pump stations

Outside pipe diameter

Present worth of 30-year
life cycle cost ( 1977 dollars)

Annual cost per ton (1977
dollars at a 6.5-percent
real cost of money)

Simulated rate per ton (1977
dollars with a 12.5-percent
nominal return on investment)

Big Horn River

205 miles

$922

Gillette-Dallas 4
Dallas-Houston 3

Gillette-Dallas 42~
Dallas-Houston 29"

$2,502 million

$5.50

To Dallas $5.90
To Houston $6,50

Big Horn River

80 miles

$513

Colstrip-Becker 8
Becker-Portage 8

Colstrip-Becker 27"
Becker-Portage 14"

$1,156 million

$6.60

To Becker $6.00
To Portage $10.80

Green River

42 miles

$469

7

24"

$996 million

$7.60

$9.90

Lake Nickajack

20 miles

$184

Tracy City-Tampa 6
Tampa-Miami 4

Tracy City-Tampa 31"

Tampa-Miami 22~

$1,626 million

$7.80

To Tampa $7.30
To Miami $9,70
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Table 8. Sample Hypothetical Case Results—Continued

Montana to
Characteristics Wyoming to Minnesota & Utah to Tennessee
Texas Wisconsin California to Florida
Rail
Average route length Gillette-Dallas, Colstrip-Becker, 684 miles Tracy City-Tampa
1,264 miles 757 miles 776 miles
Gillette-Houston, Colstrip-Portage, Tracy City-M i am i
1,584 miles 1,055 miles 938 miles
Number of cars per train 105 105 100 60
Average number of locomotives
pertrain . .................. 6 Colstrip-Becker, 6.2 3.9
4.27
Colstrip-Portage,
4.19
Average round-trip speed
(including time loading and
unloading) . . . . 22 mph 22 mph 14.2mph 13mph
Average locomotive miles per
gallon of fuel . . .. ... ... .. 0.4 0.29 0.38 0.33
Percentage of new track
required Gillette-Dallas, 0 percent 25 percent 5 percent
5 percent
Gillette-Houston,
O percent
Percentage of track to
be  upgraded Gillette-Dallas 5 percent 10 percent 30 percent
30 percent
Gillette-Houston
20 percent
Investment in loading and
unloading facilities. $174 million $88 million $64 million $150 million
Annual operation of loading and
unloading facilities. $14 million $7.0 million $5.3 million $9.3 million
Present worth of 30-year life
cycle cost (1977 dollars). $3,939 million $1,059 million $893 million $1,930 million
Annual cost per ton
(1977 dollars at a 6.5-percent
real cost of money) $8.60 $6.00 $6.80 $9.20
Simulated rate per ton
(1977 dollars with a 12.5-
percent nominal return on
investment) To Dallas, $8.70 To Becker, $5.40 $7.30 To Tampa, $9.00

To Houston, $9.10 To Portage, $8.40 To Miami, $10.50

Note: The ranges of uncertainty associated with these specific rail and pipeline cost estimates may be as large as the differences between
them. For underlying simplifications and assumptions, see text at the end of this chapter. Also, the coal tonnages are for illustrative purposes
only and do not represent predictions that the coal volumes will be transported by pipeline or any other mode between the listed origins and
destinations.

Source. Data from General Research Corp.
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per acre-foot at Big Horn River and trans-
ported by pipe to Gillette, the total cost would
be $922 per acre-foot, or $0.47 per ton of coal
shipped. Of the total amount of water used,
about 4,905 acre-feet could be extracted and
recycled by return pipeline, raising the total
water cost to $1 75 per ton of coal, Increases
of this magnitude, whether due to economic
competition for limited supplies of western
water or to institutional requirements that
water be recycled or obtained from distant or
costly sources, will diminish the amount of
coal traffic for which pipelines can compete
effectively

The following list 1s a recapitulation of the
principal factors influencing the relative costs
of unit trains and slurry pipelines for coal
transportation

1. Annual volume of coal

2 Distance to be traversed

3 Expec-ted rate of inflation

4 Real interest rate

5 Size and spacing of mines,

6 Presence of general large customers to

receive coal

7 Terra in and excavation difficulty

8 Water availability and cost

9 Relative costs of diesel fuel and

electricity.
‘10 Railroad track circuity and condition
11. Length and speed of trains.

The principal lessons from the foregoing
analysis are that a) Slurry pipelines are more
economical than wunit trains some specific
types of individual movements, and b) the
comparative costs of the two modes do not

lend themselves to easy generalization based
on simple criteria The latter observation is il-
lustrated by figure 15, which shows ranges of
rail and pipeline costs for a given volume of
coal as they vary typically with distance. The
precise cost within the range is determined by
the several factors other than volume and
distance discussed above Note that the cost
ranges overlap between distances A and B, and

that one can only concude with confidence
that rail will be least costly at distances less
than A, and that a pipeline will be more
economical at distances greater than B.

Figure 15— Form of Typical Rail and Pipeline
Cost Ranges for a Given Annual Tonnage

Rail

cost

Pipeline

A Distance B

Source Office of Technology Assessment

Some generalization is required to compare
the case results with previous studies Figure
16 illustrates the results of an assortment of
other coal Slurry pipeline cost calculations,
and figure 17 shows the results of two other
coal unit train studies for comparison. In inter-
preting the latter, one Should note that
regulated tariffs are not always the same as
costs, and that individual tariffs vary
significantly from the values represented by
the ICF regression lines

The results of the case analyses developed
here appear in figure 18 Although the dif-
ferences between any two sets of cost
estimates are due in part to dissimilar underly-
ing assumptions and procedures, the results of
the studies taken together serve as additlonal
evidence of the wide range of unncertainty
associated with global generalizations about
the relative costs of slurry pipelines and unit
trains in specific applications.

Traffic Assumptions

Painting a plausible scenario for the purpose
of evaluating the global economic effects, as
opposed to the localized costs, of the develop-
ment of a coal slurry pipeline industry required
Ignoring one of the lessons of the cost analysis
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Figure 16— Results of Previous Coal Slurry Pipeline Cost Studies
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and attempting to deduce, by some general
criteria, which of the coal flows identified
earlier in table 7 might be carried by pipeline.
To accomplish this purpose, with as little
violence to the conclusions of the cost analysis
as possible, assumed distances and coal
volumes were varied artificially and calcula-
tions repeated to determine those combina-
tions of values for which rail and pipeline costs
are equal under the conditions governing each
of the four cases. For simplicity, the computa-
tion included only a single destination region
for each movement, and the resulting “indif-
ference curves” appear in figure 19.

For each set of conditions, traffic volumes

and distances above and to the right of the
curve would be carried more economically by
pipeline, while rail would be more ad-
vantageous otherwise. The conditions most ad-
vantageous to rail are therefore represented by
the characteristics of the Montana to Becker,
Minn., corridor, while those features most
favorable to pipelines exist between Tennessee
and Tampa, Fla., provided that one does not
consider volume and distance.

The flows of coal from producing regions to
consuming States in the transportation de-
mand scenario could be compared to the indif-
ference curves and assigned to pipelines
whenever the combinations of distance and
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Figure 17— Results of Previous Coal Unit Train Cost Studies
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sustained volume fell in the region favorable served by rail because of the similarity of con-
to pipelines under all four sets ‘of case condi- ditions to the Montana to Minnesota and
tion, and barge transportation was not an ob-  Wisconsin case, and finally, the Georgia coal
vious competitor. Only Central Western coal was considered unlikely to justify pipeline con-

destined for Indiana and Texas falls in this
category. Five other flows fall in a region of
uncertainty between the two extreme indif-
ference curves: Central Western to Missouri,
Kansas, and lllinois; Interior Eastern to
Georgia; and Southern Appalachian to Florida.
Of these, the Florida traffic was assigned to
pipeline because of the results of examining
that specific case, Missouri and Kansas traffic
was assigned to pipeline because of similarity
to the Texas case and the possibility of sharing
a common pipeline, Illinois was assumed to be

struction because of the
route,

terrain along the

A highly speculative but plausible traffic
scenario derived in this necessarily somewhat
arbitrary manner is illustrated in table 9. All
other coal is assumed to travel by another
mode, probably rail or barge, These postulated
volumes are in no way intended as a projection
of pipeline market penetration. They only pro-
vide a starting point for an analysis of what
might happen if the equivalent of approx-
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Figure 18— Results of Case Studies Comparing Coal Slurry Pipeline and Unit Train Costs
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Figure 19— Rail Versus Pipeline Cost Table 9. Pipeline Traffic Scenario
Indifference Curves Based Upon
Site-Specific Case Study Conditions (Millions of tons per year)
Favorable Uncertainty Favorable to —
_ toRail [ Range Pipeline Origin Year
g 40 Destination 1985 1990 1995 2000
> Central Western
& 304 Indiana. . . ... .. 17 17 17 17
@ BECKER Kansas. e 19 19
2 Missouri. . . . . .. 14 14 14 14
5 20 Texas . ........ 35 72 93 125
b Southern Appalachian
10 1 Florida . . . ... .. 16
g 1 wPA 16 16 32
3 Total . . .. .. 82 119 159 207
9 A
> 0 r 1 T T T T 1 A R )
0 400 500 600 700 800 900 1000 Note: This scenario has been developed for lllustrative purposes

Distance (Miles)

Source General Research Corp

and does not represent a prediction that the coal volumes will be
transported by pipeline or any other mode between the listed
origins and destinations.
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imately eight pipelines averaging 25 million
tons per year were to be built between now
and the year 2000.

Deriving hypothetical transportation costs
for all of the listed coal flows required extend-
ing the results of the case studies, also on the
basis of general and not perfectly applicable
relationships. The assumed pipeline costs as
derived by regression from case estimates are
$272 per ton plus $0.028 per ton-mile for
surface-mined coal at the approximate
distances and volumes contemplated Cor-
responding rail costs, also generalized from
the cases, are $0.82 per ton plus $0.064 per ton-
mile, including a route distance circuity factor
of 1.3, operating expenses, and investment in
rolling stock and way and structures The
methods for extending costs for both modes
are elaborated in Volume 11.

A number of important simplifying assump-
tions underlie the scenario and should be
reviewed at this point to place it in perspec-
tive. Some weigh in favor of greater apparent
pipeline markets and some against.

Assumptions favorable to pipelines —

1. The demand scenario calls for a high rate
of growth in power consumption after
1985

2. The demand scenario ‘predicts that all
coal of a given category will be purchased
by all powerplants in a State from a single
source. The result is a pattern of coal
flows from artificially concentrated
origins

3 The cost analysis assumes that mining
and power generation activity is concen-
trated in circumscribed locations.

4 pipelines are assumed to operate in a

stable environment at full capacity. No
cutover or startup costs beyond 3-year
construction financing has been con-
sidered.

5. No possible additional coal tonnage
required by powerplants receiving slurry
coal due to water content has been ac-
counted for.

6. No substantial increase in the present rate
of railroad labor productivity improve-
ment has been allowed for.

Assumptions favorable to railroads -

| The demand scenario calls for a relatively
high proportion of nuclear powerplant
construction after 1985.

2 The possibility of serving more than one
State with a single pipeline has not been
considered in the market scenario, except
in the case of Kansas and Missouri, and it
is not reflected in the demand projec-
tions.

3 The possibility of serving industrial
customers or coal conversion facilities by
slurry pipelines has been ignored.

4 The possibility of distributing dewatered
coal slurry by barge is not contemplated
in the cost or market analyses.

5. The cost estimates give no credit for the
fact that cleaning and grinding coal is
more economical in conjunction with
slurry pipeline operation.

6. No significant future improvement in
pipeline technology has been allowed for.

Additional uncertainties of undeterminable
influence involve principally railroad way and
structures, investment requirements, future
pipeline construction costs, and the ap-
propriate prices to assign to water
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INTRODUCTION

Objectives

The economic impact analysis section of
this report examines the effect that develop-
ment of coal slurry pipelines could have upon
related areas of the economy. The most direct
effect would be upon the railroad industry, its

employees, suppliers, and customers. Many
segments of the railroad industry have en-
countered financial difficulties in recent

decades. The industry has tended to view the
current emphasis on coal to be the Nation’'s
primary fuel as an opportunity to regain a
measure of financial stability, Coal’s physical
properties, the large quantities involved, and
the long transportation distances without
significant waterways for western coal favor
railroads against their traditional compet-
itors — barge and truck transportation. How-
ever, the primary railroad beneficiaries of the
projected increase in coal transportation are
certain western railroads that have on the
average achieved better financial performance
than most of the industry. Railroad industry
employees will be directly affected by any
development that reduces the industry’s vol-
ume of business or forces it to modify its
methods of operation. The principal supplier
industries that would be affected are those
that manufacture locomotives, freight cars,
and track. Indirect effects would then be felt
in the industries supplying the suppliers, prin-
cipally steel manufacturers.

The railroad customers most likely to switch
to pipeline are the large electric utilities that,
by themselves or with a few others, can
generate sufficient coal demand to achieve
pipeline economies of scale. Some other
shipments, including those of smaller utilities,
farm products, stone and minerals, etc., will
tend to encounter higher costs if their shipping

charges must cover a larger fraction of the
rail road’s fixed costs as a result of a reduced
rail business volume and downward pressure
on some coal rates. Determination of the
magnitude of the coal-related fixed cost was
one of the principal goals of this study because
its al location largely determines where the im-
portant economic impacts fall —regionally
and by type of consumer— and the size of
these impacts.

A second set of economic impacts can be
grouped within the category of regional ef-
fects. Slurry pipelines consume large quan-
tities of water, and, owing to the geographic
location of coal, most of the pipelines
originate in somewhat arid regions. Other
water users in these regions, primarily
agriculture, may be directly affected through
any future water scarcity, The environmental
implications of pipeline-related water short-
ages are discussed in chapter VI This chapter
examines the economic implications of poten-
tial water shortages, Such shortages could af-
fect not only the agricultural sector, but other
sectors of regional economies as well, since
water availability is an important factor in the
location of some industrial activities. A second
aspect of regional development to be exam-
ined is the payment of State and local taxes.
Railroads have been a significant source of
revenues in some States, and it is therefore im-
portant to appraise the net effect upon
regional tax revenues of shifting some coal
traffic from railroads to pipelines. A third
regional aspect is that the benefits of pipelines
may accrue to one area of the country, while
the costs are borne in another region. A simple
illustration of this possibility is as follows:

1, the projection of future coal movements
in chapter IV identified Texas as the
recipient of large volumes of coal;

63



64 « Coal Slurry Pipelines

2. if pipelines are more economic for the
Texas coal shipments, the consumin,
public in Texas could receive lower rates

for their electricity if pipelines are
employed;
3. the railroads that lose these coal

shipments may need to transfer some of
their fixed costs onto other shippers;

4. other major shippers include those ship-
ping grain and beef to the Midwest; thus

5. consumers in the Midwest (and East) may
have to pay somewhat higher prices for
food products.

It should be noted that this type of regional
tradeoff occurs in nearly every regional
transfer, e.g., oil and natural gas pipelines go-
ing from Texas to other parts of the country,

This section attempts to quantify the
magnitude of pipeline-related transfers.

The discussion thus far has focused upon the
generally adverse impacts pipeline develop-
ment will have upon the railroads and related

industries. Pipelines are obviously a source of
economic stimulus, and as such will generate
their own set of economic benefits. It was the

goal of this study to analyze the net economic
impact of pipeline development (benefits
minus costs), and to indicate where, and to
what extent, each benefit and cost occurs. The
principal economic benefit offered by pipe-
lines is that they may more cheaply transport
some large volume movements of coal from,
for example, origins in the sparsely populated
and lightly industrialized West to centers of
population and industry in the Midwest, South,
and Far West. Our Nation’s fuel supply will be
increasingly composed of coal, and a signifi-
cant reduction in the cost of transport would
therefore reduce the economic dislocations of
a forced switching from oil and gas to coal, In
addition, since pipelines are highly capital in-
tensive, the investments associated with them
could provide an important near-term eco-
nomic stimulus to the economy in the form of
materials purchases and construction labor
employment in some localities.

The following discussion should be read
with an understandin,of the uncertainty
associated with projecting present economic
trends into the distant future. Major events
could substantially violate the assumptions on
which the analysis is based. One example
would be a change in the railroad regulatory
environment, resulting from the Rail Revital-
ization and Regulatory Reform Act or related
future legislation. Another example would be
any form of substantial public investment to
aid the railroad industry.

Another significant wuncertainty involves
economies of scale associated with the extent
of railroad service. Past experience is not a par-
ticularly useful guide for predicting railroad
capital and operating cost relationships if the
size of the industry is to be radically different
from what it has been in recent history, The
analysis presented here suggests that marginal
costs decline as service expands. If marginal
costs increase with expansion of coal unit train
operation, the impacts of coal slurry pipeline
development would probably be favorable
both to the railroad industry and to the ship-
pers of commodities other than coal by rail.

Methodology

The primary focus of the study was the
rail road industry because, other than water
resources and their allocation, nearly all other
economic impacts have their origin within that
industry. The central question is: “If railroads
lose the revenues associated with a significant
number of large-volume coal movements, how
will they reallocate their fixed costs among the
remaining shippers?” In order to address this
guestion, it was necessary to project both
future revenues to the railroads from all com-
modities they transport, and the costs of
transport as a function of traffic volume. It is
not possible to evaluate the implications of
railroads losing a large fraction of their coal
revenues without knowing the nature of their
remaining business volume. Projections of
revenues were made for 10 major railroad ship-
ment categories and for an all other category
over the 25-year period from 1975 to 2000.
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Likewise, cost projections were made for the
same period for three operating expenditure
categories, for capital investment in rolling
stock and way and structures, and for payroll,
State, and local taxes. All projections were
broken out into the three railroad regions (or
districts)—Eastern,
impacts of coal
are centered in the Western and Southern
regions, even though the vast majority of
rail road coal transportation is current |y
located in the Eastern region.

Southern, and Western—

because the slurry pipelines

The entire study was carried out in constant
1971 dollars. This is the base year for the input-
output model employed to project national
railroad revenues by commodity category bet-
ween 1975 and 2000. Though 1971 dollars are
used, a number of adjustments have been
made to reflect real changes in the structure of
prices since 1971, such as changing real wage
rates and energy prices. As a result, though the
study is in 1971 dollars, percentage relation-
ships between major variables are those ex-
pected to pertain in the future.

A no-pipeline baseline and two pipeline-
development scenarios were evaluated in
order to assess the economic im pacts
associated with varying levels of market
penetration by the coal slurry pipelines. The
baseline, which served as a point of departure,

assumes that no additional coal slurry
pipelines will be built. The first pipeline
seenario, termed the Lost Rail Tonnage

scenario, assumes that pipelines will take over
the coal-traffic Identified in table 9 of chapter
IV. The second scenario, termed the Com-
petitive Rate scenario, postulates that not only
r-nay pipelines take over on certain routes, but
also that the competitive market pressure of
pipelines may force railroads to lower their
rates on a set of additional routes. The latter
scenario yields qualitatively similar results to
the former and is therefore presented in
Volume | |

Five cost/price alternatives were evaluated

‘A 4 8 millionton per vear coalslurry pipelineis currently
operational in Arnizon a, and asmallerpipelineis onstandbyin
Ohio

for the baseline and the two pipeline scenarios.
These five alternatives reflect different
assumptions regarding the ratesetting
behavior of railroads and the Interstate Com-
merce Commission (ICC) as well as the relative
fuel costs over the forecast periods. Alter-
native | assumes that the unit charges for
railroad service in each region and commodity
category will remain at their 1971 levels, and
that the cost structure will basically retain its
1971 form, with adjustments for labor real
wage and productivity changes. Alternative | |
seeks to embody the effect of recent increases
in the relative costs of fuel by introducing a
one-time approximate doubling of relative fuel
costs to simulate the effect of the 1973-74
energy crisis, and by increasing the relative
price of fuel 1.5 percent more rapidly than
general inflation for the years 1985 to 2000.
Alternative Il retains the fuel adjustment on
the cost side, and assumes that rail revenues
per ton-mile will continue to be reduced at
their historic rate as a result of railroads pass-
ing forward productivity gains for competitive
reasons. Alternative IV also retains the fuel
cost adjustment, but assumes that revenues
will bear a constant relationship to operating
expenditures, determined by setting the
operating expenditures-to-revenue ratio at 0.8.
(A review of historical data indicated that the
operating ratio has held reasonably constant
near this value over the period 1969 -75.) Alter-
native V was developed only for the West. It
retains the fuel cost adjustment, and changes
revenues to satisfy the “Minimum Necessary
Net Income” (MNNI) for railroad solvency and
investment requirements.

The methodology employed is explained in
detail in Volume | | of this report. Briefly, pro-
jections for national rail revenues were obtained
by aggregating into 10 major categories and
an “all other” group the more detailed output
and transport by modal share forecasts from
an input-output based transportation model.
Regional shares of rail revenues from each
commodity were projected by using equations
obtained by regression analysis of historical
data. The coal revenue forecasts were made
separately in view of their importance to this



66 « Coal Slurry Pipelines

study. (For coal, the latest Department of
Energy (DOE) forecasts of coal production
were allocated to the railroad regions, the
railroad shares of coal transport in each region
were projected on the basis of historical trends
and regional analyses, and the associated
revenues were projected taking into account
the ongoing shift to the more economic unit
train coal shipments. ) Operating cost expend-
itures in each region were projected for three
expenditure categories by identifying, through
regression analyses, the dependence of costs
upon key operating variables, including miles
operated, ton-miles, tons-per-car, and freight
car miles. Investment requirements were pro-
jected by translating the commodity shipment
projections into rolling stock and way and
structures capital requirements, taking into ac-
count the productivity improvements now be-
ing made through substantial increases in tons-
per-car loadings.

The five cost/price alternatives adapt the
railroad revenue and cost projections to
reflect different cost and pricing behavior by
the railroads. The direct economic impact of
coal slurry pipelines upon the railroad industry

was established by determining, for each alter-
native, the differences in the railroad revenue
and cost variables between the no-pipeline
baseline and the two pipeline scenarios. The
impact upon railroad employment was deter-
mined by translating the reduction in
operating cost expenditures into equivalent
hours of employment. The impact upon sup-
plier industries was evaluated by determining
the reductions in capital stock requirements
associated with loss of the coal traffic. The im-
pact upon payroll, State, and local taxes was
determined by calculating the reduction in
wages and in the tax base. Potential savings
were determined by assessing the residual
costs that would have been covered by coal
revenues, and now must be allocated to other
shippers. The transportation savings resulting
from shippers switching to pipelines were
determined by calculating the differential in
the hypothetical costs established in the last
chapter between the two modes and multiply-
ing them by the shipment volumes. Other
beneficial aspects of pipeline development
were estimated by determining the employ-
ment and economic stimulus it could provide.

RAIL COST AND PRICE ALTERNATIVES

In order to assess the economic impact of
coal-slurry pipeline development upon rail-
roads, other shippers, other industrial sectors,
and the public, it was necessary first to project
what the future would be like in the absence of
pipelines. Prediction of future railroad eco-
nomic performance over the 25-year period in
this study is an ambitious undertaking in itself.
Nevertheless, since it is the difference in
economic performance with and without pipe-
lines that must be evaluated, the projection of
a No-Pipeline Baseline was an essential
analytic component of the present study. By
constructing the baseline scenario and two
pipeline scenarios within the same internally
consistent analytic framework, potential bias
associated with necessary analytic assump-

tions, such as assumed gross national product
(GNP) growth rate, should be minimized.

Two other caveats must be borne in mind
when reviewing the results of this study. First,
as stated previously, the study was conducted
using constant 1971 dollars. Thus, the revenue
growth projections represent real growth,
based upon estimated increases in product
output by the railroad sector, e.g., ton-miles of
commodities transported. Three alternative
case studies were conducted regarding
railroad pricing behavior. | n each, real rates
were maintained at their 1971 level or reduced.
However, reduction of real rates does not
mean that railroads will be able to reduce their
actual nominal or current dollar rates. The
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rates charged will be the real rates adjusted for
the effect of inflation. The latter will probably
be sufficiently large to result in an overall in-
crease in railroad rates, expressed in current
dollars. The second caveat is that analysis in-
dicates that railroad economic performance
will benefit from increases in coal and other
commodity transportation revenues even in
the presence of pipelines. Thus, the railroad
revenue losses identified in the study as result-
ing from pipeline development are losses
relative to the No-Pipeline Baseline. In other
words, the railroads will not be able to achieve
as high a level of coal transportation-related
revenue gains if coal slurry pipelines are
developed, but the railroads will probably
nevertheless achieve a substantial revenue in-
crease from overall traffic volume growth, In
arriving at these results, this study assumes
that real GNP will increase at 2.90 percent per
year before 1985 and 2.95 percent from then
until 2000, and it projects that rail revenue
traffic will expand Slightly more slowly than
GNP before 1985 and Slightly faster thereafter

Baseline revenue and cost projections for
railroads, presented in the appendix to this
volume, form the frame of reference for
assessing the impact on the railroads, their
shippers, and the consuming public of coal
slurry pipeline development Five variations in
the form of cost/price alternatives were
evaluated in order to test the sensitivity of im-
pact results to the underlying financial

assumptions.

Alternative |—Constant Rate and
Cost Structure

The study results presented in the appendix
constitute Alternative |, This alternative
postulates constant cents- per-ton-mile
revenues (in 1971 dollars) over the forecast
period, and operating costs that embody pro-
ductivity and real wage changes only for labor.
Projections for aggregate Class | railroad
revenues under these conditions for the years
1980 to 2000 are presented in table A-2. The
corresponding operating expenditure projec-

tions are presented in table A-4. (See appen-
dix.) These revenue and expenditure projec-
tions are now shown together in table 10. Their
differences, defined as Net Railway Operating
Revenues (NET), are also identified in this
table. The Net Railway Operating Revenues
should not be considered a proxy for profits. In
order to arrive at the Net Income for railroads,
as reported to the Interstate Commerce Com-

mission, it is necessary to subtract additional
costs, such as taxes, interest payments,
dividends, amortization and other fixed

charges, net hire of equipment, and net joint-
facility rents.

The ratio of operating costs to revenues,
termed the operating ratio (OR), is frequently
employed as an approximate measure of
railroad financial performance. The operating
ratios calculated from the data in table 10 are
highest in the East, ranging from 0.69 in 1980
down to 0.56 in 2000, and lowest in the South,
ranging from 0.65 in 1980 to 0.53 in 2000. These
projected operating ratios are considerably
lower than historical values for railroads in this
class, which averaged 0.806 over the period
1969-75. That is also true for the regional
values, which over the 7-year historical period
averaged 0.822 in the East, 0.755 in the South,
and 0.783 in the West.

Several factors contribute to the low values
projected for the rail road operating ratios. The
revenue forecasts assumed that, except for
coal, real revenues per ton-mile for each com-
modity will remain constant at the 1971
values.?’In fact, historical data indicate that
real revenues per ton-mile have been declining
for railroads as operational economies are
achieved and passed on to the shippers, A sec-
ond factor affecting the OR results is that
relative fuel prices have been held essentially
constant over the forecast period, whereas
they can be expected to increase faster than
general inflation’A third factor affecting the
OR results is the selection of a logarithmic

'I n thecaseofcoa 1, real revenue per ton-m iledeclinesas
shipmentsshitttothe more costeffectiveunittrains

‘The study 1s done inconstant 1971dol lars Thus, hold ing
relativefuelprices“constant ena blesthem to increase at the
samerateasgeneralintlaton
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Table 10. Comparative Railroad Revenue and Operating Costs Projections-Alternative i

(Billions of 1971 dollars)

1980 1985 1990 1995 2000
East
Revenues. . . . ...... ... . .. .. .. . ... 4.4 4.8 5.0 5.2 5.6
Operating costs . . . ................. 3.2 3.0 3.1 3.2 3.3
Net revenue . .. ... ............... 1.2 1.8 1.9 2.0 2.3
South
Revenues . . ... ... ... ... ... ... .. ... 2.8 3.8 4.5 5.8
Operating costs . .. ................. 1.9 2.1 25 3.0 3.6
Netrevenue . . ... ................ 0.9 1.7 2.0 2.8 3.6
west
Revenues ......................... 7.1 8.8 10.4 12.4 15.0
Operatingcosts . . .................. 4.9 5.4 6.3 7.3 8.6
Net revenue . ... .. ............... 2.2 3.4 4.1 5.1 6.4
US.A'
Revenues . ............. ... ... .... 144 17.3 19.9 234 27.8
Operating Costs. .. ........ooovoo... 10.1 10.5 11.9 135 15.5
Net revenue . ... .. ............... 4.3 6.8 8.0 9.9 12.3

aNot total costs. See text for definition.

operating expend-
reflects achieve-

equation form to project
itures. This functional form

ment of constant economies of scale
throughout the forecast period.
Alternative Ill—Fuel Cost Adjustment

The revenue projections for Alternative Il re-
main the same as for Alternative 1. However,
the operating expenditures were increased by
an upward adjustment of relative fuel costs at
a rate exceeding general inflation. The same
fuel cost adjustment was made of Alternatives
11to V. This was the only change made to the
costing calculation for each of these alter-
natives. The comparison between railroad
revenues and costs for Alternative | | is
presented in table 11. Even with the increase in
fuel prices, the operating ratios in Alternative
11, that is, 0.68 to 0.72, are significantly lower in
1980 than those prevailing historically. Declin-

bTotals may not add due to rounding.

ing rapidly to 2000, these ratios suggest that
the economies of scale enjoyed because of in-
creasing traffic volumes, assumed productivity
gains, and constant cents-per-ton-mile
revenues outweigh the impact of fuel cost ad-
justment.

Alternative lll—Historical Rate Decline

The fuel cost adjustment is retained for this
alternative and the revenues in each region are
reduced at their historical rates of decline. The
latter assumption reflects the apparent ten-
dency of the rate structure to respond to produc-

tivity gains. Historically, the annual rates of
tariff decline in each region have been: East,
0.02 percent; South, 1.0 percent; and West,

1.55 percent. The revenues projected on this
basis, together with the fuel-adjusted costs, are
presented in table 12 for Class | railroads. The
revenue adjustment, combined with the fuel
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Table 11. Comparative Railroad Revenue and Operating Cost’Projections—Alternative I

(Billions of 1971 dollars)

1980 1985 1990 1995 2000
East
Revenues . . ....... ..., 4.4 4.8 5.0 5.2 5.6
Operating costs . . . .. ............... 3.4 3.1 3.2 3.4 3.5
Netrevenue ..................... 1.0 1.7 1.8 1.8 2.1
South
Revenues ......................... 2.8 3.8 4.5 5,8 7.2
Operatingcosts . . .................. 2.0 2.2 2.6 3.2 3.8
Netrevenue..................... 0.8 1.6 19 2.6 3.4
West
Revenues . .. ...... ... ... . . . . ... ... 7.1 8.8 10.4 12.4 15.0
Operatingcosts . . .................. 5.2 5.6 6.6 1.7 9.0
Netrevenue . . ................... 1.9 3.1 3.8 4.7 6.0
US.A.
Revenues ............cciiiiiiinn, 14.4 17.3 19.9 23.4 27.8
Operatingcosts.. . ................. 10.5 10.9 125 14.3 16.4
Netrevenue..................... 3.9 6.4 7.4 9.1 11.4

aNot total costs. See text for definition.  ®Totals may not add due to rounding.

Table 12. Comparative Raiload Revenue and Operating Cost*Projections—Alternative ||

(Billions of 1971 dollars)

1980 1985 1990 1995 2000
East
Revenues ......................... 4.2 4.5 4.7 4.9 5.3
Operatingcosts. . .................. 3.4 3.1 3.2 34 3.5
Netrevenue ..............ccovuun. 0.8 1.4 15 15 1.8
South
Revenues......................... 2.5 3.2 3.7 4.5 5.4
Operating costs. . .................. 2.0 2.2 2.6 3.2 3.8
Netrevenue . .................... 0.5 1.0 11 1.3 1.6
west
REVENUES .. ... o 6.1 7.0 7.7 8.6 9.8
Operating costs. . .................. 5.2 5.6 6.6 7.7 9.0
Netrevenue ..................... 0.9 1.4 11 0.9 0.8
U.S.A.'
Revenues ..............oouuiunn.. 12.8 14.6 16.1 18.0 20.4
Operatingcosts. . .................. 10.5 10.9 125 14.3 16.4
Netrevenue ...............c..oun. 2.3 3.7 3.6 3.7 4.0

aNot total costs. See text for definition.  bTotals may not add due to rounding.
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cost adjustment, substantially raises the
operating ratios to between 0.76 and 0.82 in
1980, but they again decline below the historic
values in the outer years, implying that historic
rates of revenue decline are not financially
achievable for the remainder of the century.

Alternative IV—Constant
Operating Ratio

In Alternative IV, revenues are calculated
directly from the cost estimates by assuming
that the operating ratio remains constant at
0.8. The operating cost estimates, which em-
body the fuel cost adjustment, are the same as
for Alternatives Il and Il 1. These costs, the
revenues calculated from them, and their NET
are presented in table 13 for the Class |
railroads over the period 1980 to 2000.

Alternative 1V is conservative and will result
in the lowest NET and railroad income projec-
tions among the first four alternatives except

in the West. It implies an even faster decline
nationally in cents-per-ton-mile than has
prevailed historically. However regional dif-
ferences emerge. The East and South can
decline faster than historical trends, but the
West will be unable to maintain its historic
rate of decline under this alternative.

Alternative V—Minimum Necessary
Net Income

By subtracting payroll, State, and local taxes

from the Net Railway Operating Revenues
identified in tables 10-13 for Alternatives |
through 1V, a better approximation was ob-

tained for the income remaining to railroads. The
resulting variable, termed Operating Income,
is a pre-Federal-tax version of the Net Railway
Operating Income reported to the ICC.*The

‘Federal taxes were not expl icitly estimated in this report
because of their complexities with regard to deferments, credits,
etc Federal taxes Imposed upon railroads appear to be approx-
imately 25 percent at the margin, and to average somewhat less

Table 13. Comparative Railroad Revenue and Operating Cost*Projections-Alternative IV

(Billions of 1971 dollars)

1980 1985 1990 1995 2000
East
Revenues. .. ............oinn. 3.9 4.0 4.4
Operating CcostS . . .. ...vovvve .. 3.4 3.1 3.2 3.4 3.5
Netrevenue..................... 0.8 0.8 0.8 0.8 0.9
South
Revenues. .. ........c.oovvininn... 25 2.7 3.3 4.0 4.8
Operating costs. . . ................. 2.0 2.2 2.6 3.2 3.8
Netrevenue..................... 0.5 0.5 0.7 0.8 1.0
West
Revenues. . ..., 6.4 7.0 8.2 9.6 11.3
Operating costs. . .. ..........ouunn. 5.2 5.6 6.6 7.7 9.0
Netrevenue. .................... 1.2 14 1.6 1.9 2.3
U.S.A.’
Revenues. ........................ 131 13.6 15.6 17.8 20.5
Operatingcosts . . .................. 10.5 10.9 12.5 14.3 16.4
Netrevenue. . ................... 2.6 2.7 3.1 3.5 4.1

aNot total costs. See text for def inition.

bTotals may not add due to rounding.
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income, Net In-
Income by the
interest payments,

actual railroad discretionary
come, is less than Operating
amount of Federal taxes,
dividends, amortization charges, other fixed
charges, and other miscellaneous income
deductions. Nevertheless, Operating Income
values provide a useful first indication of the
conditions under which railroads will en-
counter a cash-flow problem, The Operating
Income results for Alternatives | through IV
are given in table 14 for the southern and west-
ern railroad regions, between 1980 and 2000.

The Operating Income results shown in
table 14 indicate marked differences between
the four cost/price alternatives. The results
suggest that the most likely cost/price behavior
lies between the specified alternatives, which
fall into two groups. Alternatives | and Il lead
to increasing prosperous railroad economic
performance over the forecast period, while
Alternatives | | | and IV lead to clearly unaccept-
able economic results. In Alternatives | and 11,
Operating Incomes (in constant 1971 dollars)
more than triple between 1980 and 2000 for
both southern and western railroads. The fuel
cost adjustment in Alternative 11 slightly
reduces the rate of Operating Income growth,
but the maintenance of constant real rates per
ton-mile in the face of the projected increases
in commodity ton-miles provides an over-
whelming upward thrust to revenues,

Viewed from another perspective, the
favorable Operating Income results for Alter-
natives | and | | suggest that railroads will be
able competitively to reduce their rates when
necessary As discussed previously, rate reduc-
tions (in constant dollars) have been the
historical pattern. Alternative IIl was
evaluated to see whether these historical
trends in rate reductions could be maintained.
Clearly they cannot be, at least in the West.
The western Operating Incomes decline sharply
after 1985 and actually become negative in
2000. These results are based upon a continua-
tion of the historical 1.55 percent annual
decline in western rail tariffs. Thus, com-
parison of Alternatives | | and 111 indicates that
in the absence of pipeline competition western

rail tariffs (in constant dollars) could be re-
duced, but at a lesser rate than achieved his-
torically. Alternative | | | also indicates that in
the absence of pipelines the historical 1.0 per-
cent annual decline in southern rail tariffs
could be maintained

Alternative IV presents another view of the
potential for reduction of railroad tariffs in
response to the favorable Operating Income
results for Alternatives | and 11. Alternative IV
reduces tariffs in such a manner as to maintain
the operating ratio at 0.8. The Operating In-
come results for the South hold constant under
these conditions, but the values for western
railroads decline continuously throughout the
forecast period.

Since none of the first four cost/price alter-
natives seem to represent a likely behavior
mode for railroads, a fifth alternative was
evaluated. This alternative employed a
bottom-up approach. Instead of determining
the Operating Income results of a particular
rate-setting approach. as in Alternatives |-
IV, Alternative V determined a “Minimum
Necessary Net Income” (MNNI) that the
railroads must obtain in order to fulfill the
minimal requisites of satisfactory financial
performance. That is, if railroads are to main-
tain their functional capability, they must
generate sufficient capital to finance
necessary rolling stock and way and structures
investments.

Computation of the MNNI to satisfy solvency
and investment requirements is detailed in

table 15. The minimum pretax railroad
operating income average for the period
1969-72, converted into 1971 dollars, was

employed as the Return-On-Capital Baseline,®
The 1969-72 period was chosen because it was
a time of reasonable, if not robust, health for
the railroad industry. Hence, that period fur-
nishes a more realistic goal for railroad opera-
tions than the more difficult recent years. Fund-
ing for new capital stock must be added to

‘The Baselineisassumed to inc | ude funds for Federaltaxes at
the approximate average rate of the 1969-72 period,ie, 20 per
centFunds tornet lea sing over and above those tor changesin
capitalstock are alsocontainedintheRaseline
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Table 14. Operating Income Projections for Southern and Western Railroads-Alternatives | to IV

(Millions of 1971 dollars)

1980 1985 1990 1995 2000
Alternative |
South
Net railway operating revenues. . . . . . . $ 917 $1,652 $2,013 $2,746 $3,641
Payrolltaxes . . .................... (183) (267) (256) (491) (669)
State and local taxes. . . ............. (57) (67) (88) (103)
Operating income. . .. ............ 676 1,318 1,582 2,167 2,869
West
Net railway operating revenues. . ... .. 2,209 3,330 4,100 5,044 6,416
Payrolltaxes . ..................... (477) (689) (895) (1,198) (1,588)
State and local taxes. ............... (192) (208) (225)
Operating income. . . ............. 1,540 2,433 2,981 3,600 4,555
Alternatively
South
Net railway operating revenues. . . . . .. 1,568 1,900 2,593 3,437
Payrolltaxes . ..................... (183) (267) (356) (491) (669)
State and local taxes. . . ............. (57) (75) (88) (103)
Operating income. . . . ............ 598 1,234 1,469 2,014 2,665
west
Net railway operating revenues. . . . . .. 1,998 3,147 3,814 4,665 5,928
Payrolltaxes . ..................... 477) (689) (895) (1,198) (1,588)
State and local taxes. . . ............. (192) (208) (225) (246) (273)
Operating income. . . ............. 1,329 2,250 2,694 3,221 4,067
Alternative lll
South
Net railway operating revenues. ...... 522 997 1,047 1,313 1,586
Payrolltaxes . ..................... (183) (267) (356) (491) (669)
State and local taxes. ............... (54) (61) (66) (75) (84)
Operating income. . .. ............ 285 669 625 747 833
West
Net railway operating revenues. . . . . .. 995 1,356 1,148 909 739
Payrolltaxes ... ................... 477) (689) (895) (1,198) (1,588)
State and local taxes. . . ............. (181) (190) (198) (207) (219)
Operating income. . .. ............ 337 477 55 -496 -1,068
Alternatively
South
Net railway operating revenues. . ... .. 495 547 657 790 952
Payrolltaxes ...................... (183) (267) (356) (491) (669)
State and localtaxes. ............... (54) (57) (69) (78)
Operating income. .. ............. 258 223 239 230 205
West
Net railway operating revenues. . . . . .. 1,288 1,401 1,649 1,929 2,260
Payrolltaxes . ..................... (477) (689) (895) (1,198) (1,588)
State and local taxes. . . ............. (184) (190) (203) (217) (235)
Operating income. . .. ............ 627 522 551 514 437

Source: IR&T.
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Table 15. Minimum Necessary Net Income for Southern and Western Railroads

(Millions of 1971 dollars)

1985 1990 1995 2000
South
Return-on-capital baseline. . ...................... 355 355 355 355
Required changes in rate of return owing to:
Coal-carrollingstock . . ........... ... ... ... 4 8 11
Noncoal-car rolling stock. . .. ................... 8 59 89
Locomotive rolling stock . .. .................... 22 22 47
Way and structures. . . ... i 30 45 58 73
Minimum necessary netincome . . . ... .............. 409 462 516 578
West
Return-on-capital baseline. . . ..................... 689 689 689 689
Required changes in rate of return owing to
Coal-carrollingstock . . . ........ ... ... 16 31 49 70
Noncoal-car rolling stock. . . .. .................. -50 “19 2 25
Locomotive rolling stock . . .. ....... ... .. ... ... -22 -12 -2 9
Way and StruCtures.. . . ... ..ot 105 155 198 246
Minimum necessary netincome . . ................. 738 844 936 1,039

Source: IR&T.

the minimum required to cover taxes and
return on capital investment A 3 5 percent real
return was assumed for new investment and
existing capital stock Then, the minimum
acceptable return given in table 15 was ob-
tained by multiplying .035 times the change in
capital stock calculated in the appendix. It
must be emphasized that a real return of 3.5
percent is conservatively based on bond-
market yields, and represents the absolute
minimum required to stay afloat This level of
net income may not be sufficient to cover ade-
quate way and structures investments. Compar-
ing the MNNI estimates in table 15 with the
Operating Income projections for Alternatives
Iand IV confirms that the western railroads
would be in serious trouble if the historical
trends in either cents-per-ton-mile or operating
ratio behaviors were to continue.

The necessary railroad revenues implied by
the estimated MNNIs are identified in table 16
for western railroads in 1985 and 2000 The
operating costs shown were previously given in
table 11 and the payroll taxes were given in an
earlier section on tax forecasts The State and

local taxes were recomputed for table 16, to
take into account changes in projected
revenues. Comparing these minimum revenue
requirements with the revenues projected for

Alternatives | through IV again reveals that
western railroads cannot maintain their histor-
ical rate of revenue decilnes, even in the

absence of pipeline competition. 1 n fact, in
seems likely that the traditional 80 percent
operating ratio may be too high to sustain the
railroads in the future.

Table 16. Rail Revenues Necessary To
Maintain Minimum Necessary Net Income
on Western Railroads

(Millions of 1971 dollars)

1985 2000

Operatingcosts . . .. ........ $5,641 $9,040

Payroll taxes. . . ............ 688 1,587

State and local taxes. . . ... .. 179 226
Minimum necessary net

income ............ L. 738 1,039

Revenues . ............ $7,246  $11,892

Source: IR&T.
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PIPELINE IMPACT ANALYSIS

The results presented in the preceding sec-
tion were for a baseline situation that assumes
no pipeline development. Two pipeline
scenarios were postulated in order to provide a
context within which to evaluate the potential
economic impacts of coal slurry pipeline
development. The first scenario, termed the
Lost Rail Tonnage scenario and presented
here, assumed that railroads would lose five
long-haul coal movements to pipelines. The
five hypothetical markets of destination where
pipelines may take over from railroads were
discussed in chapter IV. They are Florida, In-
diana, Kansas, Missouri, and Texas. A second
scenario, termed the Competitive Rate
scenario, assumed that not only would the
coal movements of the first scenario be lost by
railroads, but also that the threat of pipeline
competition would force a reduction in rail
rates along a number of additional routes. "The
latter routes are assumed to be those over
which coal flows identified in chapter 1V
amount to more than 5 million tons annually
over distances greater than 500 miles. The
results of the second scenario are qualitatively
similar to the first and are presented in Volume
Il

Lost Rail Tonnage

The hypothetical tonnages employed in this
scenario are those identified in table 9 of
chapter IV. The quantities are significant. The
total tonnage associated with the five coal
movements amounts to 11 percent of all tons
originated in 1985 (including nonutility coal),
and 17 percent of all tons originated by the
year 2000. The effect is most striking in the

‘According to the Dilemma of Freight Transport Regulation,
Ann F Friedlander, Brook ings Institution, 1969, p 62, insitua-
tions where barge competition hasposed a potential threat to
rail roads, the rate-per-ton charges for variousra |l moves, in-
cluding coal, have been substantially reduced In two Instances,
the rail rates per ton In the presence of barge competition were
on ly a bout 60 percent of the ratesprevailing:n the absence of
viablecompetitionUnittrainrates, however, con tainless room
for thissort ot reduction than do those of other types of rail ship-
ment

West, where the selected movements represent
18 percent of western railroad shipment pro-
jections for 1985, and over 25 percent for 2000.
Because the designated coal movements are
long-haul shipments, their share of total ton-
miles of coal is even larger than of tons
originated. Nationally, the five movements
represent 30 percent of all railroad coal ton-
miles projected for 1985, and 38 percent for
2000, Again, the effect is greatest in the West
because this region is characterized by an
unusual number of long-haul, large-volume
shipments that are susceptible to pipeline
movement. The designated movements in the
West account for 45 percent of the ton-miles
of coal projected for railroads in the year 2000
under the No-Pipeline Baseline.

Operating Cost and Revenue Impacts

Railroad revenue losses associated with the
Lost Tonnage coal movements were deter-
mined with help of the forecasting formula: ’

Revenues/Ton = 113,7 + 0.382 (Distance)

where Revenues/Ton is in cents per ton, and
Distance is in miles. Using this formula, the
revenue loss for each route was computed as
revenues/ton times total tons, It may be noted
that this revenue-loss formula yields results
comparable to published rate data. However,
there is as yet little actual experience with unit
trains for the volumes and distances con-
sidered in this study.

The operating costs for the Florida and
Texas coal movements were obtained from the
case study analysis, as described in chapter IV.
The other three movements were judged to be
between the cost of the Minnesota and Texas
coal movements, for which case studies had
been conducted. On this basis, the operating
costs for these three shipments were estimated
by a tonnage and mileage adjustment of a
level of costs between those for Minnesota and
Texas. The reduction in railroad operating
costs as a result of the shipments lost to

"Denvation ot the formula 1s decribed in Volume 11
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Table 17. Lost Tonnage Impacts Upon Railroad Operating Costs

cost
reduction
Rail from lost
operating tonnage
Coal supply Tonnage Distance® Ton-miles Costs’ (millions of
Destination region (millions) (miles) (millions) ($/ton) 1971 dollars)
1985
Florida So. Appalachian 16 857 13,712 3.98 63.7
Indiana Central Western 27 1,430 24,310 3.36 57.1
Kansas Central Western. . . ................ Notransferin 1985 . ... ... ... ... . . .. . i,
Missouri Central Western 14 1,235 17,290 2.90 52.2
Texas Central Western 35 1,400 49,014 4,04 141. 4
314.4
2000
Florida So. Appalachian 32 857 27,424 3.49 111.7
Indiana Central Western 17 1,430 24,310 3.16 53.7
Kansas Central Western 19 910 17,290 2.01 38.2
Missouri Central Western 14 1,235 17,290 2.33 41.9
Texas Central Western 125 1,400 174,795 3.75 465.0
710.5

aF|orida and Texas are based upon case study data, the other States calculate the distance at 1.3 times the straight line

distance. bNot total costs. See text for definition.

Source: IR&T estimates based upon Teknekron and GRC data.

pipelines is given in table 17 for each route in
the years 1985 and 2000. The largest effect oc-
curs in the West in 2000, where a 6 5-percent
reduction in operating cost is achieved,
primarily due to the postulated loss of the
Texas coal movement.

Having estimated the railroad revenue and
operating cost reductions because of lost coal
shipments, the changes in NET were deter-
mined The results are shown in table 18. These
values indicate that the revenues lost by
railroads for the selected routes substantially
exceed the operating cost reductions that can
be achieved. The results are the same for all
the cost) price alternatives since the revenue
and cost differentials between the scenario
and baseline are exogenously determined for
the specific routes involved.

Investment Impacts

Reductions in coal car and locomotive re-
guirements are identified in table 19 for the
tonnage losses to pipelines postulated in

the Lost Rail Tonnage scenario. The rolling
stock requirements for the Florida and Texas
shipments were obtained from the case studies
described in chapter IV. For the other three
moves, it was assumed that coal cars would
have a utilization rate of 75,000 miles per car
per year and that 5 locomotives would be re-
quired for every 100 coal cars. As discussed in
the appendix for the No-Pipeline Baseline, hop-

Table 18. Lost Tonnage Impacts Upon
Net Railway Operating Revenues®

(Millions of 1971 dollars)

1980 1985 1990 1995 2000

East. . . O -5.94 -5.97 -6.14 -6.25
South. 0 -19.68 -32.76 -33.81 -53.32
West . . 0 -123.85 -352.58 -503.61 -628.30
U.S.A. 0 -14947 -391.31 -543.56 -687.87

‘These values represent the difference between the Net
Railway Operating Revenues for the Lost Rail Tonnage
scenario and those for the No-Pipeline Baseline. There is no
difference between the results for the five cost/price alter-
natives.
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per cars and locomotive suppliers should have
no difficulty in furnishing the necessary rolling
stock in the absence of pipelines. Since the
reduction in equipment requirements iden-
tified in table 19 would be only about 5 per-
cent of the Baseline total, pipeline develop-
ment should have little effect upon the supply
situation for railroad rolling stock.

The investment reductions for rolling stock
and way and structures associated with the

scenario on railroad coal-tonnage losses are
shown in table 20. The way and structures in-
vestment reductions for the Texas and Florida
moves were derived from data presented in
table A-6. (See appendix. ) The values for the
other three moves were obtained by a ton-mile
adjustment of long-haul shipments total given
in that same table. The Baseline way and struc-
tures investment requirements are shown in
parentheses for purposes of comparison.

Table 19. Lost Tonnage Impact Upon Railroad Rolling Stock Requirements

(Reduction in vehicle requirements by route)

Category Destination 1985 1990 1995 2000
Coal hoppercars. ............. Florida 2,975 3,958 3,958 5,846
Indiana 3,137 3,137 3,137 3,137

Kansas 0 0 2,305 2,305

Missouri 2,964 2,964 2,964 2,964

Texas 6,383 12,855 16,954 22,768

Totals 15,549 22,914 29,318 37,038

Locomotives . ................ Florida 196 257 257 379
Indiana 157. 157 157 157

Kansas 0 0 115 115

Missouri 148 148 148 148

Texas 315 629 839 1.126

Totals 816 1,191 1,516 1,925

Source: IR&T.

Table 20. Lost Tonnage Impact Upon Railroad Investment Requirements
(Reduction in requirements for the Lost Rail Tonnage scenario relative to No-Pipeline Baseline)

(Millions of 1971 Dollars)

1980-1985 1985-1990 1990-1995 1995-2000

Coal hopper cars per year (number) . ................ 3,110 4,583 5,864 4,230
Annual coal carinvestment .. ...................... 40.4 59.6 76.2 55.0
Locomotives per year (number). ........... ... ..... 163 238 304 222
Annual locomotive investment . .................... 40.1 58.5 74.8 54.6
Annual way and structures investment . ............. 0/38°

(Baseline annual way and structures investment). . . .. (501) (470) (453) (456)
Total annual investment reduction. . ................ 80.5/1 18.5 151.1 162.0 128.6

a|fpipel iS are brought onstreamalong each route in 1985, the railroads may be unable to achieve any reduction rway
and structures investment over the 1980-85 period. The possibility is indicated by the zero value shown in the table. If the
pipelines come onstream in 1980, it was estimated that an average annual reduction of $19 million in way and structures in-
vestment could be achieved over the 1980-85 period.

’Baseline annual way and structures investment is provided for comparison.
Source: IR&T.
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The ability of railroads to obtain the
necessary financing for coal-related transpor-
tation investment has been occasionally ques-
tioned. Referring to the Baseline investment re-
guirements discussed in the appendix and the
reductions shown in table 20, a number of con-
clusions can be drawn regarding the critical
1975-85 time period. First, the identified
railroad capital requirements are small com-
pared to the demand for capital in the U.S.
economy. Second, the investments are re-
guired of financially sound western and
southern railroads that enjoy fairly easy access
to capital markets. Third, the increase in in-
vestment for shipments that might go to pipe-
lines is only 4 percent of overall railroad in-
vestment. Finally, at least the portion of the in-
vestment associated with hopper cars could be
shifted to the shippers through leasing ar-
rangements or shipper ownership of cars if the
railroad should encounter difficulties in
financing investments.

Another investment-related question regards
the possibility of “ u necessary” capital
expenditures. If the bulk of the pipelines were
not to come online before 1985, railroads
might be forced to make substantial in-
vestments in order to provide unit train coal
shipments prior to that date. It is unlikely they
could recoup these investments. The problem
is relatively minor for rolling stock investment,
since most of this could be readily shifted to
other uses. Track improvements and new track
emplacements, however, are less likely to have
alternative uses. If the strong assumption is
made that rail roads provide full unit train serv-
ice through 1985, then lose the Lost Rail Ton-
nage scenario shipments at that time, $270
million of sunk capital in way and structures
would be lost. There are three possibilities as
to how this problem would be handled in prac-
tice:

1. The railroads would simply not make
these investments, and hence would pro-
vide only slower and more expensive
service;

2. The railroads would make these in-
vestments but would be forced to charge

very high rates to ensure their adequate
amortization, or;

3. The railroads would have to absorb very
high and unrecoverable capital costs to
provide unit train service over the period
in question.

The option that would be adopted is, in large
part, a matter of regulatory policy.

Employment Impacts

The reductions in railroad employment in
response to pipeline development along the
five scenario routes are shown in table 21,
These reductions correspond to 4.4 percent of
the railroad employment that would exist in
2000 in the absence of pipelines. The railroad
employment losses (relative to the Baseline)
are greatest in the West, representing more
than 6 percent of the potential railroad labor
force for that region in 1995 and 2000. These
railroad employment reductions are only par-
tially offset by the direct employment in-
creases associated with pipeline construction
and operation, estimated at between 300 and
500 workers along each route,

The employment requirements identified
above are for direct transportation operating
employment by the railroads and pipelines. In
addition, each transportation mode stimulates
employment in equipment supplier and con-
struction industries. These employment re-
quirements vary with regard to the time period
considered and the employment measure
used. Because pipelines require greater con-
struction expenditures, the total number of job
position requirements (operating and other) of
the two transport modes were found to shift
over time. For the period 1980-90 job position
requirements are greater for pipelines than for
railroads. After 1990 railroads will generate
more jobs than pipelines, but railroad re-
quirements do not exceed the cumulative total
for pipeline job requirements until 2000. In the
long run, however, both direct and multiplier
effects indicated that railroads would provide
more jobs than pipelines because the former
generate more spending and, in terms of
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Table 21. Lost Tonnage Impact Upon Railroad Employment and Compensation by Route®

Destination 1985 1990 1995 2000

Employment . ................ Florida 1,770 1,951 1,645 2,005

Indiana 3,073 2,612 2,209 1,876

Kansas 0 0 1,568 1,334

Missouri 2,810 2,390 2,018 1,716

Texas 4.369 7.127 8.092 9.012

Total 12,022 14,080 13,958 15,943

Baseline employment. . . . ... .. (362,520) (361,950) (362,660) (365,660)
Compensation (millions of

1971 dollars) . .............. Florida $29.68 $38.00 $ 37.23 $52.70

Indiana 51.52 50.87 49.91 49.30

Kansas 0 0 35.50 35.06

Missouri 47.11 46,53 45.63 45.09

Texas 73.23 138.78 183.12 236.76

Total $201.54 $274.18 $351.39 $418.91

aThe employment and compensation numbers given in the table reflect the reduction in each variable for the Lost Rail

Tonnage scenario relative to the No-Pipeline Baseline.

bThe total No-pipeline Baseline employment estimates for each year are provided in parentheses for purposes of com-

parison.
Source: IR&T.

operating requirements, are more labor inten-
sive.

As with investment needs, transition impacts
are also an important consideration regarding
employment requirements. The railroads might
find themselves with a significant number of
surplus employees if pipelines do not come
online until 1985. It would be difficult to
transfer these employees to other railroad
jobs, since aggregate railroad employment was
predicted to remain relatively constant in the
post-1985 period. Pipeline implementation
could therefore lead to layoffs and at least
temporary unemployment of a maximum
12,800 railroad employees. The decreases in
rail road wage compensation corresponding to
the Lost Rail Tonnage employment reductions
are also shown in table 21. The effect upon
regional economics would be quite small. In
fact, in line with the preceding discussion,
pipeline labor compensation increases should
offset the effect of the railroad compensation
decreases up through the year 2000.

Operating Income Impacts

The reduction in railroad employee compen-

sation given in table 21 was translated into a
reduction in payroll taxes, in the manner
described in the appendix. A similar computa-
tion was made for the State and local tax
reductions resulting from the lost railroad coal
shipments. These changes in railroad tax
payments were then employed to evaluate the
Operating Income for railroads under the con-
ditions of the Lost Rail Tonnage scenario. The
Operating Income results are presented in
table 22 for the southern and western railroad
regions over the period 1980 to 2000. The
values become negative in the western region
for Alternative Il (historical rate decline) in
1990 through 2000, and decline steadily from
an unacceptably low level to negative values
for Alternative IV (constant operating ratio).
Thus, neither of these rate behaviors could be
sustained in the presence of the postulated
level of pipeline market competition.

The railroads must at least obtain sufficient
revenues to satisfy their MNNI requirements.
This corresponds to Alternative V, as discussed
for the Baseline. The MNNI revenues for
western railroads in the case of the Lost Rail
Tonnage scenario are shown in table 23. Com-
paring these results with those given in table 16
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Table 22. Railroad Operating Income 1980-2000—Lost Tonnage Scenario
(Millions of 1971 dollars)

1980 1985 1990 1995 2000
Alternative |
South
Net railway operating revenues. . . . . . . $ 917 $1,632 $1,980 $2,713 $3,588
Payrolltaxes . . .................... (183) (261) (347) (478) (653)
State and local taxes. . . ............. (57) (66) (74) (87) (101)
Operatingincome . . .............. 677 1,305 1,560 2,148 2,834
West
Net railway operating revenues. . . . . .. 2,209 3,207 3,748 4,540 5,788
Payrolltaxes . .. ................... 477) (652) (839) (1,114) (1,479)
State and local taxes. . .. ............ (192) (204) (217) (234) (258)
Operating income. . .. ............ 1,540 2,351 2,692 3,192 4,051
Alternative!
South
Net railway operating revenues. . . . . .. 838 1,548 1,867 2,559 3,384
Payrolltaxes . . .................... (183) (261) (347) (478) (653)
State and local taxes. . . ............. (57) (66) (74) (87) (101)
Operating income.. . .. ........... 598 1,221 1,446 1,994 2,630
West
Net railway operating revenues . . . .. .. 1,998 3,023 3,462 4,162 5,300)
Payrolltaxes . . .................... 477) (652) (839) (1,114) (1,479)
State and local taxes. . . ............. (192) (204) (217) (234) (258)
Operatingincome . . .............. 1,329 2,167 2,406 2,814 3,563
Alternative I
South
Net railway operating revenues. . . . . .. 522 977 1,015 1,279 1,533
Payrolltaxes . . .................... (183) (261) (347) (478) (653)
State and local taxes. . . ............. (54) (60) (65) (73) (82)
Operating income. . .. ............ 285 656 603 728 798
West
Net railway operating revenues. . . . . .. 995 1,232 795 406 111
Payrolltaxes . . .................... 477 (652) (839) (1,114) (1,479)
State and local taxes. . .. ............ (181) (185) (189) (195) (204)
Operating income. . . . ............ 337 395 -233 -903 -1,572
Alternatively
South
Net railway operating revenues. .. .... 495 528 624 757 899
Payrolltaxes . ..................... (183) (261) (347) (478) (653)
State and local taxes taxes .......... (54) (56) (61) (68) (76)
Operatingincome .. .............. 258 211 216 211 170
West
Net railway operating revenues. . . . . .. 1,288 1,277 1,297 1,386 1,632
Payrolltaxes . . .................... (477) (652) (839) (1,114) (7,479)
State and local taxes. . .. ............ (184) (186) (194) (205) (219)
Operating income. . . . . ........... $ 627 $ 439 $ 264 $ 67 -$ 66

Source: IR&T,



80 . Coal Slurry Pipelines

for the Baseline indicates that the expenditure
reductions related to tonnage losses permit a
maximum reduction in MNNI of 4.1 percent in
1985 and 6.4 percent in 2000.

Table 23. Rail Revenues To Maintain
Minimum Necessary Net Income on Western
Railroads— Lost Tonnage Scenario

(Millions of 1971 dollars)

1985 2000
Operating costs . ... ........ $5,407 $8,452
Payroll taxes. . ............. 652 1,479
State and local taxes. .. ... .. 175 214
Minimum necessary net
income................. 715 985
Revenues ................. $6,949  $11,130
Source: IR&T.

System Costs

Two effects must be distinguished in assess-
ing the net economic impact of coal slurry
pipeline development. These two effects are:
1 ) changes that result in net savings or costs to
the overall economy, and 2) changes that af-
fect prices or incomes by transferring money
from one group to another without a net
change in output of the overall economy. In
the case of coal slurry pipelines, the potential
net savings to the economy stem primarily
from the labor, capital, and other resources
that are released to uses other than coal
transportation as a result of the shift from
railroad shipments to pipelines. The relative
transportation costs for the two alternative
systems, with and without pipelines, con-
stituted the basic measure of net savings.

Three additional considerations must be ad-
dressed in translating the transportation sav-
ings of pipelines into net savings to the
economy. First, the total amount of coal
transported may increase in response to the
reduced transportation charges, and if rail
rates charged other shippers increase as a
result of the lost coal shipments, transporta-
tion of other commodities may correspond-
ingly decrease. These potential shifts in com-

modity transport could add to, or detract from,
the direct pipeline savings. Second, the full
amount of the transportation savings are only
applicable if resources can be successfully
reallocated to other uses in the economy. For
example, contained unemployment among
railroad workers would imply that the labor
resources could not be fully redirected.
However, as noted earlier, pipelines offer
greater near-term and lesser long-term employ-
ment than railroads. Third, the opportunity
costs of water in alternative uses may have to
be deducted. As discussed further on, these op-
portunity costs are relatively small if the
pipeline water is drawn from what are cur-
rently the lowest value uses in the originating
basins.

The reader should recall at this point that
the pipeline markets and cost advantages on
which this analysis is based are hypothetical.
The purpose of this section is to illustrate how
positive and negative impacts would be dis-
tributed if a pipeline industry as described in
chapter IV were to develop.

Potential Savings

Utilities stand to benefit from reduced coal
transportation charges, the extent of the
benefit depending upon the rate differential
achieved. Pipeline rates will be critically
dependent upon three factors: regulating
policy with respect to coal slurry pipelines;®
competition between pipeline companies; and
the relative bargaining power of the pipeline
company and electric utility. Since there are
several companies capable of building and
operating coal slurry pipelines, and electric
utilities themselves can invest in pipeline ven-
tures, the ability of pipelines initially to charge
rates significantly in excess of costs may be
somewhat limited. In addition, the large ship-
ment sizes necessary to achieve favorable
pipeline economics mean that the electric
utilities involved will tend to be quite large.

‘Regulatory considerations are discussed in chapter VI 1 of this
report
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Customer size and financial leverage could
further serve to restrict the possibilities for ex-
cessive pipeline rates. Reduced transportation
rates could also increase the demand for coal
in some areas, thereby benefiting the mining
industry

The rate situation for railroads is more com-
plicated than for pipelines. This study found,
as others have, that railroads have historically
been able to achieve significant economies of
scale. These economies of scale have occa-
sionally led to difficulties in setting railroad
rates, This is true because as long as incremen-
tal, or marginal, costs’ are declining, rates
must exceed the incremental costs of each
shipment if railroads are to cover effectively
their total costs. The proper method of
allocating these additional charges to specific
rates has been the subject of regulatory debate
for decades,

The actual savings to utilities as a result of a
shift to pipelines therefore depend not upon
differences in costs for the two modes, but
upon differences in rates. The railroad rate and
incremental railroad cost assumptions used
embodied a significant difference between rail
rate and incremental rail costs. The maximum
savings to utilities would occur if pipeline
rates equal led pipeline costs, due either to
market or to regulatory forces. The maximum
savings would then equal the difference be-
tween rail rates and pipeline cost. In the Lost
Rail Tonnage scenario this would result in sav-
ings of $273 million a year in 1985, rising to
$710 million a year by 2000. On the other hand,
as noted above, pipeline rates may be
significantly higher than pipeline costs. The
minimum estimate of utility savings would
therefore be calculated as the difference be-
tween rail rates and incremental rail costs. The
estimated savings then would be $49 million a
year in 1985, and rising to $416 million a year
by 2000. The difference between these two
utility savings estimates represent potential
monopoly profit to pipelines,

The precedent-based nature of many

*Inc remental, or marginal, costs are the change in total cost
resultingtromana dditiondlun itot output or service

railroad rates may not permit railroad rate
reduction. The Interstate Commerce Commis-
sion [ICC) regulation of railroad rates becomes
a factor at this point. The ICC attempts to ap-
prove rail rates in an internally consistent man-
ner in part so that a customer making a ship-
ment in one region of the country will be
charged the same amount as a customer mak-
ing a comparable shipment in the same region.
As a result, the ICC may not approve lower
rates where pipeline competition is arising. If
the rate reduction were not allowed and the
pipelines were able to capture that set of coal
shipments, the effect upon the economy as a
whole would be a transportation loss since a
more expensive transportation mode would be
employed along those routes.

Impact Upon Other Shippers

The transportation savings to utilities are
directly related to downward adjustments in
the rates charged for the coal shipments,
whether the adjustment in rates are achieved
by transferring shipments to pipelines or as the
result of a competitive adjustment in railroad
rates. Both adjustments cause a comparable
reduction in railroad revenues. To the extent
that the revenue losses exceed the correspon-
ding reductions in railroad costs (including tax
expenditures, etc.), railroads will suffer a net
reduction in coal-transportation-related in-
come. This income reduction can either be ab-
sorbed by the railroads, thereby adversely af-
fecting their financial performance, or it can
be passed on, in whole or in part, to other ship-
pers. The amounts by which charges to other
shippers must be increased in order to attain
desired levels of railroad financial per-
formance were determined for two situations.
For Alternatives |-V, revenues were increased
by that amount necessary to restore the profits
lost (calculated as the difference between
railroad rates for coal and the costs of these
shipments). In Alternatives | and Il no rate
change was required as the profit from coal
shipments was not necessary to the financial
health of the railroads. For Alternatives Il and
IV, rate changes would be required in the West
to restore an already precarious financial
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status. For Alternative V, the rate increase re-
guired to maintain the MNNI was determined.
In 1985, the rate increases required to restore
pre-pipeline financial positions (for the Lost
Rail Tonnage scenario) are from 0.7 to 0.9 per-
cent by 1985 rising from 4 to 4.7 percent by
2000. If western railroads must also lower rates
on some coal shipments to meet pipeline com-
petition, the required rate increase for other
shippers were estimated to be somewhat
higher.

In order to put these potential rate increases
into context, it should be noted that they do
not represent increases over present rates.
Rather they imply that rates would decline less
than would occur in the absence of pipeline
competition.

Net Savings

The preceding two subsections addressed
the manner in which revenue losses and gains
may be allocated among railroads, utilities,
and other shippers. These allocations fall into
the category of revenue transfers. The net sav-
ings to the economy are related to the dif-

ference in costs (not revenues) between the
two shipment modes. Thus, the Lost Rail Ton-
nage scenario achieves net savings, since the
pipelines are assumed to cost less along those
routes for which shipment adjustments are
made. Competitive pressures on rail rates, on
the other hand, merely reallocate revenues
without bringing about a net savings to the
economy. The potential net savings associated
with the pipeline costs and market shares
assumed in chapter IV are given in table 24.
The values shown are the cumulative savings
for the periods 1985-2000, and 1985-2015
assuming that shipment levels remain at their
2000 level from 2000-2015. The aggregate net
savings are in excess of $2.5 billion over the 30-
year period. These figures are subject to the
limitations and simplifying assumptions ex-
plained at the end of chapter IV.

Table 24 also shows the sensitivity of the net
saving estimates to certain key economic
assumptions. A significant fraction of the sav-
ings were attributable to assumed large
shipments to Texas. In order to gain insight in-
to the significance of the other four shipments,

Table 24. Sensitivity of Potential Net Savings From Hypothetical Coal Slurry Pipeline Development

(Discounted present value in billions of 1971 dollars?)

Sensitivity y Analysis

Significant
Lost rall No way and railroad
Time tonnage structures economies
period scenario’Low Texas® invest mental of scale®
1985-2000 . . . . ... 1.6 1.2 1.2 0.63 -~
1985-2015f . . . ... ... 25 1.6 1.9 0.95

a1971dollars Canpe convertedinto 1977 dollars by multiplying by 1.42. Future dollars are discounted to 1977 at 7.15 per-

cent per year.

bThe Lost Rai Tonnage scenario assumes that significant potential net savings can be achieved by substituting pipelines

for railroads on selected routes. This sensitivity analysis was designed to evaluate the effect upon potential net savings of
various economic assumptions favorable to railroads. As a result, these sensitivity analyses yield lower potential net savings
than for the original scenario. This does not mean that the scenario represents the highest possible estimate. Additional
pipeline construction would increase those savings as long as they were implemented in response to real cost advantages.
¢The Low Texas case assumes no growth in Texas shipments after 1985.
dTheNoWayandStructureslnvestmentcaseassumesthat new track and upgrading expenditures attributable to those
unit trains affected by pipeline competition are zero because of benefits elsewhere i n the rai | road system.
eThe Significant Railroad Economies of Scale case assumes a scale factor of .87 for all operating expenditures and way

and structures investment.

The 1985-2000 alternative assumes that shipments Cent inue at the year 2000levels f rom2000to 2015.
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the net savings were calculated assuming no
growth beyond 1985 for the Texas pipelines.
The net savings remain substantial, being ap-
proximately 70 percent of the results with the
full Texas shipments.

A more important economic assumption
underlying the net savings estimates was the
assumption that no changes occur with regard
to systemwide costs. Two systemwide changes
were examined through sensitivity analyses.
First, the possibility was considered that way
and structures investments for new track and
track upgrading may either attract additional
traffic or reduce costs for other shipments. A
sensitivity analysis was conducted in order to
test the potential importance of this issue. The
extreme assumption was posed that all of the
way and structures investment attributed to
unit trains could, in fact, be assigned to other
traffic requirements. On this basis, the way
and structures investments for the coal unit
train shipments of the Lost Rail Tonnage
scenario were set to zero, Even with this ex-
treme assumption, the net savings remain
substantial Only one route (Kansas) actually
changes sufficiently to return from pipeline to
rail.

The analysis of the sensitivity of net savings
to way and structures also has another implica-
tion which should be noted. In the section on
Investment Impacts, a potential problem was
raised that railroads might have to make way
and structures investments which would then
be worthless when pipelines came online. The
fact that net savings are still high even in the
absence of way and structures investments by
railroads also implies that deductions of these
transition costs would still leave substantial
net savings.

A second way in which the incremental cost
analysis may err is by failing to take into ac-
count systemwide economies of scale not
readily apparent when analyzing a specific
route These are in part dependent upon the
systemwide total size. Economies of scale
have two possible origins: large fixed costs ac-
companied by relatively constant costs for

each additional shipment, or declining in-
cremental costs for each additional shipment.
The case of large fixed costs and constant in-
cremental costs presents difficulties in cost
allocation and ratesetting, but does not re-
quire a correction to the incremental cost-
based net savings estimates given in table 24.
The case of declining incremental costs does,
however, require an adjustment to the in-
cremental cost-based net savings estimates.
Unfortunately, prior statistical cost studies,
while strongly suggesting the presence of
railroad economies of scale, do not permit dif-
ferentiation between the two cases. For the
purposes of a sensitivity test, it was assumed
that declining incremental costs hold for all
operating cost categories and for way and
structures investments. The scale factor of 0.87
was used, i.e., cost increases 0,87 percent for
every l-percent increase in ton-miles. This ex-
treme assumption considerably reduced the
size of the net savings, but some net savings re-
main, as shown in table 24.

The net savings in table 24 were computed
assuming that the total transportation system
size does not change. That is, neither the total
amount of coal transported nor the amount of
other goods transported by both rail and
pipeline change as a result of the implied
changes in rates. In fact, total goods
transported does change with transportation
rates. To the extent that utilities use more coal
with lower transportation rates, the resulting
benefit to the mining industry from using coal
rather than other fuels will increase the net
savings attributable to pipelines. To the extent
that railroads lose shipments when they at-
tempt to increase rates to maintain necessary
income, net savings will decrease. Whether net
savings increase or decrease as a result of
these two types of offsetting effects depends
upon the relative responsiveness to rate
changes of the different types of shipments.
Current data does not permit a clear judgment
as to the direction of this effect, but it would
be unlikely to offset the total potential net sav-
ings identified in table 24.
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Economic Impacts of
Water Resource Allocation

The cost analysis described in chapter IV in-
cluded the costs that pipelines will have to pay
for water usage, such as pumping, transporta-
tion, and purchase price. These costs are part
of the pipeline’s operational expenditures.
However, they may not reflect the full value of
that water in alternative uses. This could hap-
pen because, unlike most other resources,
water resources are not allocated through
markets. Though details vary, water tends to
be allocated in the form of water rights. These
rights are frequently nontransferable, i.e., one
must use the right or lose it, rather than being
able to sell it. The problem in establishing
water value in alternative uses is further com-
plicated by the substantial subsidies often pro-
vided if the water source is a Federal resource
project. As a result, the true societal value of
water cannot be directly determined from the
prices paid, but must be assessed through a
comparative evaluation of the water’'s value in
alternative uses. A variety of studies suggest
the following ordering of water values in use:
municipal water supply tends to have the
highest value, industrial use varies by industry
but tends to be lower in value than municipal
use, and agricultural uses, with the exception
of certain high value per-acre crops, such as
fruits or vegetables, tend to have the lowest
values.

The two principal potential industrial uses in
the western coal region are coal gasification
and coal mining. In order to appraise the value
of water used for coal gasification, the net
profits and flexibility of water used for such
plants must be estimated. Since the feasibility
of these plants in the West is somewhat uncer-
tain, and the engineering details necessary for
an analysis of flexibility in water use have not
yet been developed, the value of water in this
case cannot be quantified at this time.
However, a maximum value can be estimated
for water if it would otherwise be used for
coal mining in the West. The environmental
analysis described in chapter VI indicated that

up to 331 million tons of coal would be
foregone in 2000 if all the case study pipeline-
related water were obtained from coal produc-
tion. On the basis of the 1971 value of Wyo-
ming coal, $4.14 per ton, the resulting coal pro-
duction loss would exceed $1.3 billion per
year. Of course, only a small fraction of this
value represents the opportunity costs
associated with water usage. It also includes
values for capital, labor, and other inputs that
would be redirected into other uses. Never-
theless, the magnitude of the economic loss if
coal production were affected by water with-
drawals is such that even a small fraction of it
would represent a major offset to the savings
associated with coal slurry pipelines.

An estimate can also be made for the max-
imum possible value of water in the largest
agricultural application, hay and alfalfa grow-
ing. The environmental analysis (see chapter
V1) indicated that transporting 125 mill ion tons
per year from eastern Wyoming by pipeline
would require 69,500 acre-feet of water. If this
water were otherwise to be used for hay and
alfalfa acreage, 300,000 tons of potential an-
nual hay production would be foregone. At a
1971 value of $26.00 per ton, the annual value
of foregone hay production would be $7.8
million. This value includes the value of labor
and other inputs. The actual value of the water
is probably less than 20 percent of the total.
The quantities of production in question are
sufficiently small that they should not affect
national food prices.

The estimated value of water in coal mining
was found to be many times as great as in hay
growing. The water would therefore be obtain-
ed from the latter usage if it were allocated by
economic market conditions. However, water
resources are allocated by nonmarket mecha-
nisms in many regions, as discussed in chapter
VII. As a result, the economic impact of water
diversions by pipelines will be critically depen-
dent upon the water resources policy in each
region, and the economic impact will disap-
pear if there is sufficient water to satisfy the
needs of all potential users. The availability of
water in the pipeline-origin region is discussed
in chapter VI.
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INTRODUCTION

The following discussion of the environmen-
tal and natural resource impacts of transporta-
tion of coal, by railroad unit trains or coal
slurry pipelines, recognizes the inherent dif-
ferences between the two modes of transporta-
tion The form of the product transported dif-
fers, the physical environment under which the
products are transported differs and therefore,
the environmental impacts differ. Coal slurry
pipelines use substantial amounts of water,
whereas railroads require essentially no water
for the transportation of coal. The major en-
vironmental impacts of railroads are the delay,
noise, and inconvenience caused by trains
traversing populated communities. Both
modes of transportation will cause some en-
vironmental impacts from construction and
facility improvement. Slurry pipelines and in-
creased unit train operations are directly com-
parable only in the areas of air pollution, safe-
ty and health, noise, and energy and materials
resource depletion Even these areas present
analytical problems: diesel locomotives emit
pollutants along a linear path, while the emis-
sions due to power generation for coal slurry
pipelines would be concentrated at several
point sources. A large percentage of the oc-
cupational accidents due to pipelines would
occur during construction, but the present
study anticipates only a nominal amount of
new rail construction. Additionally, many if
not al | the impacts are interrelated For exam-
ple, noise pollution has an effect upon land
use, as does the diversion of water to a slurry
pipeline from an existing or projected future
alternative use

The discussion is limited to the incremental
impacts of moving the estimated amounts of
coal. That is, analysis of all railroad impacts is
not attempted, but rather those impacts at-
tributable to the estimated increased coal

transportation. The incremental impacts due
to moving comparable amounts of coal by
coal slurry pipeline are analyzed, but because
of the necessary pipeline construction and the
fixed origin, destination, and volume of
pipelines, the incremental and total impacts
are nearly the same.

The discussion is also limited to the differen-
tial impacts of coal slurry pipelines and
railroads. It is assumed that the coal will be
transported and not, for example, burned at
the mine site. Other modes of transmission,
while admittedly possible, are not analyzed
here.

The people adversely impacted by coal
transportation are not necessarily the same
people who will benefit from the power
generated by the coal. The study is concerned
with the nature, extent, and duration of the ex-
amined impacts. Railroads and oil and gas
pipelines have been on the American scene for
many years. Many of their environmental im-
pacts are well known and it is relatively easy to
compare them with other aspects of human ex-
perience.

Three kinds of impacts were selected for
study:

. Those which have been historically
significant, such as air pollution,

2. Those which, from a scientific standpoint,
appeared to have the potential for
significance; e.g., the interactions be-
tween coal and water in the slurry
pipeline, and

3. Those which initially appeared to b e
insignificant but which, due to their fre-
guent appearance in the public debate,
required an objective, thorough examina-
tion; e.g., the potential for coal dust being
blown off of coal hopper cars.

87
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The following section discusses the most im-
portant environmental issue associated with
coal slurry pipelines — the availability of water.
The major environmental impacts associated
with increased railroad unit train operation —
noise, traffic, delay, and inconvenience — are
discussed in the next section. Longer term im-
pacts, chiefly those resulting from pipeline

WATER USE

As illustrated in figure 20, water re-
guirements for transmission of coal as a slurry
are substantial and dependent upon coal-
moisture content. The four hypothetical
pipelines discussed earlier in this report would

Figure 20-Transmission Water Requirements
as a Function of Coal Throughput Moisture Content
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operations, and shorter term impacts, chiefly
associated with construction, are reported in
later sections. Some of the construction and
operation impacts have actually been ob-
served, while other impacts may not have yet
been observed but were either deemed likely
to occur or subject to enough public debate to
be included.

BY PIPELINES

require a total of from 35,000 to 47,000 acre-
feet per year (AF/yr) of water. These aggregate
figures, which are presented by hypothetical
pipeline route in table 25, do not reveal much
about either the impacts of such water use
upon the areas which would supply the water,
or the source of the necessary water. To place
the consumptive use of water in perspective,
the water supply potential of four hypothetical
pipeline origins was evaluated.
locations, Wyoming and Montana, the Bighorn
River would supply water by aqueducts to the
slurry pipeline origin. Ground water from the
Madison Limestone Formation was also con-
sidered as a water source for the pipeline from
Wyoming. The Tennessee River would supply
the pipeline from Tennessee and the Green
Rive would be the water source for the
pipe ine from Utah.

Table 25. Water Requirements for
Hypothetical Coal Slurry Pipelines

Range of
Million tons annual
of coal requirements
Route per year AF/yr
Wyoming-Texas ....... 35.0 13,000-20,000
Montana-Minnesota/

Wisconsin . ......... 135 6,000-8,000
Tennessee-Florida. . . . . 16.0 10,000-12,000
Utah-California. . . ... .. 10.0 6,000-7,000

“Includes water for transmission and emergency
flushing reservoir replenishment. Minimum is for high-

moisture coal and no spills. Maximum is for low-moisture
coal and a worst case of one spill per year.

In two source
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Although the four pipieline routes and
destinations are hypothetical, the general loca-
tion of the source of the routes is plausible
because of the abundance of coal at the
selected locations. Most of the water required
for a given pipeline must be available near the
pipeline origin. The generalizations from the
four specific cases are therefore of widespread
importance with respect to water usage and
availability.

Two types of potential impacts from the
water use were investigated: those upon the
immediate, surrounding environment, i.e.,
streams and aquifers, and those upon alter-

native water uses, The first category, en-
vironmental impacts, are minor for the follow-
ing reasons:

* Withdrawals of surface water for coal
slurry pipeline use would constitute a very
small fraction of the physically available
flows in supply source streams or rivers. If
one ignores other uses of water as a
resource, effects upon flow rate, dissolved
oxygen concentration, salinity, waste
assimilative capacity, and other water
quality parameters would probably not be
measurable. For example, a group of
pipelines moving 125 million tons of coal
per year from Wyoming would use a max-
imum of 3 percent of the Bighorn River’'s
average depleted flow at the Wyoming-
Montana State line. Agricultural uses
downstream from the nearby Boysen
Reservoir are more likely to deplete flows
to a point where water quality seriously
declines. Pipelines from Tennessee carry-
ing 31 million tons per year would remove
at most O 1 percent of the flow of the Ten-
nessee River. | n both cases flows are
regulated by reservoirs.

+ Although increased pumping of ground
water from the Madison Formation in
Wyoming could result in declines in
potentiometric head at some distance
from well fields, there is no evidence that
local or regional subsidence or reduced
surface streamflow would occur.

The other category of environmentally

related impacts from water use by coal slurry
pipelines is a reduction in some present or
future alternative water uses. In each of the
four hypothetical cases studied, the physical
supply of water is sufficient to transport the
coal even with substantial future expansion of
pipeline volumes. However, three legal factors
limit the actual water available:

1. Interstate compacts, State legislative
restrictions on use, Indian rights, and the
possible exercise of Federal reserve rights
all place a practical limit upon quantity
of water that may be used in a given river
basin or State. Ironically, the greater the
hydrologic area considered, the more
restricted the water supply.

2, The prior appropriation doctrine, based
upon the concept of earliest beneficial
use of water, dominates the water rights
system in the coal-producing areas of the
West. In most Western States, including
Wyoming and Colorado, the user who is
“first in time is first in right. ” The holder
of a relatively recent right which is subor-
dinate to older claims may be allowed to
appropriate or divert little or no water in
times of drought.

3. Water rights systems in the West are
administered by the States, usually
through the State engineer. Obtaining
water rights is often a time-consuming,
complicated affair, and the would-be ap-
propriator must often “stand in line
behind a series of prior applications.”

The current drought is dramatizing the scar-
city of water in the West at the same time that
plans for increased energy development, in-

cluding mining, electric power generation,
coal gasification and liquefaction, and shale
oil exploitation, all would require relatively

large increases in consumption of the region’s

"W Gertsch, “Utah Water Supply,” Study of Alternative Loca-
tions of C oal-Fired Electric Generating Plants to Supply Energy
From Western Coaltothe Department of Water Resources,.
University of California at Los Angeles, Institute of Geophysics
and Planetary Physics and Off ice of E nvironmental Science and
Fngineering, pp 6-45 to 6-53, March 1977
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water. In each of the potential coal slurry
pipeline origin areas except Tennessee, de-
mand projected for the 1985-2000 period ex-
ceeds the legally available supply. In the case
of the Bighorn River in Montana, for example,
the combination of present uses, signed con-
tracts for U.S. Bureau of Reclamation water,
and applications for future appropriations ex-
ceeds the State’'s compact share of the river’s
flow by over 450,000 AF/yr. Demands in the en-
tire Montana portion of the Yellowstone River
Basin (to which the Bighorn is tributary) will
reach the legally available supply by the year
2000.°Similarly, according to some projec-
tions, the area around Gillette would have
(without a slurry pipeline) a deficit of over
100,000 AF/yr by 2000, unless water were im-
ported. °

The significance of these deficits is that a
coal slurry pipeline could use surface water
only at the expense of growth in the existing
and new uses. Ground water could in some
cases reduce the deficit, but not the competi-

*R Neh r ing, B Zyc her, and | Wharton, Coa / Development in
the Northern Great Plains A Preliminary Report, R-1 981 -N SF/RC,
prepared by Rand Corp , for National Science Foundation,
August 1976

‘ Report on Water for Energy in the Northern Great Plains Area
With Emphasis on the Yellowstone River Basin, U S Department
of the Interior, Water for Energy Management Team,January
1975

* Ibid
°The Wyoming Framework Water P/an, State of Wyoming,
State Engineers Office Laramie, Wyo , May 1973

tion. For example, water from parts of the
Madison Formation is chemically suitable for
most municipal, industrial, and agricultural
uses, in addition to coal transportation. Fur-
thermore, assuming it were physically possible
and economical to withdraw enough water to
overcome the projected deficit, withdrawals
would exceed the present estimate of
recharge, so that the consequences of ground-
water mining would have to be considered.

It is impossible to predict which specific
future water uses would be precluded by coal
slurry pipelines. The major types of competing
uses would be energy-related industry and
agriculture. Rather than speculate upon the
myriad of possible futures, “water-u se
equivalents” of a given slurry pipeline demand
were estimated. Table 26 lists the total water-
use equivalents for the four pipelines exam-
ined in the case studies. For example, the
pipeline from Tennessee would consume
about the same amount of water as one to
three coal gasification plants using the Lurgi
process. Similarly, the Montana pipeline would
take enough water to revegetate about 3,000
acres of surface-mined land in the Colstrip
area in 1985. If all the water for the four
pipelines carrying 74.5 mill ion tons of coal per
year were redirected, it could be used to mine
160 to 220 million tons of coal, reclaim 16,000
to 21,000 acres of surface-mined land, serve up
to 10 coal gasification plants or up to 5 coal

Table 26. Water-Use*Equivalents for Hypothetical Pipelines

Montana-
Wyoming- Minnesota/ Tennessee- Utah-
Alternative use Texas Wisconsin Florida California

Coal mining (10°tons/yr). . ............... 60-90 30-40 50-60 30-40
Mine reclamation (10°acres)............. 6-9 3 5 3
Coal gasification’ (plants)

—Lurgi ... 14 0-2 1-3 0-2

—CO,Acceptor . .. ..o 1-4 1-2 1-3 1-2
Coal Liguefaction (plants). . ... .......... 1-2 0-1 1 0-1
Electric power generation (plants). . . .. ... 1-2 0-1 0-1 0-1
Municipal (10°people).................. 65-130 50-60 100-120 20-25

*Net consumptive use for all categories except municipal. °"For 2 years. ¢ 250 million scf/day. “100,000 bbl/day.

°1,000-MWe plant at 35-percent efficiency, 70-percent load factor, wet cooling tower. ‘Based upon projected withdrawal

rates for 1990. Also based on total withdrawal and not net consumptive use.
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liquefaction facilties, or provide cooling for 2
to 4 powerplants. To process 1 ton of coal, an
electric powerplant requires roughly seven
times as much water as a slurry pipeline does,
and about twice as much water is needed to
gasify the same amount of coal, Mining, on the
other hand requires approximately half as
much water per ton of coal as slurry transpor-
tation.

The nature, magnitude,
impacts upon agricultural alternative uses de-
pend entirely upon local conditions. In Ten-
nessee, where only 65 acres are irrigated in the
coal source area, the impacts upon agriculture
would be minimal, Farming is reportedly
marginal in parts of Carbon and Emery coun-
ties in Utah, so that some farmers may be will-
ing to sell their water rights and thus eliminate
some agricultural uses. Alfalfa, hay, and corn
are the main irrigated crops in the Wyoming,
Montana, and Utah source areas. Sugar beets
are fairly important in Montana, as is irrigated
pasture in Utah. Vegetable and fruit crops are
not irrigated to as significant an extent as
grains. Because of the large present use of ir-
rigation water (about 200,000 AF/yr) and the
projected demand for Bighorn River water,
agriculture in the Bighorn River Basin is, of all
the cases studied here, most likely to face a
conflict with other uses, including coal slurry
pipelines,

and probability of

The remainder of this section discusses in
more detail water availability and the impact
upon future water uses for each of the
pipelines.

Water for the Wyoming Pipeline

The hypothetical 35 million-ton-per-year
pipeline from Wyoming would require 12,640
to 19,300 AF/yr of water in Wyoming. Addi-
tional water for emergency replenishment
could be obtained along the pipeline route in
the States of Nebraska, Colorado, Kansas, and
Texas, and local sources would be sufficient.
Flows in surface streams in the Powder River
Basin area are low and irregular and therefore
are not a reliable water source for coal slurry

pipelines. Additionally, the water demands of
the pipeline would exceed the available water
by 1985 if the Little Missouri, Belle
Fourche, and Cheyenne Rivers were relied
upon. The Bighorn River Basin in northcentral
Wyoming is a reasonable source of water sup-
ply for a coal slurry pipeline originating near
Gillette. It is estimated that 1.8 million AF/yr
are now available to Wyoming from the
Bighorn River Basin for new beneficial uses. ’

The Madison Formation was analyzed as a
potential water source because of the pro-
jected future” competition for surface water
and the controversy associated with ground
water sources in Wyoming. The Madison
aquifer consists principally of carbonate rocks
of Mississippian age (about 310- to 345-million
years old) underlying northeastern Wyoming,
southeastern Montana, northwestern
Nebraska, and western North and South
Dakota. Figure 21 shows the outcrops and sub-
surface extent of these rocks. The Madison is
composed chiefly of limestone (CaCO,) and
dolomite (CaMg(CO0,),). Because these car-
bonate rocks are relatively soluble in water,
the development of karst, or solution-cavity
features, is common. ’

The water-bearing and transmitting capabil-
ity of the Madison is highly variable because
of its primary structure, the karst features, and
the filling of the latter. As the Wyoming State
Engineer notes, “No rock differs more radi-
cally with respect to water yield than lime-
stone. Limestone can rank among the most
productive aquifers, or can be as unproductive
as shale.” The Madison’s primary porosity,
i.e., that due to open spaces between car-
bonate grains, appears to be low and to vary
spatially. Dolomite beds seem to be more

¢ bid

"L F Konikow, Preliminary Digital Model of Ground Water
Flowsn the Mad/son Group, Powder River Basin and Adjacent
Areas, Wyoming, Montana, South Dakota, North Dakota, and
Nebraska, U S Geological Survey Water Resource Investigations
63-75, lanuary 1976

*Investigation of Recharge to Ground Water Reservoirs of
Northeastern W yoming{ The Powder River Basin) State of
Wyoming, State E ngineer’s Off Ice, June 1976
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Figure 21 —Outcrops and Subsurface Extent of Madison Limestone and Major Tectonic Features
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porous than limestone beds in this aquifer.
water is stored mainly in and transmitted
through secondary openings such as fractures,
joints, and solution cavities. The occurrence of
these secondary openings is quite variable and
difficult to predict, which may explain the
wide range in yields of water wells drilled into
the Madison. °

Certain structural features greatly influence
the hydrologic characteristics of the Madison.
Several areas of folding and faulting have been

* Leonard Konikow, U S Geological Survey, takewood, Colo,
personalcommunication, Sept 14, 1977

‘L F Konikow, Preliminary Digital Model of Ground Water
Flowsn the Mad/son Group, Powder River Basin and Adjacent
Areas, Wyoming, Montana, South Dakota, North Dakota, and
Nebraska, U S Geological Survey Water Resource Invest igations
63-75, January 1976

300 MILES

300 KILOMETRES

identified, while others have been inferred.
Folding and faulting probably have fractured
the rocks and increased their permeability.”
Faults often also act either as barriers to
lateral movement of ground water or as con-
duits, although the role of faults in the
Madison has not been conclusively deter-
mined. The U.S. Geological Survey is testing a
hypothesis that the Madison is actually several
discontinuous hydrologically isolated aquifers
rather than a single continuous one.

Figure 22 shows the configuration of the top

‘ ‘Plan of Study on the Hydrology of the Mad/son Limestone
and Associated Rocks in Parts of Montana, Nebraska, North
Dakota, South Dakota, and Wyoming, U S Geological Survey,
Open File Report 75-631, Denver, Colo , December 1975

' E liot Cushing, U S Geological Survey, Lakewood, Colo,
personal communication, Aug 22, 1977
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Figure 22-Configuration of the Top of the Madison Group

SOUTH DAKOTA

EXPLANATION

— =it — CONTOUR—
Shows altitude of top of Madison Group. Contour
Interva! 1.000 feet (300 meters). Datum is mean sea level

DATA SITE

u
D FAULT- U upthrown side D downthrown side
./ AREA WHERE MADISON GROUP IS ABSENT

Contours by F A Swenson W R Miller
W G Hodson and F N Visher 1975

Source U S Geological Survey 1976



94 . Coal Slurry Pipelines

of the Madison Group in northeastern Wyo- are shown in figure 23. At its deepest portion,
ming and southeastern Montana; contour lines which appears to be in Converse County, Wyo.,
show the elevation above mean sea level. it is about 10,000 feet below sea level and
Depths to the Madison from the land surface 16,000 feet below the land surface. In the

Figure 23-Depth From Land Surface to the Madison Limestone and
Equivalent Rocks in the Powder River Basin and Adjacent Areas
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Table 27. Selected Data From Madison Formation Wells and Springs, Powder River Basin, Wyo.

Well Penetrated Specific
. Location depth Test Discharge Drawdown thickness capacity
No T R Use® (feet) date(s) (9pm) (feet) (feet®) (gpm/ft)
| 33N 75W  OFW 8,591 1963 510 800 235/250 0.64
2. . 33N 75W 9,337 1951 N D’ ND ND ND
3. 33N 76W  OFW 8,770 1962 75-320 16-92 240/250 3.5-4.7
4. ... 33N 76W In 6,954 1964 195 ND ND ND
5. 33N W In 7,615 1966 65 ND ND ND
6........ 36N 62W T 3,116 1974 104,180 217-386 250/250 0.47,0.48
T, 39N 61W T 2,889 1962 30 36 81/300 0.83
8........ 40N 61N OFW 7,467 1971-2 297-359 274-298 350/350 1.0-1.2
9 40N 61N OFW 5,049 1971-2 491-726 100-133 350/350 4.4-7.1
10:::::::: 40N 61N OFW 4,889 1971-2 4,121-5,599 152-202 214/350 25-31
11........ 40N 61N OFW 4,975 1971-2 1,700-7,200 35-418 281/310 17-49
12........ 40N 61N OFW 4,968 1971-2 482-650 11-25 291/310 26-44
13........ 41 N 84W S 424 1963 15 60 200/200 0.25
14........ 42N 81W 4,246 ND 1,080 ND ND ND
15........ 43N 80W  OFW 9,300 1973 170,315 139,219 340/340 1.2,1.4
16........ 44N 63W u 6,881 1967 250 175 400/400 14
17........ 45N 61W M 2,638 ND 600-1,500 173-462 26/400 3.2-3.6
18........ 45N 61W M 2,872 1966 460 200 400/400 1.4
19. .45N 61W c 2,738 1965 176 18 43/400 15
20. .45N 61W S 2,728 ND 1,200 ND ND ND
21. .45N 61W In 3,073 ND 117 ND ND ND
22. .45N 61W 3,028 1960 650 ND ND ND
23. .45N 61w  OFW 3,596 1960 290 ND ND ND
24, 46N 60W S| 1,178 ND 35 ND ND ND
25. 46N 62W S 2,677 ND 30 ND ND ND
26. ....46N 63W In 2,592 ND 580 ND ND ND
27. ....46N 64W A 7,542 1956(?) 280 80 428/450 3.5
28. ....46N 64W u 5,125 1965,1972 70,308 65,293 450/450 11
29. ....46N 64W  OFW 4,522 ND 30 ND ND ND
30. ....46N 65W  OFW 8,109 1960 425 295 369/450 14
31. ....46N 65W OFW 7,737 1972 225 76 400/450 3.0
32. ....46N 66W OFW 8,780 1972 360 211 390/450 1.7
33. ....47N 60W p 380 ND 8 ND ND ND
34. ....48N 65W M 3,161 1972 210 110 261/500 1.9
35. ....48N 65W M 3,191 1972 155 101 464/500 15
36. ....49N 83w ND Spring 1973 200 N A NA NA
37. ....52N 61W ND Spring 1969 300 NA NA NA
38. ....52N 63W M 1,123 1972 200 74 23/550 2.7
39. ...B3N 65W P 1,341 1962 15-55 1-19 42/600 2.9-15

a Nos. 1-5: Glenrock, 6-12: Northeast NiobraraCounty, 13: Big Horn Mountains, 14-15: Kaycee, 16-24: Newcastle, 5-32: Osage,
33: Black Hills, 34-35: Upton, 36:Johnson County, 37-39: Crook County.

> OFW = oil field waterflood, S = stock watering, U = unused, M =
P = public,T = Test, In = industrial, | = irrigation.

¢ Thickness penetrated by wel I/estimated total thickness of formation.

4 ND = no data, NA = not applicable.

Source: U.S. Geological Survey, 1976.

municipal, C = commercial, A = abandoned,

southeastern Powder River Basin, the Madison
is about 3,000 to 4,000 feet below the land sur-
face. '3 In this area the aquifer is roughly 100-
to 500-feet thick (table 27).

The Madison Limestone and related aquifers

vary widely in physical and geological charac-

" P W Huntoon and T Womack, “Technical Feasibility of the
Proposed Energy Transportation Systems Incorporated Well
Field, Niobrara County, Wyo ,* Contributions to Ceology,
University of Wyoming, Vo! 14, No 1, pp 11-25, 1975
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teristics, and, as a consequence, so does their
ability to store and transmit water. This com-
plexity precludes simple basinwide generaliza-
tions from individual well tests, and also make
it difficult to establish conclusively that a
given observed effect is due to any specific
cause.

The potentiometric surface of an aquifer at
a given location is the level to which nonflow-
ing water would rise in a well at that location.
It is significant because the difference be-
tween the levels of the land and the poten-
tiometric surface is the height to which water
must be pumped to reach the land surface. If
the potentiometric surface is above the land
surface, a well will be free flowing and the rate
of flow proportional to the difference in the
levels. Pumping is necessary when the poten-
tiometric surface is below the land surface and
the amount of pumping power required is
dependent upon the magnitude of the dif-
ference in levels. Figure 24 shows the most re-
cent estimate of the configuration of the
potentiometric surface of the Madison in
northeast Wyoming and southwest Montana.
These data are important in predicting aquifer
activity because the ground water will tend to
flow from areas of higher to areas of lower
potentiometric surface.

Recharge is the process of water addition to
the aquifer. The configuration of the poten-
tiometric surface of the Madison aquifer in-
dicates that the major areas of recharge would
be the Bighorn and Laramie Mountains on the
west and southwest and the Black Hills on the
east. Where exposed, the Madison often con-
tains numerous fractures, joints, and cavities
which may capture percolating water and
thereby localize the recharge effects. The ac-
tual recharge to the Madison in Wyoming has
been estimated at about 75,000 AF/yr.™

In order to estimate future impacts of in-
creased withdrawal of water from the Madison
aquifer, those areas which are presently
withdrawing water from the aquifer have been

14 Investigation of Recharge to Ground Water Reservoirs of
Northeastern Wyoming [ The Powder River Basin), State of
Wyoming, State E ngineer’s Off Ice, June 1976

analyzed. In several eastern Wyoming loca-
tions (Midwest, Newcastle, and Osage) and a
western South Dakota location (Edgemont),
decreases in the potentiometric surface due to
pumping have been observed.”™

Several models are available for interpreting
test-well data and predicting the effects, over
time and over a given area, of pumping water
from the Madison. The predictions of these
models can and have been used to support dif-
fering points of view on the effects of
withdrawals for slurry pipelines. However, all
the models are substantially limited by the
lack of data on the Madison Formation and by
debatable simplifying assumptions. Figures 25
and 26 show the predicted results of the
various models for potentiometric levels at the
four locations for which data is available. (The
specific predictions in the figures are for the
withdrawal of 15,000 AF/yr from the Madison
by a well field in Niobrara County.) The impor-
tant conclusion is that the models probably
represent the range of possibilities and the
actual impact of increased pumping is
somewhere within this range.

It is clear that increased pumping in a con-
centrated area on or near the periphery of the
Powder River Basin is likely to have a
measurable effect upon the potentiometric
surface at distances up to 10 or 20 miles. The
decrease will cause some wells to flow at lower
pressures while greater pumping will be need-
ed to maintain flows in other wells.

Water quality in the Madison varies from
place to place. Some wells yield water which
exceeds U.S. Public Health Service drinking
water standards, and for example, Edgemont,
S. Dak. uses the aquifer as a municipal water
supply. In eastern Wyoming and southwestern
Nebraska water from some other wells,

“P/an of Study on the Hydrology of the Madison Limestone
and Associated Rocks in Parts of Montana, Nebraska, North
Dakota, South Dakota, and Wyoming, U S Geological Survey,
Open File Report 75-631, Denver, Colo , December 1975

'* F A Swenson, W R Miller, et al , Maps Showing Configura-
tron and Thickness and Potentiometric Surface and Water Quality
in the Madison Group, Powder River Basin, Wyoming and Mon-
tana, U S Geological Survey, Miscellaneous Invest igations
Series, Map 1-847-C (1 1,000,000), Reston, Va , 1976
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Figure 24— Potentiometric Surface of the Madison in Eastern Wyoming,
Southeastern Montana, and Western South Dakota
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Figure 25—Potential Drawdown of Potentiometric Surface Near Edgemont
and Provo, S. Dak., Due t015.000 Acre-Feet per Year Withdrawal From the Madison Formation
“in Niobrara County, Wyo., According to Different Models
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although not always suitable for drinking, can
be used for stock watering and irrigation.

Present Wyoming uses of Madison aquifer
water amount to about 25,400 AF/yr, approx-
imately 80 percent of which is for industrial
uses such as secondary oil recovery, oil refin-
ing, and electric powerplant cooling (see tables
28 and 29). About 3,600 to 3,800 AF/yr are used
in Montana for secondary oil recovery and
coal mining operations. 'Annual discharges
are about 1,800 AF/yr each for municipal sup-

“"Ibid

fault)

ply at Rapid City and Edgemont, S. Dak.”The
total present withdrawal-from the Madison is
about 32,000 AF/yr.

Positing present levels for existing uses of
the water in the Bighorn River Basin and the
Madison Formation, there is sufficient
unallocated water to supply the maximum
levels of the hypothesized coal slurry pipeline.

* | F Konikow, Preliminary Digital Model of Ground Water
Flowsinthe Madison Group, Powder RiverBasin and Adjacent
Areas, Wyoming, Montana, South Dakota, North Dakota, and
Nebraska, U SGeological Survey Water Resource Investigations
62-75, January 1976
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Figure 26—Potential Drawdown of Potentiometric Surface Near Newcastle
and Osage, Wyo., Due to 15,000 Acre. Feet per Year Withdrawal From the Madison Formation
in Niobrara County, Wyo, According to Different Models
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The uncertainty arises when future coal slurry
pipeline water use is contrasted with future
alternative water uses. Future alternative
energy uses include present municipal and
agricultural uses plus projected increased
municipal, agricultural, industrial, and energy-
related uses.

If all projected future alternative uses
materialize, a water deficit would require im-
portation of surface water before 2000, prob-
ably through aqueducts or increased ground
water supply as through pumping the Madison
aquifer. If water is imported by aqueducts

Osage

—— i ——— - ) | and Surface

Potentiometric Surface
USGS (leaky)

USGS (non-leaky)

Huntoon and Womack
(recharge)

— s s s e e )

Top of Madison

Huntoon and Womack
(no effect from fault)

from the Bighorn River Basin to the Powder

River Basin: the surplus from the Bighorn
would be sufficient to permit all projected
growth to 2000. By 2000, however, Bighorn

River surplus would be
crease in ground water withdrawals could off-
set, to an unknown extent, the projected
deficits.

inadequate. An in-

It is impossible to identify the specific
beneficial uses which would compete with
coal slurry pipelines in the face of future

deficits.
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Table 28. Estimated Water Obtained
From Madison Wells

1973 Maximum Minimum
withdrawal (year) (year)
acre-feet acre-feet acre-feet
Wyoming
Converse County. 540 1,651(1970) 410(1962
Crook County. . . . 187 187(1973) 5(1963)

Johnson County. . 2,116 4,345(1968) 2,100(1961)

Natrona County . . 15,542 20,103(1971) 100(1954)
Niobrara County. . 0 7(1964) 4(1966)
Sheridan County . 152 300(1933) 125(1967)

Weston County . .
Total Wyoming

6,904 6,904(1973) 1,290(1942)

(2973)......... 25,441
Montanaa . .. .... 3,620
South Dakota’. . . 3,620

Total (1973). . .. 32,681

aKonikow, L. F., Preliminary Digital Model of Ground Water
Flows in the Madison Group, Powder River Basin and Adjacent
Areas, Wyoming, Montana, South Dakota, North Dakota, and
Nebraska, U.S. Geological Survey Water Resource Investigations
63-75, January 1976,

Source: State of Wyoming, State Engineer's Office, /nvestiga-
tion of Recharge to Ground Water Reservoirs of Northeastern
Wyoming (The Powder River Basin) (June 1976), unless otherwise
noted.

Table 29. Uses of Madison Ground Water
in Wyoming, 1973

Acre-feet
Use withdrawn
Municipal . ........ ... ... . 3,258
Domestic, commercial, stock, fish,
andirrigation . .............. ... ... 1,558
Industrial . .......... .. ... .. .. ... . ... 20,595
Total . ... 25,441

Source: State of Wyoming, State Engineer’'s Office,
1976.

Water for the Montana Pipeline

The coal source for the pipeline from Mon-
tana would be Colstrip, Mont. Flows in the sur-
face streams in the immediate area are too
unreliable to supply water for coal slurry
pipelines, which will require 6,300 to 7,600
AF/yr. The U.S. Bureau of Reclamation has sug-
gested the use of an aqueduct to divert water

from the Bighorn River. Such a diversion
could provide about 209,000 AF/yr (see figure
27). However, Montana law may preclude use
of such water for coal slurry pipelines,
however, inasmuch as such use to transport
coal out of State has been deemed by statute
not to be a beneficial use.

By the terms of the Yellowstone River Com-
pact, Montana’s share of the Bighorn River’'s
flow averages about 400,000 AF/yr. Although
present uses of this water account for only
about half this amount, projected future
demands exceed supply by the year 2000.
Table 30 shows that present unexercised in-
dustrial options (rights to purchase water,
usually from existing or proposed storage
facilities, for a given time) and applications ex-
ceed Montana’s share of the Bighorn River.
Pipelines will have to compete with alternative
water uses for water.

Table 30. Water Supply and Demand,
Bighorn River Basin, Mont.

Water
guantity

Use category AF/yr

Present agriculture . . . ............. 200,700
Industrial options®. . ............... 228,000
Additional applications. . . .......... 422,000
Total projected demand'........ 850,700
Montana'’s share of Bighorn . . ....... 400,000
Projected deficit. . . . ........... 450,700

*Not exercised as of January 1975.

*Does not include municipal use or reservoir evapora-
tion.

Source: U.S. Department of the Interior, Water for
Energy Management Team (January 1975).

Water for the Tennessee Pipeline

The hypothetical coal slurry pipeline has its
source near Tracy City, Term. The pipeline
would require 10,300 to 12,100 AF/yr. The loca-
tion of this pipeline source is on a divide strad-
dling three drainage systems. To supply a coal
slurry pipeline, water must either be brought

' Appraisal Report on Montana-Wyoming Aqueducts, US
Bureau of Reclamation, Denver, Colo , April 1972
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Figure 27— Proposed Aqueducts, Bighorn River to Colstrip
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uphill to the coal or the coal must be conveyed
to a reliable water source. Ample water is
available in the Tennessee River and could be
withdrawn downstream from Nickajack Lake,
a nearby reservoir, and pumped about 1,300
feet up to Tracy City. Ground water supply is
not a feasible alternative in southeast Ten-
nessee.

Given the large flows in the Tennessee River
(average 2.56 x 10"AF/yr) withdrawal of up to
12,000 AF/yr by several coal slurry pipelines
would not be expected to have any significant
impact upon stream water quality. The
primary current consumptive uses of water in
the Tracy City area are municipal and do not
present apparent conflict with future alter-
native water uses, including pipelines.

Water for the Utah Pipeline

The hypothetical coal slurry pipeline from
Utah would transport coal from any of the
seams in the Book Cliffs or Wasatch Plateau in
east-central Utah. Water requirements for the
hypothetical route would be 6,390 to 7,150
AF/yr. In addition to the water necessary for
the slurry, water may be required for revegeta-
tion of the pipeline right-of-way. Water for
revegetation, however, must be supplied at
locations along the route, not just at the
pipeline source,

Coal in this area is mined in rugged terrain
characterized by high escarpments and narrow
ravines. If the slurry preparation plant were at
a mine site, water would have to be pumped
through elevation gains of up to 1,000 feet.
The alternative would be to deliver coal by
train, truck, or conveyor to the base of the
cliffs. The Green River at Green River City has
an average discharge of 4.614 million AF/yr,
and the minimum flow between 1894 and 1970
was 184.6 thousand AF/yr.* The Price River at
Woodside, Utah (22 miles upstream from the
confluence with the Green) has an average
discharge of 74,620 AF/yr.”Physical supply of

29 Surface W ater Supply of the United States, ! 966-1970, Part 9,
Colorado River Basin, Vol 2, Colorado River Basin from Green
Riverto Compact Point,U S Geological Survey, Water-Supply
Paper 2125, 1971

2 bid

water for use in a slurry pipeline is ample. The
Green River, because of its greater flow, is the
most likely water source for this route. The
Navajo sandstone aquifer underlies this area,
but local data on yields are very limited, and it
is not considered here as an alternative source.

The chief limitation upon water use for coal
slurry pipelines in Utah appears to be institu-
tional. The Green River joins the Colorado
River about 50 air miles south of the town of
Green River, and the Price is a tributary of the
Green River. Any use of surface water (and cer-
tain ground water sources) in eastern Utah
must be considered in the context of Utah’'s
participation in the Colorado River Compact,
whereunder the Lower Colorado River Basin
must receive 75 million acrefeet of Colorado
River water over any 10-year period; the Upper
Basin’s annual share is thus the total flow
minus 7.5 million acre-feet. By further agree-
ment among the Upper Basin States, Utah is
entitled to 23 percent of whatever the Upper
Basin has left after deliveries to the Lower
Basin .* The State's annual allotment is about
1.2 to 1.4 million AF/yr.

Additionally, in Utah, all water belongs to
the public and may be appropriated for
beneficial use.” For an application to be ap-
proved there must be unappropriated water,
the diversion plan must be physically and
financially feasible, and the appropriation
must not be speculative. Whether water use
for a coal slurry pipeline meets these re-
guirements must be determined by the State
engineer, under guidelines from the Utah
Board of Water Resources.

It is questionable whether the transfer of

u ¢ D Weatherford, “Legal Institutional Assessment of the
Water Allocation Prioritiesin the Colorado River Basin, " Utah
Coal for Southern California Energy Consumption, P C Grew, M
Simmons, and B Sokolow (Eds ), University of California at Los
Angeles, Department of E nvironmental Science and E ngineering,
Report 76-19, pp 3-1 to 3-23, 1976

2iR p,t.h, |Wegner, et al , “Utah Water Law, " Study of
A lternative Locations of Coal-Fired Electric Generating Plantsto
Supply Energy From Western Coal to the Department of Water
Resources, University of California at Los Angeles, Institute of
Geophysics and Planetary Physics and Off Ice of Environmental
Science and Engineering, pp 6-109 to 6-120, March 1977
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Utah water to another State is legal.*25 Such
a transfer may be possible if the receiving
State reciprocates. Transport of water from
Utah to California would constitute transfer
from the Upper Colorado River Basin to the
Lower Basin and must be compatible with the
Colorado River Compact. In the final analysis,
the hypothetical coal slurry pipeline would
compete with other future alternative water
uses, many of them energy related, for a
limited water supply.

Alternative Water Supply Sources

Given the relative scarcity of water in some
potential coal slurry pipeline origins, it has
been suggested that pipelines use water less
suitable for other beneficial uses. *“ Saline
water is defined as water having a TDS (total
dissolved solids) concentration exceeding
1,000 miligrams per liter (mg/1).A number of
saline western ground water sources, including
parts of the Madison Limestone, have been
identified 28 For example, water with a TDS
concentration exceeding about 1,300 (mg/l is
not useful for crop irrigation, Although water
with high concentrations of TDS or other con-
stituents may require treatment by the user, it
can liberate fresh water at the pipeline source
for other uses, In addition, diversion of highly
saline waters from tributary streams could
help meet downstream salinity reduction
goals. It has also been suggested that primary
sewage treatment effluent be used as the coal
slurry carrier medium. 29 30 Irrigation return

“W Gertsch U S Energy Research and Development Ad-
ministration ldaho Operations Office, Idaho Falls, idaho, per-
sonal communication, July 19, 1977

spaydiverett, USBureauof Land Management, C edarCity
District Ottic e, Cedar City, Utah, personal communication,| uly
11, 1977

) K Rice, J M Evans, and M Warner, Environmental Con-
siderations ot the Use of Saline W ater in Cod /S/urry Pipelines

‘") a me\ Lam bert, U SBureau ot Land Management,
Cheyenne, Wvo, personal communication, Aug 21, 1977

‘* National Energy Transportation, Vol 1, Current Systems and
Movements, Congressional Research Serv ice, May 1977

9 A CBuc k, "Negligible Environmentalimpac t of Coal Slurry
Pipelines* Proceedings ot the .2nd International Technical Con
ference on SlurryviransportationlasVegas N ev, pp 81-87, Mar
24, 1977

] w Moore, Statement before U S House ot Represen-
tat ives Committee on Interior and Insul ar Aft airs, S ubcom-
mitteeonindianAftairsandPublicLand s—MinesandMining
Chevenne, Wvo , June 9, 1977

flows are another possible water source. Final-
ly, recovered slurry water could be recycled in
the coal slurry pipeline.

End uses of the recovered slurry water may
affect the feasiblity of using saline water or
water with high TDS. Use as evaporative cool-
ing tower makeup or direct discharge to
streams would require treatment of the
recovered slurry water, although conventional
lime and soda ash softening followed by ion
exchange resin treatment may suffice. ™

Primary sewage treatment effluent also has
high TDS, as well as considerable organic
material, bacteria, and other contaminants.
Secondary treatment effluent, which is con-
siderably more amenable to reuse, was used in
1973 in nine powerplant cooling systems, 32 and
has been proposed for at least one more, and
has been suggested for use in pipelines. An im-
portant question is whether local communities
in coal-producing areas can generate enough
sewage effluent to supply a coal slurry pipe-
line. For example, all the community domestic
wastewater treatment facilities in the two
counties near the origin of the hypothetical
Utah slurry pipeline, produce a combined total
of 3.4 million gallons per day of effluent, or
about 3,850 AF/yr.* If this could all be col-
lected, it would still be insufficient except as a
supplementary supply. Advantages of using
sewage effluent are that a reliable minimum
daily flow is obtainable in areas of water short-
age, and such use decreases the need for con-
struct ion of sewage treatment facilities.

"'"G K Malik, Associate Plant E ngineer, Mohave Generating
Station, Nev , personal communication, July 12, 1977

"t Goldman and P JKelleher, ‘Water Reusein Fossil Fueled
Power Stations, " Complete W ater ReuseIndustrys Opportunity,
L K Cecil (Ed ), American Institute of Chemical Engineers, pp
240-249, 1973

'''C L Weddle and A C Rogers, Water ReclamationProcess
Evaluation for the Arizona Nuclear Power Project presented at
the American Institute of Chemical E ngineers Water Reuse Con
ference, Chic ago, Il , May 4-8, 1975

“L JMeyers, R D M 1llar, and R ET urley “Water Challenges
1nCarmon andEmery Count 1es, Impact of fnergy Development
on Utah Water Resources, Proceedings ot the 3rd Annual Con-
ference oftthe utah Section of the American W ater Resources
As sociation, pp 97-1 31, Feb 20, 1975
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A final alternative water source is recycling
and reuse of the recovered coal slurry pipeline

wastewater. The major disadvantage of this
alternative is the added cost of a return
pipeline. The advantage is that water re-

quirements would be substantially decreased.
The extent of water savings is dependent upon
the moisture content of the coal, as well as the
efficiency of the dewatering process, and
typically about two-thirds of the water could
be recycled.

If saline water were to be used in a coal
slurry pipeline, the main problem for the
system itself would be increased corrosivity in
the presence of high-dissolved solids concen-
trations. Increased use of corrosion inhibitors
may be required. Suspension of finely divided
coal in water with high sodium concentrations
may cause, through an ion exchange, an in-
crease in sodium bound to the coal surface,
resulting in fouling problems when the coal is
burned .35 A mitigating measure could be to
wash the coal with low-TDS or acidified water.

Coal-Water Interactions and Corrosion

Possible chemical interactions between coal
and the carrier medium are important because
of possible adverse environmental impacts
from: 1) a slurry spill or pipeline rupture; 2)
slurry dewatering process and water reuse or
waste water disposal; and 3) alteration of com-
bustion characteristics of the end-product
coal. Nonetheless, very little is known about
coal-water interactions.

Coal, a combustible solid formed from
decomposed vegetation, has a wide variety of
physical and chemical properties. The chief
elements in coal are carbon, hydrogen, and ox-
ygen, with smaller amounts of nitrogen, sulfur,
and a large number of trace elements. Oxygen

content ranges from about 1.5 percent by
weight in anthracite to about 30 percent in
lignite, The higher the oxygen content the

more chemically reactive the coal.

“] K Rice, J M Evans, and M Warner, Environmental Con-
siderations of the Use of Saline Water inCoal Slurry Pipelines

Coal in slurry form has a large surface area
in contact with the water. For example, if each
coal particle is assumed to be spherical and
completely surrounded by water, then given
the particle size distribution of the existing
Black Mesa pipeline*the contact area, or
possible reactive surface, for one contract ton
of coal is about 220,000 square meters, or
about 55 acres. Thus, because of the variety of
reactive compounds in coal, the large reactive
surface, and the long residence time (about 13
days for a 1,1 70-mile pipeline), coal-water in-
teractions could be substantial.

Although considerable evidence is available
concerning what materials will be leached
from coal by water in the presence of air,
almost none exists for the anaerobic condi-
tions that will be encountered in a pipeline.
The reactions involved in the well-known acid-
mine drainage phenomenon, for example, re-
quire oxygen. Oxygen will be present in a slurry
pipeline system only where the slurry is
prepared and first introduced into the pipe.

In summary, as long as the slurry water is ox-
ygenated for at least the initial part of the
journey, it is likely that some constituents will
be transferred from the solid to the liquid
phase. The extent of leaching will depend
upon the initial pH, the presence of potentially
leachable species in the feed water, and the
tendency of dissolved ions to precipitate at
slurry temperature and pH. Coal composition
is also critical. Before firm conclusions on
chemical reactions in a real slurry may be
drawn, information on leaching under
anaerobic conditions is necessary.

Corrosion and corrosion inhibitors may af-
fect slurry wastewater quality. In general, cor-
rosivity (the corrosion rate) increases with in-
creasing temperature, dissolved ionic strength,
and decreasing pH. These factors can be
directly affected by coal surface interactions.

Chemical additives are known to be effec-
tive in minimizing corrosion. If corrosion in-
hibitors are not used, an appreciable amount

16 MLDina,Operating Experience at the 1580-M W CoalSlurry
Fired Generating Station, presented at the International Con-

ference on Slurry Transportation at Battelle Memorial Institute,
Columbus, Ohio, Feb 3, 1976
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of iron will enter the slurry, but apparently
only a small amount of iron will remain in solu-
tion. One corrosion inhibitor, hexavalent
chromium, could pose environmental prob-
lems in the event of a spill. Wildlife drinking
the spilled slurry wastewater with the corro-
sion inhibitor could be poisoned. 37

Slurry Water Reuse and Impacts

At the receiving end of a coal slurry pipeline,
the slurry may be dewatered by several means

(either alone or in combination): centrifuga-
tion, chemical flocculation, *vacuum filtra-
tion, ** or heating. Slurry dewatering yields are

variable, but calculations based on figures
reported by one plant”indicate that 64 per-
cent of the slurry carrier medium is available
for reuse.

7 G K. Malhk, Associate Plant Engineer, Mohave Generating
Station, Nev_, personal communication, July 12,1977

M L Dina, Operating Experience at the 1580-MW Coal Slurry
Fired Generating Station, presented at the International Con-
ference on Slurry Transportation at Battelle Memorial Institute,
Columbus, Ohio, Feb 3,1976

' Proposal for a Coal Slurry Transportation System by Houston
Natural Gas Corporation and Rio Grande Industries. Inc. Houston
Natural Gas Corporation, undated

“M L Dina, Operating Experience at the 1580-MW Coal Siurry
fired Generating Station, presented at the International con-
ference on Slurry Transportation at Battelle Memorial Institute,
Columbus, Ohio, Feb 3, 1976

The ultimate use of the recovered water
depends upon its chemical quality at the point
where it leaves the slurry system and the
technical and economic feasibility of treating
it to permit alternative reuses. The three major
potential reuses are: makeup water for a
powerplant cooling system, discharge to sur-
face waters, and agricultural irrigation.

Table 31 lists the effluent requirements
which recycled coal slurry water must meet in
order to be discharged into a water of the
United States from a steam powerplant, the
most likely end point of slurry pipeline. The ef-
fect of contaminants in recovered slurry water
upon compliance with water quality standards
is difficult to assess, because in most cases the
recovered slurry water will be given more treat-
ment or mixed with other water streams within
the plant. Prior to discharge, the powerplant or
other coal slurry pipeline terminus would be
required to obtain a discharge permit under
the National Pollution Discharge Elimination
System of the Federal Water Pollution Control
Act of 1972, administered by the Environmen-
tal Protection Agency (EPA). Also, some of the
65 priority pollutants identified under the set-
tlement agreement in National Resources
Defense Council vs Train include trace
materials present in coal.

Table 31. EPA Discharge Standards for New Sources,
Steam Electric Power Generating Point Source Category

Maximum average

Maximum for for 30 consecutive

Effluence characteristic Source any one day days

PH . . All except once-through cooling 6.0-9.0

Total suspended solids. . . ........ Low-volume wastes® 100 mg/I 30 mg/l
Bottom ash transport 100 mg/l 30 mg/l
Boiler blowdown 100 mg/l 30 mg/l
Fly ash transport Zero discharge

Total copper. .. ................. Boiler blowdown 1.0 mg/l 1.0mg/I

Totaliron . .. ..o Boiler blowdown 1.0 mg/l 1.0 mg/l

Corrosion inhibitors . . . ... ... ... Cooling tower blowdown No detectable amount

*Wastewaters from wet scrubbers,
system, etc.
*Mass discharge limit is 0.05 x flow x values in table.

ion exchange water treatment,

blowdown from recirculating house service water

¢ Include, but are not limited to, zinc, chromium, and phosphorus.
Source: 39 C.F.R. 36186,40 C.F.R. 7095,23987, and 42 C.F.R. 15690.
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The second alternative end use—direct
discharge to surface streams—might be con-
sidered if the water from the slurry were not
used after dewatering at the destination
powerplant, or if the plant used once-through
cooling. A discharge permit would be required
in this case as well. No standards currently ex-
ist for slurry discharge so “engineering judg-
ment” as to best available technology would

apply.

as to best available technology would apply.

The only significant problem with the third
alternative slurry end use — agricultural
irrigation — is the high levels of TDS (400 to
1,100 mg/1 ) in slurry water. Dilution with better
quality local water could reduce the TDS
levels sufficiently to permit agricultural uses.

COMMUNITY DISRUPTION BY RAILROADS

The major environmental impact of in-
creased unit train operation will be the impact
upon the daily lives of the people of the com-
munities through which the unit trains will
pass. Many towns, especially in the West, have
been built around and because of the rail-
roads. Railroad rights-of-way often divide ma-
jor portions of towns. The impact of increased
unit train operations will be to increase the
volume of traffic on certain routes, and
perhaps this increase will reach a point where
it disrupts the transportation, land use, and
social patterns of the residents. The impacts
are not environmental in the strict, traditional
sense. They are instead social impacts — affect-
ing the lifestyles of people.

Virtually all the train-related environmental
impacts discussed elsewhere in this chapter
have a social and psychological component.
Social components of the impacts cannot be
readily quantified largely because of the
variability of human response. Nonetheless,
the possibility and variability of human reac-
tions must be noted. For example, 26,000 addi-
tional people living between Gillette, Wyo.,
and Houston, Tex., would be exposed to noise
levels exceeding EPA recommended standards
as a result of 17 million tons per year of in-
creased coal traffic along the hypothetical
route. If train noise makes an impacted area
less desirable, then the people affected will
either move or adjust their lives to the noise.
Increased train traffic could alter commuting
patterns. People may have to leave home
earlier every day to compensate for possible

delays caused by trains on their trip to work.
The main point here is that thousands of peo-
ple will each be affected in a relatively small
way.

One immediate measurable aspect of the
disruption is rail-highway grade crossing ac-
cidents. In the period 1965-74, an annual U.S.
average of 21,000 rail-related accidents oc-
curred, of which 5,000, or 24 percent, occurred
at rail-highway grade crossings. In attempting
to determine whether such accidents will in-
crease with an increased volume of unit train
operations, simple assumptions are inap-
plicable. Accident rates are a function of type
of crossing protection, numbers of tracks,
numbers of trains and vehicles per day, urban
or rural setting, and time of day. It is clear
from analysis of 3,870 grade crossings in 21
States that increased unit train operation
would result in increased accidents. The in-
crease is not in direct proportion to the in-
crease in train volume. A 74.5 million tons per
year increase in coal traffic could result in 8
deaths and 30 injuries above present levels if
the case assumptions are correct (see table 32).
For example, in one hypothetical case, a 90-
percent increase in train traffic will yield a 21-
percent increase in deaths and injuries. These
accident rates would be reduced by the in-
stallation of any traffic protection im-
provements.

The frustration or inconvenience to the local
community and accidents indirectly related to
increased train volume are not readily quan-
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Table 32. Predicted Annual Injuries and Deaths Based on Present
and Hypothetical Train Traffic Levels

Rail traffic Incremental
Present with hypothetical impact of
rail traffic added tonnage added tonnage No. of Coal tonnage
Route Deaths Injuries Deaths Injuries Deaths Injuries crossings (10°tons/Yr)
Gillette-Dal lab. . . . ... ....... 6.0 23.1 8.1 311 2.1 8.0 659 18
Gillette-Houston . . . . ... .. .. 10.9 42.8 13.2 51.9 2.3 9.1 1,393 17
Colstrip-Becker/Portage . . . . . 8.6 33.1 9.4 36.6 0.8 3.5 695 135
Tracy City-Waycross . . . ... .. 6.0 23.6 6.5 25.2 0.5 1.6 480 16
Waycross-Tampa . . . . ... .... 1.3 5.1 1.6 6.4 0.3 1.3 190 8
Waycross-Ft. Lauderdale . . . . 4.1 15.9 54 20.9 1.3 5.0 281 8
Price-Barstow . . . . . . .. .. .. .. 15 57 1.8 7.1 0.5 2.3 172 10
Total .. ............... 38.0 149.0 46.0 179.0 8.0 31.0 3,870 74.5

Source: Science Applications, Inc.

Table 33. Annual Added Vehicle Operation Costs (1974 Dollars) and Travel Time
Due To Increased Coal Train Traffic

Vehicle oper- Traveler
ation costs ($) time costs ($) Total ($) Time stopped (hrs.)
Movement Ti T2 T1 T2T1 T2 T2-T1T1 T2 T2-T1
Gillette to Dallas . . . .. .. .. 3,160 3,532 2,184 4,489 5,344 8,021 2,677 347 1366 1,019
Gillette to Houston . . . . . .. 3,639 4,023 3,024 5,288 6,663 9,311 2,648 647 1,693 1,046
Colstrip to Becker. . . ... .. 1,879 2,028 2,112 3,013 3,991 5,041 1,050 602 983 381
Colstrip to Portage. . . ... ... Cannot distinguish between Tiand T2.........
Tracy City to Waycross. . . . 2,707 2,832 3,108 3,589 5,815 6,458 643 898 1,225 327
Waycross to Tampa . . . . .. 526 542 423 467 949 1,009 60 86 104 18
Waycross to Ft. Lauderdale 4,169 4,297 5,078 5,440 9,247 9,737 490 1,456 1,820 364
Price to Barstow . . . ... ... 650, 691 583 800 1,233 1491 258 137 225 88
Totals . ............. 7,826 3,243
T1— Present rail traffic In trains per day. T2— Rail traffic with hypothetical added tonnage in trains per day.

Source: Science Applications, Inc.

tifiable. Stopping and waiting for trains to pass Mitigation of increased railroad-highway ac-
through railroad crossings results in additional cidents and traffic delays requires costly grade
vehicle operation and travel-time costs. separations. Cost aside, grade separations are

Assuming present train and highway traffic an important alternative for vehicular traffic
plus the added coal trains considered in the at railroad crossings, although other types of
four case studies, the estimated added costs disruption may not be easily mitigated.

were calculated. As shown in table 33, the coal

unit trains would impose estimated added an- Increased train traffic in communities that
nual delays of 3,243 vehicle hours if no new are divided by railroad tracks without grade
grade crossings are built. The precise amount separations could vyield unquantifiable prob-

of time and cost borne by any one person or lems. For example, emergency fire, medical, or
community cannot be accurately calculated, police vehicles may occasionally be tempo-
but spread across miles of track individual rarily delayed in reaching emergency situa-

delays and costs should be relatively minor. tions. Grade separations should therefore be
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considered where this type of problem is
sign if i cant.

Increased rail traffic could cause problems
in rural areas where the land is primarily used
in ranching and farming. Either “sheep-tight”
fences, designed to reduce hazards to free-
ranging animals, or frequent train traffic will
prevent ranchers from crossing railroad tracks
with their herds. Increased unit train traffic,
additional fencing, or new rail construction
could make this problem worse. On the other
hand, cattle passes are built in new rail lines,
and old lines often parallel highways, which
block the passage of cattle independently of
rail activity.

Another impact of increased train traffic
with social and psychological implications for
the affected community is noise. The main
noise sources in unit train operations are the
locomotives’ diesel-electric motors, the in-
teraction between wheels and rails, and the
vibrations of hopper cars.*Maximum train
sound levels range between 80 and 100
decibels (dBA) at a distance of 50 feet,”but
the perception of sound is very subjective and
subject to reduction by land forms, thick

4.1 M Fath, D S Blomquist, et al , Measurement of Railroad
Noise — Line Operation and Retarders, National Bureau of Stand-
ards (NT | S COM-75-10088), 1974

“* |bid

vegetation, and densely packed housing or
buildings. The day-night average sound level
(L,), which is a noise exposure measure
weighted more heavily for nighttime than for
daytime, increases with increasing numbers of
rail line haul operations. Table 34 identifies the
human effects of various EPA recommended
noise levels outdoors in residential areas and
on farms. The Environmental Protection Agen-
cy has judged the level of 55 dBA to be the
maximum allowable L, which protects public
health and welfare, with an adequate margin
of safety.

Guidelines for community noise exposure,
based on the L,, were available, so the
population potentially exposed to noise levels
exceeding the standard was estimated as
shown in table 35. In short, the noise impact
for each hypothetical railroad route depended
upon two factors: 1 ) the predicted increase in
the number of railroad line-haul operations
due to heavier coal traffic, and 2) the popula-
tion densities along the proposed routes.
Although the increased number of people
likely to be subjected to levels above 55 dBA
can only be roughly estimated, it is clear that
the number will increase.

The impact upon the lives of the affected
people of the increased exposure is impossible
to assess because noise impacts depend heav-

Table 34. Summary of Noise Levels Identified by EPA as Requisite to Protect
Public Health and Welfare with an Adequate Margin of Safety

Effect protected Recommended
against noise level Area
Hearing loss Legrza)® 70 dBA All areas
Outdoor activity L,, 55dBA Outdoors in residential areas and farms and other
interference and outdoor areas where people spend widely varying
annoyance amounts of time and other places in which quiet is a
basis for use.
Legiz4) D5 dBA Outdoor areas where people spend limited amounts of
time, such as schoolyards, playgrounds, etc.
Indoor activity L,., 45dBA Indoor residential areas
interference and Legay 45dBA Other indoor areas with human activities

annoyance

such as schools, etc.

3Lgq is the constant A-weighted sound level which conveys an equivalent amount of sound energy as does an A-weighted
time-varying sound over a given time period. LE?(E’,A) is the Leq Of @ 24-hour period.

Source: Adapted from U.S. Environmental

otection Agency, NTIS:PB 239429(1974).
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Table 35. Population Exposed to Noise Levels Exceeding EPA
Community Noise Guidelines Along Case Study Routes

Total trains per day

Percent
Route 10 25 50 90 Ta Ta increase
Gillette-Dallas .. ............. 67,800 111,000 164,900 220,600 58,000 88,000 52
Gillette-Houston °............. 70,300 115,000 170,800 228,600 78,000 104,000 33
Colstrip-Becker “.............. 30,900 50,500 75,000 100,300 45,000 53,000 18
Becker-Portage *. . ............ 21,300 34,900 51,800 69,400 32,500 34,000 5
Tracy City-Waycross'.......... 29,700 48,600 72,200 96,600 50,000 63,000 26
Waycross-Tampa °............ 11,100 18,200 27,100 36,200 10,500 14,500 38
Waycross-Ft. Lauderdale”. . . . .. 28,300 46,300 68,700 92,000 44,000 51,000 16
Price-Barstool. . . ............. 16,800 27,400 40,700 54,500 19,000 22,500 18

aT, is the current number of trains per day as it appears in grade-crossing inventory data. T: =T, plus the projected in-

crease in coal trains per day.
respect ively.
tAverage T,and Tz are 20.7 and 35.3, respectively.
and Tz are 22.4 and 29.7, respectively.
Source: Science Applications, Inc.

ily upon subjective factors which vary from in-

dividual to individual. Among the factors
which will influence individual perception of
impact are:

* Length and speed of the train;

« Time of day noise occurs (this is taken
into account in estimating the L, value);

* Whether windows are opened or closed;

* Background noise level when trains are
not present;

* Presence of particularly disturbing or
pleasing sound frequencies, i.e., some
people may enjoy the sound of a train
horn in the night, while others may dislike
it;

* History of prior exposure to train noise;
and

bAverage T.andT: are 7.2 and 16.6, respectively.
dAverage T, and T. are 19.6 and 26.6, respectively.
gAverage T, and T, are 9.1 and 16.4, respectively.
'AverageTiand T: are 12.6 and 15.9, respectively.

CAverageT:and T. are 11.4 and 2038,
eAverage T.and T. are 21.6 and 23.4, respectively.

‘Average Ti

ple impacted by train noise, the effect would
be greatest in urban areas. Background noise
and noise tolerance may well be highest in
these areas however, thereby minimizing the

subjective response to the increased train
noise,
Careful planning now can help to avoid

some of the serious negative impacts of in-
creased traffic. Rapidly developing com-
munities should plan urban growth to avoid
community division by railroad tracks. Rail
traffic should be routed around densely
populated areas, and where new tracks are
being laid, they should whenever possible by-
pass extant communities. Areas along railroad
rights-of-way can be zoned nonresidential so
as to minimize the noise impact of increased

. Historv of . . | rail traffic, Where warranted, grade separa-
y noise exposure In general. tions can be  built or tracks otherwise
For example, n terms of total number of peo- relocated.
CONSTRUCTION IMPACTS

With the exception of the previously
enumerated water requirements for coal slurry
pipelines and the peculiar community impacts
of railroad unit train  operations, the en-
vironmental impacts of construction and
operation of coal slurry pipelines and railroads

are comparable in many respects. Most of the
railroad lines which will be utilized by coal
unit trains are already in existence, and im-
pacts from new track construction will
therefore not be as extensive as impacts from
coal slurry pipeline construction. This section
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the environmental impacts of
pipeline and new railroad construction ac-
tivities. Some impacts, noise from construction
equipment, for example, will occur only during
actual construction, whereas other impacts,
like destruction of vegetation, will require a
few years to rectify. In most locations, con-
struction impacts for coal slurry pipelines and
new railroad construction are relatively minor.
In arid and biologically sensitive areas,
however, construction impacts are magnified.
Fortunately, by careful advance planning,
most particularly sensitive locations—
marshes, ponds, refuge areas, etc., can be
avoided by route alterations. When these loca-
tions cannot be bypassed, adverse biological
impacts can be mitigated by performing con-
struction activities during the biologically
least sensitive time of the year. The adverse
impacts of construction on rare, threatened, or
endangered species must be minimized, if not
avoided entirely. *

discusses

The same type of short- and long-term im-
pacts that are discussed for pipelines will be
experienced in railroad construction. However,
the mitigating measures available after com-
pletion of a pipeline, i.e., revegetation, recon-
touring and eventual return to original land
uses, are not entirely applicable to railroad

* Threatened Wildlife of the United States, U S Department of
the Interior, Fish and Wildlife Service, U S Government Printing
Off Ice, Washington, D C , March 1973

Figure 28-Typical Pipeline Construction Spread

Clean-Up and
Restoration fiy

rights-of-way because of the continued above-
-ground surface existence of the rail lines,

The most obvious environmental impact of
pipeline construct ion is the clearing of
vegetation —trees, shrubs, and grasses—from
the pipeline route and right-of-way (see figure
28).“45 Construction of the pipeline also re-
quires trenching by blasting and excavation
with backhoes, stockpiling of the soil, installa-
tion of the pipe, and back-filling. Since 100
foot rights-of-way are required, as much as 12
acres per mile of pipeline could be impacted.

The loss of vegetation will, in turn, tem-
porarily disrupt, on a local scale, primary
biological productivity, which provides energy
for higher organisms. Additionally, some
animal communities will be affected by in-
creased human activity (e. g., hunting and
vehicular accidents). In some cases the
animals will be destroyed; in other cases, they
will be forced to relocate until the construc-
tion activity subsides or the habitat returns to
its original or a comparable condition. Forced
relocation of wildlife during reproductive or
breeding seasons may magnify the adverse im-
pact on wildlife.

44 F C Vasek, H B Johnson, and D H Eslinger, “Effects of
Pipeline Construction on Creosote Bush Scrub Vegetation of the
Mojave Desert, ” Madrono, Vol 23, No 1, pp 1-13, 1975

“SFinal Environmental Impact Statement, Alaska Natural Gas
Transportation System, Overview Volume, U S Bureau of Land
Management

Clearing and
Grading

. W7
Trenching gy

Source Bureau of Land Management
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Construction of pipeline and railroad
facilities for coal handling will require perma-
nent use of land for spurs and sidings, bridges,
loading and unloading facilities, and main-
tenance stations. During the construction
phase, vegetation will be destroyed and local
fauna will be forced to relocate. The effects of
floral and faunal disruption from rail construc-
tion will be similar to the effects from coal
slurry pipeline construction, however, they will
generally not be reversible as they are for
pipelines. Disruption of biological com-
munities is discussed in this chapter as an im-
pact of railroad operation.

increased presence of people and
machinery during construction increases the
fire hazard for both railroad and pipeline con-
struction. Fire would result in further loss of
vegetative cover, wildlife habitats, and disrup-
tion of biologic communities.

The duration of coal slurry pipeline con-
struction impacts may be governed by the ex-
tent of compaction, mixture of soil layers, and
alteration of drainage patterns, all of which af-
fect the potential for revegetation. Erosion by
both wind and water of lands left without
vegetative cover could be substantial, par-
ticularly on steep slopes in arid climates.” Soil
particles may be blown or carried away by sur-
face runoff, resulting in loss of topsoil, unsight-
ly and potentially hazardous alterations of the
ground surface, and pollution of rivers and
streams. 47 Rapid establishment of a new
vegetative cover will help minimize these
problems.

Pipeline construct ion will temporarily
disrupt soils and destroy vegetation along the
right-of-way, creating an undesirable visual ef-
fect and exposing bare soil to chemical change
and erosion. Experience has shown that most
areas affected by pipeline construction can be
successfully revegetated. Revegetation is a
natural process which occurs after a major

“ D G A Whitten and J R V Brooks, The PenguinDictionary
ot Geology, Penguin Books, Baltimore, Md , 1972

“Final Fnvironmental Impact Statement, A laska Natural Gas
Transportation System, Overview Volume. U S Bureau of Land
Management

disturbance of the vegetative cover, whether
by fire, erosion, or human activity. Natural
revegetation is a relatively slow process and
may require a number of years®49 depending
on various geographic, geological, and
climatic factors. Rapid revegetation to reduce
erosion and restore biological productivity by
deliberate planting of desirable plant species is
necessary in some areas. In Wyoming, crested
wheat grass (Agropyron desertorum) has been
used to establish a quick grass cover. It does
not spread, but it is not invaded by native
species and leaves an area usually discordant

with the surrounding region. Potential
revegetation problems in the West include:
prevention of mixing the top soil with the

“hardpan” or “caliche” (a layer of in-
penetrable carbonate soils); inadequacy of
water supply for plant growth; 50 51 and dif-
ficulty of quickly establishing ground covers
which will be easily invaded by the surround-
ing native species. Revegetation can also
minimize the impact of construction activities
related to railroad construction. The track and
immediate right-of-way may not be revege-
tated but the wider area affected by heavy
construction activity can be.

The aesthetic and productive value of land
may be temporarily decreased by pipeline con-
struction. Most of the pipeline right-of-way in
the hypothetical routes examined in this report
cuts through agricultural land, and disruption
of agriculture therefore could be a significant
environmental impact. The production of at
least one full growing season would be lost for
croplands, possibly more for natural grazing
lands. For example, as much as 7,600 acres of
pastureland and 3,500 acres of harvested crop-
land would be lost for the single hypothetical

“* Fc Vasek, H B Johnson, and D H Eslinger, “Effects of
Pipeline Construct lon on Creosote BushScrub Vegetationot the
Mojave Desert, " Madrono, Vol 23, No 1, pp 1-11 1975

“ w T Plass, “Revegetating Surface-Mined ! and, " Mining
Congress Journal, Vol 60, No 4, pp 53-59, 1974

* A R Verma and J L Thames, ‘Rehabilitationot Land

Disturbed by Surtace Mining Coal in Arizona, " Journal of Soil
and Water Conservation, pp 129-131, May-June 1975

S'F Cc Vasek, H B Johnson, and D H Eslinger, “Effects of
Pipeline Construction on Creosote Bush Scrub Vegetation of the
Mojave Desert, " Madrono.Vol23, No 1, pp 1-13, 1975
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Wyoming to Texas pipeline (table 36). Note
that the lost acreages represent very small
percentages of the county totals. Loss of
agricultural productivity will probably be a
negligible impact of railroad construction ac-
tivity because so little new construction will be
necessary, and the small amounts of new con-
struction will most likely be as spurs and
therefore not transect agricultural lands.

Pipeline construction may disrupt recrea-
tional activities and aesthetic values in certain
areas. This construction impact can be
minimized by careful route planning to avoid
recreational areas, and to time construction
with seasons of low use. Disruption of
streambeds and flows can also be minimized
by scheduling construction during low-flow
periods, so as to avoid temporary impacts such
as sediment loading, reduced visibility,
photosynthesis, and resultant altered produc-
tivity.

Pipeline grades must be below 16 percent.
Notching or sidehill cuttings to achieve these
gradients may create sharp topographic
features and surface runoff. 5253 Careful recon-
touring of the lands to the original contours
will minimize long-term adverse impacts on
slopes and streams. Railroads require a 1-
percent grade, so greater amounts of grading,
cutting, and filling may be required for the
limited amounts of new track construction.
Wherever possible, steep slopes should be
stabilized to acceptable angles and physically
covered to prevent erosion until vegetation is
established.

Dust-particle emissions from land clearing,
blasting, excavation, grading, cut and fill
operation, and operation of vehicles on un-
paved roads is another impact of pipeline con-
struction. Estimates of the precise amount of
dust emissions are site-specific in that they de-
pend upon soil moisture, soil particle size and

s B W Sindelar, R L Hodder, and M E Maijerus, Surface-
Mined land Reclamation Research in Montana, Montana State
University, Montana Agricultural Experiment Station, Research
Report 40, April 1973

**'W C Bramble and R H Ashley, “Natural Revegetation of
Spoils Banks in Central Pennsylvania, ” Ecology, Vol 36, No 3,
pp 417-423, 1955

distribution, and local meteorological condi-
tions such as wind and humidity. Dust emis-
sions can be reduced by about 50 percent by
wetting down the construction area twice
daily. 54

Dust-particle emissions during railroad con-
struction are of the same character as air emis-
sions from coal slurry pipeline construction. A
guantitative comparison is not attempted,
however, because of the site specificity of
such factors.

Noise emissions are another impact of
pipeline and railroad construction. Most
pipeline construction will avoid heavily

populated areas, noise is a relatively minor im-
pact, and the magnitude of pipeline construc-
tion noise is no different from other construc-
tion noise.

The impacts of construction of coal slurry
pipelines and new railroad trackage are
qualitatively similar. It is expected that new
track construction will require greater cir-
cuitry, grading, and cut and fill activities
because of the lesser-required grade for
railroads (1 percent) as compared to pipelines
(16 percent). However, the total amount of
new track construction will be very small com-
pared to pipeline construction, because the
railroad network necessary for coal unit train
operation is largely extant. Finally, because
pipelines will be buried beneath the Earth’'s
surface there is greater opportunity to mitigate
adverse construction impacts by recontouring
and revegetation of the pipeline right-of-way.
Pipeline routes can also now be planned to
avoid especially sensitive areas of biological,
agricultural, or other important human activ-
ity. This rerouting to mitigate environmental
impacts must be balanced with the costs of
various routes.

The geographical area of construction af-
fects the significance of these impacts.
Although extensive pipeline construction is an-
ticipated, the narrowness of the rights-of-way

54 G A Jutze, K Axetell, jr , and W Parker, Investigation of
Fugitive Dust Sources Emissions and Control, U S Environmental
Protectlon Agency, Research Triangle Park, N C , EPA-45013 -74-
036a, J une 1974
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Table 36. Agricultural Land Use Along Hypothetical
Wyoming-Texas Pipeline Route

Total acreage Acreage Total county

7% of coun-

ty land Harvested Miles Acres
State/County County Farmland i nfarms Pastureland crop land Woodland traversed  disturbed
WYOMING
Campbell 3,043,520 2,905,296 95.5 2,650,848 66,637 5,821 46 552
Weston 1,540,416 1,514,920 98.3 1,269,502 16,424 96,974 17 204
Converse 2,740,224 2,439,713 89.0 2,332,325 41,427 17,178 3 36
Niobrara 1,672,960 1,593,748 95.3 1,499,910 50,309 11,946 69 828
Goshen 1,425,984 1,299,978 91.2 1,014,638 166,666 14,962 21 252
10,423,104 9,753,655 93.6 6,116,375 341,463 146,881 156 1,872
NEBRASKA
Sioux 1,320,192 1,014,620 76.9 918,495 56,064 29,448 30 360
Scotts  Bluff 464,448 434,023 93.4 225,015 165,723 3,594 24 288
Banner 472,320 412,126 87.3 220,069 99,571 767 19 228
Merrill 897,408 778,422 86.7 566,863 142,092 5,640 3 36
Cheyenne 758,912 767,591 101 .2a 218,688 276,944 836 44 528
3,913,280 3,406,782 87.1 1,231,553 740,394 40,285 120 1,440
COLORADO
Logan 1,166,272 1,149,769 98.6 579,793 284,267 6,866 40 480
Phillips 435,200 467,309 107.4° 99,194 217,896 739 4 48
Yuma 1,522,816 1,433,473 94.1 819,067 365,958 6,217 65 780
3,124,288 3,050,551 97.6 1,497,454 868,121 13,822 109 1.308
KANSAS
Sherman 675,200 617,347 91.4 178,537 263,277 1,833 36 432
Wallace 583,040 507,271 87.0 229,010 150,332 417 35 420
Logan 686,720 589,876 85.9 266,836 161,968 4,605 9 108
Wichita 463,360 420,293 90.7 87,719 205,131 233 36 432
Kearny 547,264 495,951 90.6 174,168 181,435 344 4 48
Finney 832,896 669,155 80.3 197,759 315,943 962 39 468
Haskell 371,200 365,903 98.6 48,892 237,692 206 17 204
Gray 557,952 519,931 93.2 97,831 279,155 1,220 6 72
Meade 626,368 674,923 107.8° 332,409 213,988 3,619 38 456
5,344,000 4,860,650 91.0 1,613,161 2,008,921 13,439 220 2,640
OKLAHOMA
Beaver 1,145,344 1,096,044 95.7 652,135 334,576 8,905 38 456
Ellis 794,880 705,121 88.7 503,162 146,756 13,387 54 648
Roger Mills 729,600 686,026 94.0 495,104 106,372 6,388 27 324
Beckham 580,480 498,778 85.9 304,389 153,787 6,221 4 48
Washita 645,696 623,462 96.6 243,708 335,668 7,133 28 336
Kiowa 657,216 635,696 96,7 277,243 311,083 3,605 43 516
Tillman 576,832 525,189 91.0 170,952 312,392 3,579 29 348
Comanche 693,760 399,659 57.6 264,683 94,666 9,545 3 36
Cotton 416,320 365,037 76.7 179,688 163,172 3,348 4 48
6,240,128 5,535,023 88.7 3,091,064 1,958,472 62,111 230 2,760
TEXAS
Wichita 390,912 305,699 78.2 184,627 96,151 6,679 19 228
Clay 705,344 633,564 89.8 524,734 72,875 9,326 34 408
Jack 604,928 485,116 80.2 417,9343 12,208 33,659 36 432
Parker 577,664 429,407 74.3 337,041 33,825 28,139 37 444
Hood 272,640 221,006 81.1 180,252 20,142 8,254 5 60
Johnson 473,472 314,219 66.4 174,185 86,124 6,171 25 300
Hill 646,400 449,540 69.5 195,644 200,984 8,106 32 384
McLennan 640,000 521,270 81.4 285,137 161,548 17,048 28 336
Falls 488,960 521,270 81.1 238,310 116,653 18,831 312
Limestone 595,520 431,771 72.4 328,869 47,176 31,216 (b) (b)
Robertson 561,216 380,628 67.8 281,047 47,176 52,967 28 336
Brozos 374,720 261,086 69.7 190,820 32,098 36,640 19 228
Grimes 512.704 339.505 66.2 269,090 23,460 29.305 39 468
Mont-
gomery 697,408 171,985 24.8 130,727 5,717 44,716 7 84
7,541,888 5,341,483 70.8 3,738,421 956,583 331,057 335 4,020

aThe acreages of farms which are in more than one county are credited to one county sometimes making the farmland averages fOr that
county greater than the total acreage for that county.

bTh, Pipeline route runs alongthe approximate boundary between these two counties.

Source: Science Applications, Inc.

S sl
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limits the regional environmental significance.
The impacts discussed here are geographically
very narrow, but

ecosystems, such as deserts, wetlands, and

OPERATIONAL

This section discusses the impacts of opera-
tion, as opposed to construction, of coal slurry
pipelines and coal unit trains. The major im-
pacts for each mode of transportation, water
requirement for pipelines, and community
disruption including railroad highway ac-
cidents and delays and noise by unit trains,
have been discussed earlier.

Air

Pipeline operations will have an indirect and
relatively minor impact upon air quality if the
electricity required to run pumps, slurry
preparation equipment, and dewatering
facilities is generated by combustion of fossil
fuels. If it is assumed that the electricity would
be provided by coal-fired powerplants
operating at 35 percent efficiency and meeting
EPA new source performance standards for
nitrogen oxides (NO,), sulfur dioxide (SO,), and
particulate emissions, then emissions of these
pollutants for all of the four pipeline cases
would be 12,000, 21,000, and 1,700 tons per
year of NO., SOx, and particulate, respective-
ly.

The environmental impact of the total
number of emissions is difficult to assess. In
most cases, power will be required at various
points along the pipeline route, thus, the im-
pact of the air emissions would therefore be
widely distributed. | n reality, these emissions
would increase local levels by less than a few
percent and probably not have a significant
impact on local ambient air quality.

Diesel-electric locomotives emit carbon
monoxide (CO), hydrocarbons (HCs), nitrogen
oxides (chiefly nitric oxide (NO)), particulate,
and other pollutants during line-haul opera-

habitats of rare or endangered species, these
impacts assume greater significance than they

in certain very sensitive would elsewhere.

IMPACTS

tions. The amount of each pollutant emitted
depends upon several factors, including fuel
composition and heating value, load, grade
and use or lack of abatement equipment. In
table 37, emission factors, in terms of pounds
of pollutants emitted per 1,000 gallons of
diesel fuel consumed, are listed. To put these
emissions into perspective, consider the emis-
sions for a unit train coal movement from
Wyoming, of about four times the volume of
the hypothetical pipeline to Dallas, Tex. Such
a movement of 65 million tons of coal would
require 228 million gallons of diesel fuel per
year.

Table 38 shows the emissions expected
therefrom and compares the train emissions to
the emissions from highway vehicle traffic.

Another useful way of examining air-
pollution impacts would be to determine the
impact on ambient air quality. Table 39 shows
the locomotive emissions and resultant am-
bient concentrations for the very unlikely
worst case situation in Wyoming. Wyoming
State ambient air quality standards are shown
for comparison. Ambient concentration of CO,
S O,and particulate would be at least two
orders of magnitude below Wyoming stand-
ards. Hydrocarbon emissions approach the
standard. Nitrogen oxide emissions appear to
exceed the standards, although, the standards
are for nitrogen dioxide while emissions are
predominantly nitric oxide. Thus, even the
worst case analysis of locomotive emissions
would not, in and of itself, violate ambient air
guality standards.

The environmental impact of these
pollutants is difficult to assess. They clearly
represent a source of increased air emissions,
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Table 37. Diesel Locomotive Emission Factors

Emissions, Ib/1 ,000 gal. fuel consumed

Engine type
2-Stroke 2-Stroke Composite
supercharged turbocharged 4-Stroke average

Pollutant road road road used
Carbon monoxide. . . .......... 66 160 180 174C 160¢
Hydrocarbons. . . ............. 148 28 99 78c 28°
Nitrogen oxides (NO,as NO,)... 350 330 470 430° 330°
Particulates *. ................ 25: 25
Sulfur oxides . . ............... 57 57
Aldehydes (as HCHO) . .. ... ... 5.5° 55
Organicacids . ............... 7 7

‘Based upon highway diesel emissions; no actual Locomotive particulate emission test data available.
bBased upon national distribution of engine types.

CFor all case studies except Utah-California.
dFor Utah-California case study.

Source: U.S. Environmental Protection Agency, Compilation o/Air Pollutant Emission Factors, 2nd Ed. (Feb. 1976).

Table 38. Estimation of Vehicle Equivalent of Diesel Locomotive
Air-Pollutant Emissions for 65 Million Tons of Coal
per Year Between Wyoming and Texas

1977 Highway vehicle equivalents

Locomotive All

emissions Automobiles vehicle types
Pollutant Ib/h r-mile vehicles/hour  vehicles/hour
Carbon monoxide. . .. ......... 3.7 39-92 29
Hydrocarbons. .. ............. 1.7 190-530 100
Nitrogen oxides . . . ........... 9.1 700-1,100 910
Sulfur oxides. . ............... 1.2 N D* 2,500°
Particulate. . .. .............. 0.53 ND* 450°

aAssumes consumption of 228 million gallons/year of diesel fuel, 1,227-mile one-way
haulage distance.

bHighway vehicle equivalents were defined as the number of highway vehicles which
would emit the same amount of the specified pollutant as would the train movement of
specified dimensions.

cno data for comparison.

dNational average emissions are 4.9 x 10-4 Ib/mile SO, and 1.2 x 10-3 Ib/mile of particulates.

Source: Science Applications, Inc.

yet they are neither from an easily controlled pared to air emissions associated with coal
stationary source nor a continuous mobile slurry pipeline operation in any meaningful
source, like, for example, continuous passage manner. Pipeline- related emissions are from
of automobiles. Rather, train passage is a powerplants which produce the energy for
relatively isolated event, with opportunity for pipeline uses, whereas railroad unit train emis-
pollutant dispersal during intervals between sions are dispersed over the length of the rail
train passages. The impact of air emissions route.

from unit train operations cannot be com-
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Table 39. Worst Case Ambient Air-Pollutant Concentrations
for Unit Trains Transporting 65 Million Tons of Coal
per Year From Wyoming to Texas®

Locomotive Worst case Wyoming standard
emissions concentrate ion
Pollutant Ib/h r-mile uglm? uflg/m® Time period
Carbon
monoxide 2.92 210 10,000 8-hr maximum, not to be exceeded more
than oncelyear
Hydro-
carbons 1.31 95 160 3-hr maximum, not to be exceeded more
than oncelyear
Nitrogen
oxides 7.20 520 100° Annual arithmetic mean
Sulfur oxides 0.95 2.9 260 24-hr maximum, not to be exceeded more
than oncelyear
Particulate 0.42 1.3 150 24-hr maximum, not to be exceeded more

than oncelyear

aAssumes shipment of 65 x 10¢ tons/year over 1,227 miles, with diesel fuel consumption of 227,871,000 gallons/year.

bStandard is for NO,, whereas emissions are mostly NO.
Source: Science Applications, Inc.

Dust Emissions

It has been suggested that unit coal train
operations, including loading and unloading of
hopper cars, occasionally result in the emis-
sion of coal fines and other fugitive dust par-
ticles to the atmosphere. Fugitive dust emis-
sions may occur (1) during loading of hopper
cars, (2) during unloading, (3) as blowoff from
hopper cars in transit, or (4) through entrain-
ment of dust accumulated alongside the
tracks.

Modern train loading facilities consist of
10,000-ton-capacity temporary storage silos
equipped with chutes for depositing the coal
directly into the hopper cars, with water jets to
spray the falling coal to suppress coal dust. For
all practical purposes, dust emissions are con-
fined to an area extending a few feet from the
silo exit and entrance, and do not pose a com-
munity air-pollution problem. (Workers con-
trol the loading from within sealed enclosures
and are thus not exposed to the coal dust.)
Coal losses appear to be negligible compared
to the volume loaded.

The main types of unloading are bottom
dumping and rotary dumping.®Rotary dump-
ing facilities are entirely enclosed and would
present about the same minimal degree of
pollution hazard as would the loading silos.
Emissions from any type of loading facility
would remain within the boundaries of the
receiving facility, except for occasional en-
trainment by gusts of wind.

Although blowoff from coal trains has been
raised as an environmental issue, supporting
scientific data are lacking. Predictions of in-
creased emissions due to expanded coal
transportation appear to be extrapolations of
historical experience in the East, where
relatively dry coal was more likely to leak from
poorly sealed hopper cars.*Western coal, hav-
ing a relatively high moisture content, tends
not to be dusty. An increasing number of hop-

55R, G. S, “Decide Between Rotary and Bottom-Dump Coal
Unloading,” Power, Vol. 119, No. 8, p 47,1975,

seFE am brusterandB.] Candela, Research A nalysis of Fac-
tors Affecting Transportation of Coal by Rail and Slurry Pipelines,
Final Report, Vol. 1, prepared by Hudson Institute, Inc, N Y, for
Burlington Northern Inc, April 1976
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per cars, notably those unloaded by rotary
dumping, have permanently sealed bottoms. It
is believed that most fine particles are either
lost during the first few miles of haulage or set-
tle to the bottom of the hoppers very early. 57

The Western Weighing and Inspection
Bureau, which performs weighing services for
western railroads, reports that it has received
no claims of coal lost in transit. 58 Any dif-
ference between the weights of the coal cars at
origin and destination, which would reflect the
amount of coal lost, are not detectable. °°
Local officials in Wyoming, Colorado, and II-
linois, all of which have appreciable coal train
traffic, report that they have received no com-
plaints of fugitive coal dust emissions.”***®

Finally, it has been observed that a moving
train may stir up dust accumulated alongside
the right-of-way. The extent and effects of this
entrainment depend upon local conditions,
such as recency of precipitation and wind
speed and direction. In a strong wind, the im-
pacts of the train could probably not be
distinguished from those of general airborne
particulate pollution.

In summary, western experience and limited
scientific evidence indicate that fugitive dust
emissions from unit train operations are likely
to have negligible impact on air quality.

“"Thomas Healey, Environmental Division, Peabody Coal
Company, St Louis, Mo , personal communication, Sept 16,
1977

ssD T h,,son Western Weigh ing and Inspect ion Bureau,
Denver, Colo , personal communication, Sept 19, 1977

** Gary Root, General Manager of Transportation and
Distribution, Amax Coal Company, personal communication,
Sept 19,1977

“Bernard Dailey, Wyoming Department of Environmental
Quality, Air Quality Division, personal communication, Sept 9,
1977

*'William Reese, Colorado Department of Public Health, Air
Pollution Control Division, personal communication, Sept 15,
1977

2 Anthony Tel ford, | llinois Environmental Protect lon Agency,
Division of Air Pollution Control, Analysis Sectlon, personal
communication, Sept 15, 1977

¢ Edward Crooke, Director of Environmental Studies, Argonne
National Laboratory, Argonne, Il , personal communication,
Sept 15,1977

Disruption of Biological Communities

Railroad lines generally constitute a visible
linear strip of artificial texture, color, and land-
form across the landscape. The cleared break
in the vegetational community divides the
natural territory and provides room for the
establishment of a new transitional commun-
ity along the edge of the permanently cleared
roadbed shoulder. This transitional community
is characteristically an area of open low-her-
baceous vegetation maintained in an im-
mature stage of succession by maintenance of
the railroad right-of-way and occasional fires.
Transition zones often exhibit high plant diver-
sity and greater biological productivity.
Habitats associated with railroad lines often
support different flora and fauna than the sur-
rounding region. **“Increased rail opera-
tions will perpetuate this man-created
ecotone.

While division of natural territories may
enhance development of transitional com-
munities, its effects are not all beneficial.
Creation of a visible discordant strip may af-
fect wildlife behavior patterns, as some
species are hesitant to enter a region which has
been disturbed. In addition, wildlife
movements may further be affected by the ad-
ditional noise and activity of passing trains,
and the establishment of fences to protect
livestock from accidental collision.

The question of the effect of railroad fenc-
ing and operation upon wildlife migration is
controversial. Arguments supporting and op-
posing the contention that railroads constitute
barriers are each handicapped by a lack of

ssgLSmith,Ecologyand Field B iology, 2ndEd 'tion, H a rPer
and Row Publishers, San Francisco, Caif , 1974

¢ ) G.Kelcey, “Industrial Development and Wildlife Conser-
vation, ” Environmental Conservation, Vol 2, No 2, pp 99-108,
1975

t¢ B Lejmbach, “The Flora of Railway Tracks of Eastern
Pomerania Coast, ” Fragm Florist Gebot, Vol 21, No. 1, pp 53-66,
1975, cited in Biological Abstracts, No 47275, November 1976.

¢7 vV V Sentemov, “Adventitious Species of CorispermumL in
the Flora of the Udmurtian ASSR,” Bot ZH, Vol 54, No 6, p. 934,
1969, cited inBiological Abstracts, No 59045, June 1971.
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hard data.” Theoretically, a fence designed to
be sheep- and antelope-tight will present a
physical barrier and alter established animal
predation patterns, isolate communities, and
thereby prevent cross-breeding, and disrupt
seasonal migration. The effect of such a bar-
rier is of particular concern if migration to
traditional breeding or nesting areas is in-
hibited and reproduction is reduced. ” It is
believed by some that antelope movement
(especially the longer range migration of
antelope during severe storms) may be
restricted. On the other hand, in many in-
stances the railroad right-of-way parallels a
major highway which might, in itself, act as a
barrier anyway.

If it is assumed that livestock protection
fences will present a barrier to wildlife migra-
tion, provision for crossing should be required.
However, wildlife behavior response is dif-
ficult to predict. Even if crossings of adequate
size and distribution are provided, wildlife
may not use them, especially if the animals are
frightened by trains, storms, or predators.

Wildfires also disrupt biological com-
munities. Railroads are reportedly a significant
cause of vegetation wildfires. For example,
tables 40 and 41 show wildfire occurrences in
Nebraska and Wyoming. Although the precise
number may under-report the number of fires™
and may in some cases (about 15 percent”)
misidentify the source, it is clear that railroads
do cause a number of fires. The railroad fires
burn substantial acreage, as shown in table 42.

Fires can be started by sparks from
locomotive exhaust and steel brakeshoes or by
operating and maintenance crews. To reduce

¢ James Lambert, U S Bureau of Land Management,
Cheyenne, Wyo , personal communication, Aug. 23,1977

s Final [environmental Impact Statement, A laska Natural Gas

Transportation System, Overview Volume, U S. Bureau of Land
Management.

70 U S Department of the Interior, Final Environment/ State-
ment, Proposed Development of Coal Resources in the Eastern
Powder River Coal Basin of Wyoming, Vol. | | 1, U.S. Department
of Agriculture, Interstate Commerce Commission, 1974.

7' Michael Gagin, Wyoming State Forestry Division, Cheyenne,
Wyo , personal communication, Aug. 26,1977

the fire hazard, nonsparking brakeshoes are
generally used for coal unit trains, fireguards
are created along the right-of-way by
mechanical or chemical clearing, and other
spark-arresting equipment and fuel additives
are employed. Turbochargers, with which most
unit-train locomotives are expected to be
equipped in the future, also act as spark ar-
resters. 72

Careless use of flares by maintenance-of-
way crews has been identified as a cause of.
fires, but its significance is uncertain. Ac-
cording to a. Wyoming State fire official,
railroads seem receptive to suggested fire
prevention programs directed toward railroad
personnel.” Other measures to reduce fire
hazards include ontrack fire patrols by the
railroad companies” and nonsparking com-
position brakeshoes on new hopper cars. 75

With improved fire prevention techniques,
increased use of the trackage (which may
result in greater reporting, awareness, and
prevention of fires), and the increased ex-
posure of wildlands to sparks, the incremental
change in wildfires due to unit train operation
is difficult to determine.

The major operational impact of coal slurry
pipelines with disruptive effects on biological
communities is accidental spills of slurry.
There are three principal ways by which a
slurry spill could occur along the transmisison
route: 1) pipeline rupture due to excessive
pressure; 2) breakage resulting when the
pipeline is accidentally struck by digging
equipment; and 3) washout of the pipeline dur-
ing a flood. Under the relatively high pressures
of coal slurry in portions of the pipe, small
leaks will normally develop quickly into major

72 U S Department of the Interior, Final Environment/ State-
ment, Proposed Development of Coal Resource inthe Eastern
Powder River Coal Basin of Wyoming, Vol 111, U S Department
of Agriculture, Interstate Commerce Commission, 1974.

73 Michael Gagin, Wyoming State Forestry Division, Cheyenne,
Wyo , personal communication, Aug. 26,1977

74 Allan R. Boyce, Burlington Northern, St. Paul, Minn , per-
sonal communication, Sept. 6, 1977,

’* Al lan R Boyce, Burlington Northern, St Paul, Minn., per-
sonal communication, Aug 15, 1977.
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Table 40. Wildfire Occurrence in Nebraska, 1971-76

Year 6-yr
Cause 1971 1972 1973 1974 1975 1976  avg.
Railroad. . ............ 274 373 387 723 535 763 509
Debris burning . . . .. ... 413 593 208 426 420 798 476
Equipmentuse . ....... 211 113 123 244 185 278 192
Lightning............. 102 73 99 311 107 173 144
Smoking............. 51 79 51 150 108 170 102
Electric fences.. . . . . .. 33 41 16 37 28 23 30
Chidren.............. 24 29 6 34 27 50 28
Incendiary . . .......... 13 5 4 43 33 34 22
Campfires .. .......... 4 2 1 1 3 9 6
Miscellaneous . . . ... .. 127 209 121 322 313 389 247
TOTAL ........... 1,252 1,517 1,016 2,301 1,759 2,687 1,755
Source: Westover D.E., Nebraska Wildfires, State of Nebraska, Department of Forestry
(1977)
Table 41. Wildfire Occurrence in Campbell and Converse
Counties, Wyo., 1971-73
Number of fires Acres burned
Cause 1971 1972 1973 1971-19731971 1972 1973 1971-1973
Railroads. 43 28 32 34 1,163 2,762 242 1,389
Lightning. 21 40 30 30 21,981 8,170 3,025 11,052
Other . . . . 13 34 21 23 2,066 1,020 184 1,090
TOTAL. . 77 102 83 87 25,190 11,952 3,451 13,531

Source: U.S. Department of the Interior, Final E/S, Proposed Deveopment of Coal
Resources in the Eastern Powder River Coal Basin of Wyoming (1974).

Table 42. Acreage Burned by Wildfires in Nebraska, 1971-76

Year 6-year
Cause 1971 1972 1973 1974 1975 1976 average
Debris burning. . . . ... .. .. 13,647 12,975 1,467 3,655 30,272 4,315 11,055
Railroad . . .............. 4,652 13,183 2,080 7,197 6,752 2,424 6,048
Lightning . . ............. 7,224 2,249 8,467 7,309 4,402 5,095 5,791
Equipmentuse . ......... 1,740 4,489 4,465 5,307 8,822 4,850 4,945
Miscellaneous. . . .. ...... 5,151 3,788 980 6,105 1,800 3,567 3,565
Smoking. .. ... 555 2,021a 608 3,147 399 1,222 1,325
Children................ 71 69 3,662 177 27 56 677
Incendiary . . ............ 18 27 0 2,410 262 50 461
Electric fence . . . . . . . . . .. -- 5 298 799 99 300
Campfire. .. ............. 30 1 10 86 30 16 31
TOTAL . ............ 33,088 158,812 21,744 35,691 53,565 21,694 34,198

“This figure does not include the Mullen Fire of March 1972, which burned 120,000 acres.
Source: Westover, D. E., Nebraska Wildfires, State of Nebraska, Department of Forestry (1977).
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ruptures. * The quantity of slurry released to
the environment will depend upon the flow
rate, pressure, burial depth, overburden den-
sity, time for detection and pipeline shutdown,
and proximity of holding ponds. Pipelines have
been constructed with reserve holding ponds
along the way. Using this approach, the slurry
flow would be arrested in event of spill and the
offending section of pipeline evacuated into
the pond.

Only one coal slurry pipeline spill has been
recorded, " and the environmental impacts,
primarily land and water impacts, are
therefore only speculative. Presumably, the
coal particles will be filtered from the water by
the top few feet of soil. The effect of the coal
in the soil upon plant growth is unknown. The
impact of a spill into streams depends upon
the relative flows of the stream and the spill.
Coal sludge could temporarily harm aerobic
benthic organisms, hamper fish feeding,
smother eggs and larvae, and adversely affect
spawning. Temperature changes and coal
sludge could result in fish kills as well. These
impacts, however, are not likely to be severe.

7.Edward j Wasp, Vice President, Energy Transportation
Systems, Inc , San Francisco, Calif , personal communication,
July 8,1977.

77 John Montfort, Black Mesa Pipeline Company, Flagstaff,
Ariz , personal communication, Sept 21,1977

Energy/Materials Requirements

An environmental impact of pipeline con-
struction and operation and railroad expansion
and operation is the consumption of energy
and materials made from natural resources.
Steel and energy requirements for the four
hypothetical pipeline routes are shown in table
43, and steel for hopper cars, locomotives, and
rails (for new construction and replacement)
and energy to produce the steel and for
transportation of coal are shown in table 44.
The direct steel requirements for pipelines and
railroads to transport 74.5 million tons of coal
over a 35-year period are 1.3 million tons for
pipelines and 3.5 million tons for railroads.
Although pipelines require less steel, recycling
is less costly for railroads. Similarly, the energy
directly required to produce the steel and for
coal transportation is greater for pipelines
than for rail, averaging for the cases 610 Btu
per net ton-mile for pipelines and 390 Btu per
net ton-mile for railroads. Greater rail cir-
cuity diminishes this relative advantage some-
what. Averages are frequently misleading,
however, and energy requirements can differ
guite widely in a given case. The results pre-
sented here include pipelines which for
economic reasons would probably not be con-
structed. In addition, railroad locomotives use
diesel fuel derived from petroleum, while pipe-

Table 43. Steel and Energy Requirements for the Case Study Pipelines

(35-year life cycle)

Wyoming Montana Utah Tennessee
to to to to Grand
Texas Wisconsin California Florida totals
Coal transport (10° tons/year). . .. ....... 35 135 10 16 74.5
Steel requirement (10°tons). ........... 733 216 133 245 1,327
Energy for making steel (10“Btu)....... 17 5 3 6 31
Energy for construction (10“Btu)....... 3 2 1 2 8
Energy for operation (10”Btulyear) ... .. 14 7 6 10 37
Total energy (10”Btulyear) ............ 15 7 6 10 38
Total energy per 10° tons of coal trans-
ported (10°Btu). . ...........voun... 0.4 0.5 0.6 0.6 0.5
Operation energy per net ton-mile (Btu)®. 410 710 1,150 920 610
Percentage of energy content of the coal
required to transport it 1.000 miles . . . . 2.3 3.9 6.4 3.8 3.2

aRounded to Nearest1( Btu.
Source: Data from Science Applications, Inc.
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Table 44. Steel and Energy Requirements of the Railroad Case Studies

(35-year life cycle)

Wyoming Montana Utah Tennessee
to to to to Grand
Texas Wisconsin California Florida totals
Coal transport (10’ tons/year). . . ........ 35 135 10 16 74.5
Steel for hopper cars(10°tons) . ........ 461 110 102 218 891
Steel for locomotives (103 tons). ... ..... 110 22 30 58 220
Steel for rails (10°tons). .. ............. 1,446 319 201 398 2,364
Total steel requirement (10°tons) ... .... 2,017 451 333 674 3,475
Energy for making steel (10“Btu). ...... 12 3 2 4 21
Energy for transportation (10“Btulyear) . 17 4 2 8 32
Total energy (10“Btufyear)............ 17 4 3 8 32
Total energy per 10°tons of coal trans-
ported (10”Btu)................... 0.5 0.3 0.3 0.5 0.4
Transportation energy per net ton-mile
(Btu) o 340 360 440 580 390
Percentage of the energy content of the
coal required to transport it 1,000 miles 1.9 2.0 24 24 2.0

aRounded to nearest 10 Btu. Mileages arelargerthan forpipelines duetogreater circuity.

Source: Data from Science Applications, inc.

line pumps operate on electricity often derived
from other fuels.

Occupational Health and Safety

Occupational injuries and disability days for
pipeline construction and operation and
railroad operation are shown in tables 45 and
46, respectively. Historical data on accidents
on coal slurry pipelines are limited, and
pipeline accident rates were estimated from
oil pipeline data. The last column of table 45
shows the number of injuries and disability

days for construction for 3,146 miles of
pipeline (the total length of the four
hypothetical routes) and transport of 74.5

million tons of coal annually. On the average,
one disability day would result from each 45
million ton-miles of coal transported, about
half of which are due to construction, if one
assumes that the pipeline will be in operation
for 35 years. Data were not available for
estimating deaths due to pipeline construction
or operations.

Deaths, injuries, and disability days for
railroad employees were estimated from acci-
dent rates on general freight train operations
excluding labor categories not applicable to

unit trains. As shown in table 46, in carrying the
same 74.5 mill ion tons of coal per year as
pipelines, railroads would, according to the
estimate, experience 1.9 deaths, 304 lost work-
day injuries, and 14,000 disability days annual-
ly. One disability day occurs per 6 million ton-
miles of coal transported and one death per 43
bill ion ton-miles.

Employees will be exposed to noise from
several operations in coal slurry pipeline
systems, including water pumping, coal slurry
preparation, slurry pumping, and dewatering. ™
Coal slurry preparation involves crushing and
grinding operations which generate con-
siderable noise. Pipeline employees are
reportedly exposed to noise levels in the range
of 90 to 95 dBA by these processes”but the
plants are sufficiently few and remote to avoid
significant community noise impacts. Deep-
well submersible pumps are used to draw
water from wells, and because of the depth at
which the pumps are located, no noise is

7 W S Gray and P F Mason, “Slurry Pipelines: What the Coal
Man Should Know inthe Planning Stage, * Coal Age, Vol 80, No
9, pp 5a-62, 1975

7.John Montfort, Black Mesa Pipeline Company, Flagstaff,
Ariz , personal communication,june 30, 1977
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Table 45. Predicted Occupational Injuries and Lost Workdays
From Case Study Pipeline Construction and Operation

Wyoming Montana to Utah Tennessee
to Minnesota to to
Texas & Wisconsin California Florida Total

Construction

Injuries .. .......... o 281 221 125 193 820

Lostworkdays ................ 5,228 4,112 2,326 3,591 15,257
Operation

Injuries peryear. .............. 31 8 4 9

Lost workdays peryear......... 577 149 74 167 967
Million net ton-miles®

Perinjury .................... 942 702 653 724 831

Per lostworkday .............. 51 38 35 39 45

alncluding construction assuming a 35-year pipeline life.
Source: Science Applications, Inc.

Table 46. Predicted Occupational injuries, Lost Workdays,
and Deaths From Case Study Unit Train Service Expansion

Wyoming Montant to Utah Tennessee
to Minnesota to to
Texas &Wisconsin California Florida Total

injuries

Number peryear .............. 140 48 38 78 304

Lost workdays peryear......... 6,300 2,160 1,710 3,510 13,680
Deathsperyear................. 0.98 0.27 0.12 0.51 19
Million net ton-miles®

Perinjury .................... 355 235 180 176 268

Per lostworkday .............. 7.9 5.2 4.0 3.9 6.0
Million net ton-miles®

Perdeath.................... 51,000 41,000 35,000 27,000 43,000

‘Mileage is larger than for pipelines due to greater circuity.
Source: Science Applications, Inc.

reported at ground level. The mainline pumps are exposed to the same sources at closer prox-
of pipelines can be quite noisy, like any un- imity.

shielded 5,000 horsepower pump emitting 82
dBA at 50 feet.” However, built-in shielding
and enclosure in a pumphouse reduce the
sound level significantly .8 Railroad noise was
discussed in the section of this chapter on
community disruption, and railroad employees

The above figures should be regarded as
estimates because of the type of data
available and the assumptions made in ex-
trapolating disability days from these data.
Nonetheless, the figures provide a useful in-
dication of total and relative employee health
and safety for railroads and coal slurry

- . pipelines. Even including the accidents
s0 Draft Environmental Impact Statement, Crude Oil Transpor- associated with construction of pipelines. as
tation System: Valdez, Alaska to Midland, Tex., U.S. Bureau of ) . p1p o
Land Management, November 1976 well as operation, railroads experience
» Nick Tuttle Williams Brothers Process s2 rvices, Tulsa, ~ Significantly more disability days than
Okla , personal communication, June 28,1977. pipelines.
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INTRODUCTION

This chapter discusses the four major areas
of law which affect coal slurry pipeline
development. The sections on environmental
and water law are relevant independently of
Federal coal slurry pipeline legislation, in that
if pipelines are built, even without Federal
legislation, the pipelines will require acquisi-
tion of water and water rights and compliance
with Federal environmental protection
statutes. Allocation of water and protection of
water rights has traditionally been a matter of
State law. It is possible, but unlikely, that
pending Federal legislation will greatly alter
the legal framework of water allocation, Com-
pliance with the National Environmental
Policy Act (N EPA) will be triggered if pipeline
construction involves any major Federal action
which significantly affects the environment.
The Federal Water Pollution Control Act
(FWPCA) must be complied with if pollutants
or hazardous substances are discharged into
the waters of the United States.

The other two sections—transportation
regulation and eminent domain law — are
directly applicable to pending legislation. The
kind of eminent domain— Federal or State—
employed in acquisition of pipeline rights-of-
way is dependent upon the specific language
of the legislation enacted. Similarly, the kind
of regulation imposed on coal slurry pipelines
is dependent upon whether legislation is
passed and what provisions are contained in
that legislation. For example, as a condition of
receipt of a grant of Federal eminent domain,
coal slurry pipelines may be subjected to Inter-
state Commerce Commission (ICC) regulation
as common carriers.

Eight major legal provisions, within the four
areas of legal specialty, have recurred in the
assessment of coal transportation by coal

slurry pipelines and railroad unit trains. our
analysis reveals that four of these provisions
tend to promote pipeline development, while
the other four tend to favor rail transportation.
These eight major legal provisions are
enumerated below.

Legal Provisions
Which Favor Pipelines

1. Stringent common carrier obligations.—
By virtue of ICC regulation as a common
carrier, railroads are required to provide
some unprofitable service on low-volume
branch lines, for example, and to provide
equal service to small as well as large
shippers. Pipelines, even if deemed com-
mon carriers, will probably not be subject
to such stringent requirements if the reg-
ulatory structure for pipelines carrying
other commodities is a guide.

2. Rate of return.—Although the situa-
tion may change with the implementation
of the Railroad Revitalization and Regula-
tory Reform Act, the allowed rates of re-
turn on rail investment have historically
been considerably less than those allowed
in the present pipeline industry. Railroads
therefore will probably find capital im-
provements to provide improved or less
costly service more difficult to bring
about than will pipelines, unless parity in
ratesetting is required by legislation.

3. Railroads must negotiate rate in-
creases.—Railroad regulation provides that
tariffs can be appealed at any time, and
increases must be negotiated annually.
There is one minor exception in the Rail-

725
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road Revitalization and Regulatory Re-
form Act of 1976 which permits a rate to
stand for 5 years, if more than $1 million is
invested in related facility improvements.
Pipelines, on the other hand, typically
contain cost escalation clauses within the
long-term delivery contracts.

4. No long-term contracts for rail.-Under
ICC regulation, railroads are prohibited
from entering into long-term shipping con-
tracts. Pipelines are not presently or
foreseeably so restrained, Long-term ship-
ping contracts enable the carrier to pro-
tect investments in equipment and facility
improvements.

Legal Provisions
Which Favor Railroads

5. State eminent domain. -Since new
railroad trackage will rarely be required,
railroads have little need for further
powers of eminent domain to gain rights-
of-way. Pipelines, however, require rights-
of-way through numerous States for long-
distance construction. Presently, nine
States have granted State power of emi-
nent domain specifically to coal slurry
pipelines, Other States have no statutes
granting such power. Thus, an obstacle to
pipeline construction is acquisition of
rights-of-way.

6. Water rights.-Railroads do not require
more than minimal quantities of water for
coal transportation. Pipelines, on the
other hand, require great quantities of
water, generally in Western States where
water is relatively scarce and competition
therefore great. Acquisition of water
rights is dependent upon the laws and ad-
ministrative regulations of the particular
jurisdiction.

7. Commodities clause.—The commodi-
ties clause of the Interstate Commerce
Act (I CA) presently forbids railroads from

carrying commodities owned or manufac-
tured by the railroad. Railroads can, in
some cases, circumvent this provision
through holding companies and other ar-
rangements. The commodities clauses in
proposed legislation for coal slurry pipe-
lines would be much more stringent, Pipe-
line operators would be forbidden from
any ownership interest in the end line ac-
tivity (e. g., utility powerplant) or any
source activity (e. g., coal mining or coal-
land ownership rights). Under this provi-
sion utilities and mining companies or
their contractors would have more diffi-
culty in building and operating a pipeline.

8. EIS requirement.—If Federal eminent do-
main legislation is enacted, or other major
Federal action is invoked, such as granting
of rights-of-way across Federal lands, or
granting a certificate of public conve-
nience and necessity, NE PA requires that
the Federal agency file an environmental
impact statement (E IS) if the action will
have a significant effect on the environ-
ment. Although an impact statement is
prepared only once, one will generally be
required for coal slurry pipeline construc-
tion, and it will demand substantial re-
sources of the pipeline operator. Because
the tracks are already in existence, and
new trains and rate changes are not usu-
ally considered major Federal actions
with significant effects on the environ-
ment, railroads will be much less likely to
trigger the E | S process. And even where an
E I S is required it will rarely be as extensive
as that required for a coal slurry pipeline.

Coal slurry pipelines are a technological and
legal innovation, and much of the following
discussion therefore relies on legal precedent
applicable to other types of pipelines. Other
types of pipelines differ in some ways, and the
present comparison at least highlights areas
where distinctions indicate a need for specific
legislation or regulation,



Ch VIl Legal and Regulatory Analysis = 127

TRANSPORTATION REGULATION

Regulation of coal slurry pipelines in in-
terstate commerce turns initially upon whether
or not pipelines qualify as common carriers.
Under the property clause of the Constitution,
the Federal Government has the constitutional
power to require pipelines to operate as com-
mon carriers as a condition of the grant of
Federal eminent domain or the grant of right-
of-way across Federal lands.

Two major types of regulation are imposed
upon pipelines, Pipelines carrying com-
modities in interstate commerce are subject to
ICC reporting, valuation, and accounting re-
guirements designed to keep ICC abreast of all
current financial and physical conditions
within the pipeline industry which may trigger
the need for regulatory changes. Secondly,

pipelines which assume common carrier
characteristics are required to serve, on an
equal basis, all similarly situated persons re-

guesting pipeline transportation and to charge
rates within the ICC reasonableness require-
ment.

The chief characteristics of common carriers
is that they transport, indiscriminately for con-
sideration, all of the freight of the type they
purport to carry which is tendered to them.
Common carrier regulation has been imposed
even on pipeline carriers that held title to al |
the property they transported Analysis of case
law reveals that the term* common carrier” as
defined in the ICA includes all pipelines,
whether they are in fact private, contract, or
common carriers. Commodities are in in-
terstate commerce: 1 ) when they are trans-
ferred by purchase to pipelines prior to ship-
ment to another State, or 2) when they are
transported across State borders for sale or for
use by someone other than the pipeline com-
pany; but not when they are transported for
the pipelines own use to or from its own
facilities. Further, the various carrier regula-
tion provisions of ICA can be imposed on
pipelines independently of one another. The
reporting-type requirements may be imposed
upon every pipeline carrying coal in interstate

commerce, whether the carrier is actually
private, contract, or common. The Interstate
Commerce Commission may impose addi-
tional ICA common carrier-for-hire-duties on
pipelines within its jurisdiction which acquire
ownership to commodities and transport them
across State borders, and which operate in
such a manner as to create competitive im-
balances within the industry which produces,
processes, or markets the commodities
transported.

The following three possible types of coal
slurry pipelines could be regulated as common
carriers in substance:

1. a coal slurry pipeline which transports all
coal slurry tendered to it;

2. a pipeline that purchases coal from all
mines in the area from which it operates;
and

3. a pipeline that provides essentially the
only efficient means of transportation for
the coal mined in its source area.

A final possible type of carrie may well in-
clude currently contemplated coal slurry
pipelines. Private carriers, which are common
carriers only in the terminology of ICA, and
whose services are not needed by others to
cure competitive imbalances within the rele-
vant industry, cannot be converted to common
carriers-for-hire by ICC. It may be argued that
pipelines which in fact operate to serve ex-
clusively a few selected shippers pursuant to a
private contract were not intended to be
within the reach of ICC regulation as common
carriers-for-hire. Assumption of common car-
rier duties by such coal slurry pipelines may
disrupt exclusive shipping agreements, require
that lines be rebuilt to accommodate added
Volumes, or reduce overall efficiencies by re-
quiring construction of higher volume lines ini-
tially and operation at less than design capac-
ity.

States also impose common carrier duties
on some pipelines. Generally a pipeline must
be devoted to public service, that is, operated
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as a common carrier-for-hire, to acquire State
governmental privileges, such as eminent do-
main power.

The traditional duties of common carriers
are:

1. to furnish the transportation services they
offer to the public to al | who seek them;

2. to furnish services and facilities adequate
for satisfactorily fulfilling their transpor-
tation obligations;

3. to establish reasonable rules and
regulations governing how they fulfill
their transportation obligations;

4. to establish reasonable rates and charges
for their transportation services; and

5. to treat equally all shippers, freight, and
locations served which share similar
characteristics.

These duties were established to ensure that
all persons engaged in providing transporta-
tion services for the public operate in ways
that best serve the public interest consistent
with achieving a reasonable return on their in-
vestments in transportation facilities.

A number of factors can preclude pipelines
from operation as common carriers. Lack of
shipper connections and lack of connecting,
receiving, or delivery facilities are frequent
problems limiting access to pipelines. Some
States require pipelines to furnish connections
for shipper facilities, but Federal activity in
this area is minimal. For such facilities to be re-
guired of coal slurry pipelines, the re-
guirements should be imposed prior to con-
struction so as to properly measure, in ad-
vance, the volume of throughput a pipeline
will handle. If a pipeline must contain excess
capacity for the benefit of future shippers, its
present efficiency will be diminished since a
coal slurry pipeline operates more efficiently
at the throughput for which it is designed.
Common carriers faced with transportation
demands exceeding the capacity of their
transportation system must attempt to serve
all shippers without discrimination. This serv-
ice is usually accomplished one of two ways: 1)
by serving shippers on a first-come, first-
served basis; or 2) by prorating the pipeline

shipping capacity among the shippers on the
basis of the amount of throughput each ship-
per represents to the total throughput ten-
dered. For coal slurry pipelines shipping to
coal-fired eletric powerplants, either method
of nondiscriminatory service could result in a
decrease of power availability in the area of
service of the power company.

Minimum tender requirements are rules
specifying the minimum quantity of a par-
ticular commodity that a carrier will accept for
shipment from a specified origin point to a
specified destination point. Large minimum
tender requirements tend to disfavor small
shippers whereas low minimum tender re-
guirements tend to prejudice the ability of a
pipeline to function at maximum capacity in a
stable environment.

A 1976 ICC ruling on pipeline ratemaking un-
covered so many significant challenges to the
rationality of the ICC ratemaking practices
that a comprehensive evaluation was under-
taken to determine future ratemaking policy.
The reevaluation was still in progress in 1977
when the Department of Energy Organization
Act (P. L. 95-91) transferred regulation of
petroleum pipelines from ICC to the Depart-
ment of Energy (DOE). Whether the current, or
even revised methods of calculating fair rates
of return for pipelines will apply to coal slurry
pipelines is unknown. Case law illustrates the
desirability of adopting fair rates of return
more tailored to the needs of pipelines as a
separate class.

The present ICC ratemaking practices for
pipeline employ a public utility approach. This
approach is considered reasonable since there
is littte pipeline-to-pipeline  competition.
Public utility ratemaking entitles the regulated
company to set rates calculated to cover its
costs of providing public services plus a fair
return on fair value of the property the com-
pany dedicates to public service. Rate-of-
return percentages are established for
categories of pipelines rather than for each in-
dividual pipeline based on its own individual
needs. The Interstate Commerce Commission
employs 8 and 10 percent as reasonable rates
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of return for crude oil and petroleum product
pipelines respectively. No reasonable rate of
return has been established for coal slurry
pipelines. The Interstate Commerce Commis-
sion uses the method for valuation of carrier
property prescribed by section 19a of ICA as a
basis for pipeline rate determinations. This an-
nual calculation takes into account the
original cost of all lands and rights-of-way used
by the carrier in delivering its services, and the
original cost, cost of replacement both new,
and less depreciation of all other property the
carrier dedicates to public service. The method
also includes ICC’S consideration of working
capital and going-concern value.

The relevant rail rates for comparisons with
coal slurry pipeline rates are those on the unit
train concept. Unit train rates are lower than
other types of rates (e. g., carload, multicar,
train load) because they include volume dis-
counts, and discounts for other cost-reduction
factors such as elimination of loading,
unloading, and car-switching operations. The
major difference between ICC’S railroad
ratemaking and its pipeline ratemaking is that
the reasonableness of railroad rates is judged
without reference to a fair rate of return. A
value-of-service consideration is applied to
railroads, under which the rate is determined
by consideration of

1 the level of the proposed rate compared
with  established rates for similar
shipments in the territory,

2. the economic effect of the proposed rate
on the shippers and their customers,

3. the relationship of the proposed rate and
the cost of providing service, and

4 the likelihood that the rate will be
compensatory.

The: Interstate Commerce Commission has not
given any consideration historically to the
railroad’s cost of equity capital in making
railroad rate decisions. As long as the railroad
rate covers its variable cost it is not unlawfully
low. Under the Railroad Revitalization and
Regulatory Reform Act (the 4R Act), ICC is not
to determine the reasonableness of railroad
rates by comparison to rate structures of com-

peting modes. This means that in rate competi-
tion between railroads and coal slurry
pipelines, the railroads will be allowed to go
below their fully allocated costs to undercut
the fully allocated costs of competing
pipelines, even though the coal slurry pipeline
may have the lowest overall cost structure.

The Interstate Commerce Commission in-
fluences competition among distinct modes of
transportation through policies focusing
directly on competitive relationships and by
regulating each mode differently from the way
other modes are regulated. Competition bet-
ween railroads and slurry pipelines is affected
by ICA, subjecting only the railroads to a com-
modities clause and to entry, extension, and
abandonment regulation. Unique features of
ICC regulation of railroad rates also produce
competitive impacts.

The commodities clause applies only to
railroads and prohibits every railroad from
transporting any commodity in interstate com-
merce which is manufactured, mined, or pro-
duced by it, or which it may own, in whole or in
part. The commodities clause was enacted
mainly to prevent railroads from achieving un-
fair competitive advantages in an unrelated in-
dustry by shipping commodities they owned at
rates lower than they shipped commodities
owned by their competitors It does not di-
rectly prevent railroads from being commonly
owned with, or being owned by, companies
which engage in unrelated industries and then
serving them as customers.

The proposed legislation would include a
coal slurry pipeline commodities clause that
would prevent anyone from having a direct or
indirect ownership interest in a coal slurry
pipeline who also has a direct or indirect in-
terest in coal or would be a user of coal. This
legislation would impose much greater invest-
ment limitations on any coal-related firm con-
templating ownership of coal slurry pipeline
enterprises than does the commodities clause
on railroads.

Railroads must acquire certificates of public
convenience and necessity before they can
enter new markets, or extend or abandon cur-
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rent markets. Coal pipelines are not now sub-
ject to any certification requirement, and are
therefore free to enter or abandon any market.
Entry and extension regulation is designed to
promote the most efficient carrier service
possible in each area served by a common car-
rier.

Coal slurry pipelines will make ar-
rangements with shippers by throughput and
deficiency agreements or ship-or-pay con-
tracts. Although these arrangements can serve
valid business purposes, they also impose a
restraint on trade. If a restraint on trade is
unreasonable, it is subject to antitrust action.

Throughout and deficiency agreements are
essentially financing agreements designed to
provide lenders to pipeline companies greater
security in return for the best possible financ-
ing terms. The parties to the agreements are
the pipeline company and the shippers, of
which the latter agrees to guarantee the debt
service obligations of the pipeline.

Ship-or-pay contracts are analogous to re-
guirements contracts in the sense that they
bind shippers to transporting a specified
volume of traffic through a pipeline for a fixed

period of time. The valid business purposes of
ship-or-pay contracts are:

1. to guarantee the debt service of the
pipeline by securing a fixed level of
revenue in order to procure favorable
financing,

2. to guarantee that the pipeline operates at
its design capacity so as to achieve full ef-
ficiency, and

3. to provide a stable source of transporta-
tion in a predictable volume at a reason-
ably stable price.

Balanced against these valid purposes are the
restraints of trade which include:

1. foreclosure of the traffic of the partici-
pating shippers from use of competing
modes of transportation, and

2. foreclosure of committed pipeline capac-
ity from use by other, nonparticipating
shippers.

The extent, duration, and cost of reduced com-
petition, relative strengths of the parties, struc-
ture of the relevant industry, and other factors
will determine whether the restraint of trade is
reasonable.

WATER LAW

From a survey of the water aspects of coal
slurry pipeline development, several important
considerations emerge. This section will briefly
summarize the most important of them.

Most of the significant issues of State law in-
fluencing coal slurry pipeline development are
related to prior appropriation jurisdictions in
the western part of the country. However, the
riparian system and the principal of reasonable
use characteristic of Eastern States present
two significant problems to a pipeline
operator. First, under the riparian system, the
use of water for a coal slurry pipeline may not
be permitted, because the riparian system
traditionally limits the use of water to the land
adjoining the stream or body from which it is

taken. Second, even if use for a coal slurry
pipeline is considered a riparian use, the
riparian system is characterized by a sharing of
water with all other riparian users from the
same source. Thus, under conditions of heavy
demand relative to supply, the pipeline
operator may not be able to obtain enough
water for the pipeline. Since most riparian
jurisdictions are characterized by abundance
of water and infrequency of litigation over
water matters, the use of water for a coal
slurry pipeline may not raise significant prob-
lems for any pipeline in the East.

In a prior appropriation jurisdiction the
threshold consideration is the availability of
water not already in beneficial use, assuming
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that the use of water for a coal slurry pipeline
is otherwise permissible. There are some in-
herent limitations on the sovereign right of a
State to make water available for a coal slurry
pipeline. Some of the limitations arise because
a particular water source is shared with
another State, and some arise because of the
constitutional allocation of power between
the States and the Federal Government.

Within the limits of its own sovereign power,
a State may influence the availability of water
in a number of significant ways, First, the
policy adopted by some States for water
resource management, in particular with
respect to ground water resources, allows the
State to permit ground water mining or permit
water to be withdrawn only to the extent the
water supply in the aquifer from which the
water is withdrawn is replenished from natural
sources. A second way in which some States in-
fluence the availability of water is by with-
drawing water from present, private use to ac-
complish conservation, planning, and future
development objectives,

Once it is determined that water is available,
the next consideration is whether State water
policy permits the use of water for a coal slurry
pipeline, which depends upon whether the use
of water for a coal slurry pipeline is a
beneficial use, one which would be found to
be in the public interest, under applicable
State law. Guidelines under case law and
under most State statutes are insufficient to
resolve this question, although the legislatures
of those States which have focused on the
issue have generally taken a negative attitude
toward water for coal slurry pipelines.

If the use of water for coal slurry is permit-
ted, then State administrators may impose
conditions on the use. Any State prohibition or
unusual restriction on the use of water for coal
slurry may be attacked as an unconstitutional
discrimination against interstate commerce in
coal. However, unless the restrictions were
severely discriminatory against the transporta-
tion of coal out of State, the constitutional
issue would probably be resolved by the courts
in favor of the State determination.

Two specific State restrictions merit special
mention. First, the application of the use
preference policy of a State may make a water
right for coal slurry somewhat uncertain. A use
preference policy, either through the use of
conditions in the operator’s water permit or by
force of statute, can invert normal priorities
and require the pipeline use of water to yield
to uses initiated after the pipeline was opera-
tional. In most States, a statutory use
preference, as opposed to one imposed ad-
ministratively, can be enforced only through
the exercise of the power of eminent domain
to condemn the water by a preferred user.

The second restriction of special
significance is the restriction or prohibition
against the exportation of water out of State.
Although the movement of coal slurry out of
State might be treated as the exportation of
coal slurry, a manufactured product, as oppos-
ed to the exportation of water, State | imita-
tions on the exportation of water may be ap-
plicable. Serious constitutional objections to
such State | imitations exist, however,

In addition to the preceding issues of State
law, some less-significant issues which may
become significant in certain situations should
be examined. Attention must be given to the
effect on other users of water from the same
water source if existing water rights are ob-
tained and their use changed to a use for coal
slurry. Another issue is the uncertainty of the
water supply if the source chosen is byproduct
water. Whether byproduct water sources will
be used depends upon whether existing de-
mands, or rights to make demands on natural
water sources, will preclude the use of natural
water sources without the acquisition of ex-
isting rights.

The important issues of Federal law do not
relate to the constitutional power of Congress
to make water available for use in a coal slurry
pipeline. Constitutional power is adequate to
do that, whether the source of the power is the
inability of a State to thwart Federal policy
through inconsistent enactments, or the power
of Congress over certain water resources,
notably navigable waters and water from
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Federal water projects. Under the reserved
rights doctrine, water under Federal control
also includes unappropriated water appurte-
nant to lands reserved by the Federal Govern-
ment to the extent necessary to accomplish the
purpose of the reservation. The most signifi-
cant limitation on Federal constitutional
power requires that the Federal authority
respect private rights, but this | imitation does
not apply to Federal allocation of navigable
waters. The ability of the Federal Government
to make reserved water appurtenant to Federal
lands available for a coal slurry pipeline may
be limited if the pipeline does not contribute
to the purpose for which the land has been
reserved.

The significant policy issues of Federal law
concern the extent to which Congress will exer-
cise its constitutional powers over commerce,
property, and the general welfare. First, Con-
gress must decide the extent, if any, to which
water under Federal control should be made
available for coal slurry pipelines. If Congress
wishes to make Federal water available, then,
at the very least, legislation should make it
clear that use of water in a coal slurry pipeline
is a use for which administrators of Federal
projects may allocate Federal water.

The second issue facing Congress is the ex-
tent to which State control of water resources
for a pipeline survives the enactment of
legislation authorizing Federal certification
and regulation of pipelines. Federal judicial
treatment of Federal statutes (specifically,
Federal Power Act, § 9(b), and Reclamation
Act, 8 8), whose design was on its face to main-
tain State control over water, suggests that the
pending Federal legislation, in its present form,
may leave little scope for State regulation of
water for a coal slurry pipeline. If the intent is
to preserve meaningful State regulation
beyond the mere determination of the ex-

istence of vested rights in a water source, then
legislation should express in specific terms ex-
actly what State administrators may do to con-
trol water for the pipeline.

The third issue facing Congress is closely
related to the second, and affects the extent to
which the Federal Government must respect
State law in distributing water from sources
under Federal control, such as Army Corps of
Engineers and Bureau of Reclamation projects.
The legislative measures necessary to confer
upon the States a meaningful voice in the
distribution of Federal water are the same
measures as those which permit State regula-
tion to survive Federal certification and regula-
tion of a pipeline, namely, specific expression
of State authority.

issue must be faced with
respect to navigable waters. Congress must
decide the extent to which a coal slurry
pipeline operator must compensate, if at all,
other private users of water from a source
which is also a source for water for use in the
pipeline.

An additional

In conclusion, although traditionally, water
allocation is primarily a matter of State law, in-
creasing competitive water needs and respon-
sive Federal and State legislation create some
uncertainty as to present law affecting water.
Resolution of the uncertainty as to the present
law affecting water sources for coal slurry
pipelines may cost the pipeline operators in
time and money. Some of this uncertainty
could be resolved by a policy decision that
water is to be made available for coal slurry.
However, if a decision is made on the Federal
level, then the long-standing integrity of State
control of State water resources and the ability
of State water administrators to implement
State evaluations of regional water priorities
would be compromised,

ENVIRONMENTAL LAW

legislation
slurry

Federal environmental
transportation by coal

The major
affecting coal

railroads are the National En-
Policy Act (NE PA), and the

pipelines and
vironmental
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Federal Water Pollution Control Act of 1972
(FWPCA). Additionally, the Safe Drinking
Water Act of 1974 (SDWA) and Resource Con-
servation and Recovery Act of 1976 (RCRA) ap-
ply to prevent contamination of many ground
water sources, Federal laws also protect
members of the public and workers from other
possible health and safety impacts of construc-
tion and operation of railroads and pipelines.

The National Environmental Policy Act ap-
plies to some activities in the construction and
operation of both coal slurry pipelines and
coal unit trains which involve Federal action
and requires at least an environmental evalua-
tion to determine whether an environmental
impact statement is necessary. Activities com-
mon to both coal slurry pipelines and unit
trains which involve Federal action and may
require an E | S include: 1 ) crossing Federal
lands, 2) crossing ‘(navigable waters of the
United States” or ‘(waters of the United
States, ” 3) discharging pollutants into “waters
of the United States, " and 4) being a part of the
transportation element of a Mine Plan for
development of a coal lease.

Under ICC regulation, rail line construction
may have a significant impact on the environ-
ment, and in application to ICC the railroad
must include a detailed environmental impact
report, which may be incorporated into an E IS.
Actions which affect the operation of a
railroad line or general rate increases may also
require EISs.

The exercise of regulatory power attendant
to the grant of eminent domain in some of the
presently pending legislation, may constitute
sufficient Federal action to require an assess-
ment of whether an E | S is necessary. Even
where major Federal action is absent, State en-

EMINENT

The power of eminent domain is an inherent
power of a sovereign. The Federal and State
constitutions do not grant the power but rather
limit its exercise to a taking of property for

vironmental regulations may require an E | S for
State action or regulation.

Under various provisions of the FWPCA,
“waters of the United States” are protected
from pollutant discharges. jurisdiction of the
FWPCA includes essentially all surface waters
of the United States. Two provisions are
especially applicable to coal slurry pipelines:
1 ) issuance of discharge permits under the na-
tional pollution discharge elimination system
and, 2) control of point source accidental
pollution discharges.

The national pollution discharge elimination
system, in FWPCA, requires that a discharge
permit which regulates the amount of pollu-
tant in the discharged water be obtained. Coal
preparation plants at coal slurry pipeline
sources and slurry recycle and reuse plants at
pipeline termini are subject to permit re-
quirements. Accidental spills from, for exam-
ple, a ruptured pipeline would subject the
pipeline operator to potential liability for a
discharge of toxic pollutants or hazardous
substances without a permit if the discharge
entered a water of the United States.

Underground waters are protected by the
SDWA and RCRA. The SDWA regulates injec-
tions of fluids underground as well as the use
of holding ponds, thereby limiting disposal of
slurry waste water by either of these methods.
The objectives of RCRA are to encourage
development of solid waste management
plans, prohibit open dumps, regulate handling
and disposal of hazardous waste, and develop
guidelines for solid waste disposal protection.
Other than unusable sludge, for example, the
dewatered slurry from an accidental spill, coal
slurry pipelines will produce very little
disposable sol id waste.

DOMAIN

public purposes upon payment of just com-
pensation to the owner of the property. The
sovereign may delegate the power to non-
governmental entities. The power is limited to
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the territorial jurisdiction of the sovereign and
may be subject to statutory | imitations in con-
nection with a particular grant of the power.
The power is exercised through condemnation
proceedings which award the landowner just
compensation and put the condemnor in
possession of the property. A prerequisite to
condemnations for a pipeline may be a deter-
mination of an acceptable pipeline route after
public hearings.

The coal slurry pipeline bills presently
before Congress take one of two approaches.
One approach is to grant Federal eminent do-
main authority to coal slurry pipelines upon
the attainment of a certificate of public con-
venience and necessity from a Federal agency
and to regulate them as common carriers. The
other approach is to leave the matter of emi-
nent domain to the States and to regulate coal
slurry pipelines as common carriers under ICA.
Under this approach right-of-way conflicts
would be resolved by ICC, which could order
another regulated carrier to grant an easement
to a coal slurry pipeline.

Six Western States (Louisiana, Texas,
Oklahoma, Montana, Utah, and North Dakota)
have specifically granted eminent domain to
coal slurry pipelines, and five States have no
statutes which could be interpreted to include
such a grant. In eight more States through
which  pipelines may pass, a coal slurry
pipeline is not assured of the power of eminent
domain because of ambiquity in the statutes.
Some recent State legislation granting eminent
domain to coal slurry pipelines limits the use
of State water and subjects the pipelines to
State regulation as common carrier.

For the valid exercise of State eminent do-
main by an interstate coal slurry pipeline
within the State granting such power, the ac-
tivities of the pipeline must constitute a public
purpose in the State. In a “State of origin,”
where the pipeline picks up coal for transpor-
tation, and an “intermediate State, ” where a
pipeline passes through the State without pick-
ing up or delivering coal, it is arguable that the
pipeline may not be performing a public pur-
pose. In a “State of destination” where a

delivery of coal is made by the pipeline, the
pipeline would be serving a public purpose
under most circumstances.

In order to place the need or lack of need for
a grant of the power of eminent domain in
legal perspective, the acquisition of legal
rights-of-way without the power of eminent do-
main is relevant. Except for certain protected
lands, rights-of-way may be granted without
the exercise of eminent domain to coal slurry
pipelines over Federal public lands, national
forest lands, and Indian lands; however, on In-
dian lands, the written permission of the In-
dian owners must be obtained. The acquisition
of rights-of-way for a pipeline across a State
without either Federal or State eminent do-
main authority will be more expensive if
recalcitrant landowners refuse to grant
easements or if opportunist landowners ask
hold-up prices.

In the absence of State or Federal eminent
domain, an organized opposition to a coal
slurry pipeline might prevent the construction
of the pipeline across areas of land owned in
fee by that opposition. A landowner with a fee
title may prevent the pipeline from crossing
under the land by refusing to grant a right-of-
way. If, however, the member of the organized
opposition possesses only an easement interest
in the land, that person cannot prevent the
pipeline from obtaining a right-of-way.
Whether the present landowner has acquired
fee title or an easement is dependent upon the
specific language of their deed to the land.

In the Western States many of the early
railroad rights-of-way were acquired under the
Pacific Railroad Acts of 1862 and 1864, and the
type of ownership, either in fee or as an ease-
ment, established thereunder is in dispute.
Although it has been held that a railroad
received only a limited fee, which would not
enable it to prevent granting an easement to a
slurry  pipeline, further litigation may be re-
quired before a definitive conclusion is
reached.

The treatment of other pipelines provide no
general conclusion as to whether coal slurry
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pipelines require the grant of eminent domain.
The extensive network of interstate oil
pipelines, ammonia fertilizer pipelines, and
railroads have been built with only State emi-
nent domain authority. Federal eminent do-
main authority was granted to interstate
natural gas pipelines by the 1947 Amendment
to the Natural Gas Act because

1. it was believed that crossing a State
without distribution of gas therein would
not be a public benefit to that State,

2. some desired to protect the exclusive
jurisdiction of the Federal Power Commis-
sion (F PC) over such pipelines, and

3. it was believed that these pipelines were
different from other modes of transporta-
tion because their movement of natural
gas from fields to distant markets did not
require them to be common carriers.

The grant of Federal eminent domain came 9
years-after interstate natural gas pipelines had
come under the jurisdiction of FPC, which
regulated the transportation, supply, and some
elements of the price of natural gas dedicated
to interstate commerce.

The Cole Pipe Line Act granted Federal emi-
nent domain authority to interstate oil
pipelines for 2 years as a part of emergency
legislation aimed at overcoming delays in con-
struction of oil pipelines caused by railroad
opposition and refusal of the Georgia
legislature to grant them eminent domain.

The comparison of interstate coal slurry
pipelines with interstate natural gas pipelines
indicates that although the granting of Federal
eminent domain to gas pipelines does not man-
date such a grant to coal slurry pipelines, it
does furnish a possible legal precedent if Con-
gress finds such grant to coal slurry pipelines
to be in the national interest.

A comparison of interstate coal slurry
pipelines with interstate natural gas pipelines
yields the following similarities:

1, Each usually operates pursuant to
long-term supply and or transportation
contracts.

2. Each will

often transport its commodity

from field or mine to a distant market or
user and in the process may traverse one
or more States in which it neither picks up
nor delivers any portion of the commod-
ity transported.

3. Each has limitations on its ability to act as

a common carrier in the States it
traverses.
Coal slurry and natural gas pipelines,

however, have the following dissimilarities:

* Gas pipelines own most of the gas
transported while coal pipelines apparent-
ly will not own the coal transported
although it appears there is nothing in the
existing laws which would prohibit such
ownership.

*+ Gas pipelines are subject to FPC regula-
tion which extends to the price and supply

of natural gas dedicated to interstate
commerce and requires insulation from
State regulation. Interstate coal pipelines

are presently subject to minimal ICC
regulation, and regulation under proposed
legislation will not extend to the price and
supply of coal transported.

A comparison of interstate coal slurry
pipelines with interstate crude oil and
petroleum products pipelines illustrates their

dissimilarity as to:

1. Ownership of commodity shipped.

2. Length of term of supply contracts and
transportation contracts.

3. Physical capabilities to act as a common
carrier or common purchaser in States
traversed.

The comparison of interstate coal pipelines
with interstate crude oil and petroleum prod-
ucts pipelines does not establish that State
eminent domain authority for coal slurry
pipelines will be insufficient but does indicate
that it may not be as effective in meeting
needs of coal slurry pipelines as it has been for
oil pipelines.

The basic option to Federal policy makers is
whether or not to grant Federal eminent do-
main authority to coal slurry pipelines. If Con-
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gress elects not to grant eminent domain au-
thority to coal slurry pipelines, such pipelines
must rely on eminent domain authority from
those States which have granted or will grant
in the future such authority to the pipelines. In
order to exercise eminent domain authority
granted to it, a coal slurry pipeline, in most
States, will:

. be required to obtain a license or
certificate of public convenience and
necessity from a State agency,

2. be designated as common carrier or
public utility, and

3. be subject to State regulations which do
not unduly burden interstate commerce
or interfere with Federal regulation of
such pipeline.

Under the “public purposes” requirement, cir-
cumstances in a “State of origin” and in an
“intermediate State” may preclude a pipeline
from being considered as serving a public pur-
pose within the State or being a common car-
rier in fact, and thereby prevent the valid exer-
cise of State eminent domain authority by
such pipeline.

A further consequence of not granting
Federal eminent domain authority to coal
slurry pipelines is the possibility that one or
more States traversed by the pipeline might
not grant eminent domain authority to the
pipeline. This could lead to costly and ineffi-
cient routing of the pipeline to avoid recal-
citrant or opportunist landowners, costly delay
in negotiations, increased cost of rights-of-
way, and possible inability to construct a
pipeline across a State due to organized op-
position.

If Federal eminent domain authority is
granted to coal slurry pipelines, the pipelines
may rely on that authority to obtain necessary
rights-of-way in each State traversed by the
pipeline. Construction of the pipeline will have
been deemed to constitute a national public
purpose justifying the exercise of Federal emi-
nent domain authority. The pipeline will not be
required to obtain a license or certificate from
the State agency in order to construct its
pipeline or to exercise Federal eminent domain

authority. If the grant of Federal eminent do-
main authority requires that the practice and
procedure of State courts be followed, as is re-
quired by the Natural Gas Act, then it would
seem that landowners within a particular State
would be protected by the same due process
requirements for determining “just compensa-

tion” as are applicable to a taking of their
property under State eminent domain author-
ity.

A possible alternative to simply granting or
withholding Federal eminent domain authority
for coal slurry pipelines would be a condi-
tional grant of such authority. Such a grant
would be conditioned upon a showing that a
particular State to be traversed by the pipeline
had not granted eminent domain authority to
coal slurry pipelines or that the State author-
ity, though granted, could not be validly exer-
cised in such State because of a lack of public
purpose within the State. Federal legislation
granting a conditional eminent domain power
would allow each State the opportunity to
grant eminent domain authority to coal slurry
pipelines on conditions which the State
deemed necessary to the protection of State
interests. Such State legislation and the regula-
tions thereunder could not unduly burden in-
terstate commerce or interfere with Federal
regulation of the pipeline.

In drafting a conditional grant of Federal
eminent domain authority, a period of time
should be allowed for States to grant eminent
domain authority to coal slurry pipelines. The
circumstances which would constitute a lack
of public purpose within a State and thereby
entitle a pipeline to exercise the Federal emi-
nent domain authority should also be set forth.
A potential problem with such legislation is
that it might subject coal slurry pipelines to
duplicative Federal and State legislation.
Careful drafting of legislation could minimize
this problem.

Also, Congress could elect to grant the
power of eminent domain for individual
pipeline projects through specific legislation.

This approach would be cumbersome, but it
would allow Congress to determine in each
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case the degree to which the national interest
is served.

In conclusion, the decision among the
foregoing alternatives depends on two prin-
cipal factors. The first is the degree to which

coal slurry pipelines are desirable or not, in the
light of all of the considerations discussed in
this assessment. The second is the extent to
which national or local priorities should be
reflected in the conditions under which the
power of eminent domain can be exercised.
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RAIL REVENUE PROJECTIONS

Regional revenue shares were projected for
10 commodity groups, at the two-digit stand-
ard industrial classification (SIC) level. Inter-
views and a literature search established the
necessary data base. A series of correlations
and regressions were then run using Class | ag-
gregate and individual railroad data in order to
find the most effective explanatory variable
for use in the forecasts. Data were available in
adequate detail for the period 1964-74 to per-
mit testing a number of relationships at the
regional commodity level.

The best statistical fits (R?) and highest T
values were provided by time-trending via the
logarithmic equation:

N:: b:.
ijk = ajik + 1k

In
1 - Nljk t

(1)

where N,is the share of national railroad
revenues earned by region j through transport
of commodity i in year k. The coefficients a
and b were determined through regression
analysis of historical data. Equation 1 was then
employed to project regional revenue shares in
future years, e.g., 1985 and 2000. Table A-1
presents historical regional shares data, and
the projected regional commodity shares for
1985 and 2000 based on the regression
analysis.

"The data were taken trom Moody's 1976 Transportation
Manual, and Operating and Traffic Statistics 1964-1975 Associa
tion of American Railroads

Forecasting of revenues was considerably
more complicated than that of shares.

Revenue calculation requires that actual
shipments of specific commodities be
forecast, including their production quantities

and the allocation of shipments among rail
and other transport modes, such as truck,
barge, pipeline, or air After carefully examin-
ing a number of forecasting methods and
models, the TECNET’model was employed to
predict national commodity outputs and
transportation modal shares. 1n simplest terms,
TECNET is a computerized input-output model
designed to disaggregate transportation-
related data and forecasts into a level of detail
considerably greater than that provided by a
model of the overall economy—INFORUM.
Starting from a base year of 1971, TECNET pro-
jects national transportation requirements by

‘TECNET was developed by International Research and
Technology Corporation under sponsorship of the Department
of Energy. The acronym stands tfor Transportation Fnergy Con-
servation Network. It projects economic activity within 185 sec
tors through the year 2025 using the INFORUM input-output
model developed under Clopper Almon’s direction at the Univer-
sity of Maryland, as modified by William Watson at Resources
for the Future (INFORUM stands for “Interindustry Forecasting
Model of the University of Maryland,” and is described in his
book titled, 1985 Interindustry forecasts of the American
Economy, Lexington Books, 1974.) The transportation sector 1y
broken into modal shares, i e, rail, barge, truck, auto, etc, so
that the effect of introducing energy-conserving technologies,
into these segments can be evaluated. It is used in this study only
to estimate the railroad shares of transportation revenues for
nine commodities and the ~all other” group As explained in the
text, coal forecasts were made separately For additional descrip-
tion of TECNET, see Transportation fnergy Conservation Net-
work, Ralph M Doggett, et al . IR&T Report 485R, Sept 15,
1977

141
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Table A-1. Historical and Projected Regional Revenue Share by Commodity

(Percent of national commodity revenues)

SIC Historical Projected
code Title and region 1966 1970 1974 1985 2000
01 Farm Products

East...................... 16.7 14.0 13.4 8.5 4.7

South..................... 10.2 9.9 9.3 8.2 5.6

West. veeeee o oo 73.1 76.1 77.3 83.3 89.7
11 Coal

East...................... 74.9 70.9 62.5 36.5 25.2

South..................... 17.0 19.2 19.8 19.8 22.9

West...........coiviii. 8.1 9.9 17.7 43.8 52.0
14 Stone and Minerals

East...................... 324 32.0 28.5 24.5 184

South..................... 25.8 26.6 275 31.6 314

West............oi. 41.8 41.4 44.0 445 50.2
20 Food

East...................... 32.0 30.3 275 21.3 16.5

South..................... 14.6 15.1 15.5 16.8 17.7

West...........coiviii. 52.9 54.6 56.9 61.9 65.8
24 Lumber and Wood

East...................... 15.0 14.0 13.6 12.0 10.2

South..................... 16.0 17.8 19,6 23.2 30.0

West..........ooviii... 69.0 68.2 66.8 64.8 59.8
26 Pulp and paper

East...................... 36.9 34.1 32.4 26.6 19.8

South..................... 22.7 24.9 254 29.7 34.8

West...........ooiiin.. 40.4 41.0 42.2 437 45.4
28 Chemicals and plastics

East...................... 31.6 29.0 25.0 18,3 10.8

South..................... 20.4 22.1 23.1 26.9 315

West............oviii. 48.0 48.9 51.9 54.8 57.7
32 Cement and glass

East...................... 35.9 33.9 31.0 255 18.9

South..................... 23.6 25.0 25.5 29.7 345

West..........cciiiii. 40.4 41.1 435 44.8 46.6
33 Primary metals

BEast...................... 49.2 50.0 45.8 415 34.6

South..................... 10.3 11.6 11.3 14.7 185

West.............oii.. 40.5 38.4 42.9 43.8 46.9
37 Transportation equipment

East...................... 48.9 48.6 46.5 44.2 40.0

South..................... 10.2 11.2 12.3 16.4 23.1

West...........cvviii. 40.9 40.2 41.2 39.4 36.9
—A  Another

East...................... 36.9 35.1 35.5 30.3 18.8

South..................... 12.9 15.4 15.1 24.6 29.9

West. ovee v v 50.2 49.5 49.4 45.1 51.2
o All commodities®

East...................... 38.1 36.5 33.9 27.5 20.2

South..................... 15.4 17.1 17.4 21.1 255

West.......... . 46.5 46,5 48.7 51.4 54.4

*All commodities total may not add due to rounding.
Source: Historical data obtained from Moody’'s 1976 Transportation Manual. Projections made by IR&T.
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mode and economic sector through the year
2025 based on an assumed rate of GNP growth
of 2.90 percent before 1985 and 2.95 percent
afterward. The national railroad revenues ob-

tained from TECNET were allocated to
railroad regions using the share projections
presented in table A-1, The resulting regional

revenue projections are given in table A-2. The
rate of overall traffic growth represents a
departure from long-term trends in that it ap-
proximately equals the expected rate of in-
crease in gross national product. On the other
hand the projected growth is considerably
lower than that forecast by the U.S. Depart-
ment of Transportation and endorsed by the
Association of American Railroads.’

The coal railroad revenue forecasts
presented in table A-2 were developed ex-
ogenousy from TECNET. This was done
because appraisal of two coal transportation
alternatives is the central focus of this study,
hence this commodity merits more detailed
consideration than achievable through use of
the general model. In order to establish the
coal-related revenue projections, it was
necessary to undertake three steps:

1. Project coal production by railroad region
between 1980-2000.

2. Estimate the railroad share of coal
shipments in the three regions over the
same time period.

3. Convert the originating tonnage estimates
in each region into ton-miles and railroad
revenues.

Coal supply projections for the years 1985
and 2000 were obtained for the three railroad
regions by grouping data provided in the
Department of Energy’'s (DOE) Annual En-
vironmental Assessment Report (AEAR).The
AEAR projections identify the energy content
of future coal supply from 10 Federal regions.
The currently mandated environmental

'Association of Americ an Railroads, Yearbook of Railroad
Facts. 1977

*Annual Environmental Analysis Report, prepared tor the
Assistant Administrator of Environment and Safety, DOE, by
MITRE Corporation, Consad Research Corporation, Control Data
Corporation, and International Research and Technology Cor-
poration, September 1977

regulatory situation, following passage of the
Clean Air Act (CAA) Amendments of 1977, was
assumed in forecasting as the coal supply
baseline. The DOE coal supply figures were
converted into tons of coal, using the average
energy content of coal i n each Federal region.
The resulting coal supply projections for the

years 1985 and 2000 are presented in the
following table:
COAL SUPPLY PROJECTIONS By
RAILROAD REGION -1985 and 2000
(Milliions of short tons)

Region 1975 1985 2000
East - 3445 3983 4942
South 1686 1806 3282
West 1032 4435 8084
Total U S 6163 1,0224 1,6308

There are a number of interesting aspects of
the year
2000, production is estimated to
increase by a factor of 2.6 relative to its 1975
level. Western coal production, however, is
projected to increase nearly eightfold, so that
by 2000 it will account for approximately half
of the national total. Eastern coal output is
projected to increase much more slowly, rising
by 43.5 percent relative to its 1975 value. As a
result, eastern coal’s participation in the na-
tional total will decline from 55.9 percent in
1975 to 30.3 percent in 2000. The production of
southern coal will follow a middle course,
nearly doubling between 1975-2000, and it will
continue to produce the least of the three
regions.

the coal production projections. By

national coal

Projections of railroad shares of regional
coal shipments were based on analysis of
historical trends, adjusted by anticipated shifts
in regional coal production. The historical
data indicate that railroads’ share of eastern
and western coal movements (including mine-
mouth usage) steadily declined over the
1964-74 period, while southern railroads
gained an increasing share of coal movements
in that region. ° The reasons underlying the

‘Analysis of U S Bureau of Mines data provided in The
Minerals Yearbook for the years 1969 to 1974
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Table A-2. Baseline Regional Railroad Revenue Projections

(Millions of 1971 dollars)

SIC
code Commodity 1980 1985 1990 1995 2000
01 Farm Products
East...................... $ 107.83 $ 89.20 $ 80.37 $ 7041 $ 64.70
South..................... 92.13 86.10 86.11 89.27 77.00
West. ..o 846.99 874.30 981.76 1,097.12 1,233.80
Total ........ ..o 1,046.95 1,049.60 1,148.24 1,257.40 1,375.50
11 Coal
East.......... ... ... 887.94 1,009.30 1,034.30 1,060.02 1,086.33
South......... ... ... .... 392.39 550.99 668.84 811.90 985.57
West. . ... 549.53 1,218.22 1,492.06 1,821.27 2,241.04
Total . ................... 1,829.86 2,778.51 3,195.20 3,696.19 4,312.94
14 Stone and minerals
Bast...................... 109.76 133.70 132.71 150.84 184.90
South..................... 125.30 169.20 185.80 233.64 315.50
West. ..o 266.13 242.90 362.08 435.30 504.40
Total ooy o o 501.19 545.80 680.59 819.78 1,004.80
20 Food
Bast...................... 417.03 380.90 405.45 402.75 465.60
South..................... 265.23 300.40 334.25 378.67 499.50
West. ..o 985.85 1,107.00 1,238.13 1,407.44 1,856.70
Total ........ ..o 1,668.11 1,788.30 1,977.83 2,188.86 2,821.80
24 Lumber and wood
East............ .. ... 144.81 148.30 153.94 156.45 160.00
South........ ... ... . .... 239.46 286.80 338.68 399.84 470.50
West. ..o 756.01 801.00 846.05 892.39 937.80
Total ........ ..o 1,140.28 1,236.10 1,338.67 1,448.68 1,568.30
26 Pulp and paper
East.......... ... ... ... 267.18 264.70 280.60 295.78 311.40
South..................... 257.08 295.60 265.24 448,40 547.20
West...........oiii.. 393.89 435.00 513.66 606.42 714.00
Total . ................... 918.15 995.30 1,059.50 1,350.60 1,572.60
28 Chemicals and plastics
East...................... 260.79 282.50 287.82 290.16 290.10
South..................... 308.32 415.30 529.23 669.61 846.00
West. ..o 649.55 845.80 1,039.89 1,272.26 1,549.70
Total ........ ..o 1,218.66 1,543.60 1,856.94 2,232.03 2,685.80
32 Cement and glass
East...................... 268.13 275.40 306.43 338.61 368.70
South......... ... ... ... ... 269.09 320.80 414.74 530,49 695.90
West. . ... 420.39 483.80 599.66 743.33 906.90
Total . ... 957.61 1,080.00 1,320.83 1,612.43 1,971.50
33 Primary metals
East........... ... ... ... 482.37 476.00 496.47 556.36 600.50
South..................... 149.70 168.70 202.40 260.04 321.10
West. ..o 476.82 502.40 574.12 695.46 813.90
Total . ... 1,108.89 1,147.10 1,272.99 1,511.86 1,735.50
37 Transportation equipment
East...................... 434.08 500.30 577.89 668.37 768.70
South........ ... ... ... ... 139.59 185.60 251.14 333.38 443.90
West. ..o 382.45 445.90 521.18 608.78 709.10

Total .................... 956.12 1,131.80 1,350.21 1,610.53 1,921.70
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Table A-2. Baseline Regional Railroad Revenue Projections—Continued

SIC
code Commodity 1980 1985 1990 1995 2000
All other
East...................... 1,068.70 1,208.00 1,233.50 1,259.50 1,286.10
South..................... 580.90 978.10 1,250.50 1,599.00 2,044.40
West.. . ........cooii.. 1,421.90 1,795.20 2,242.60 2,801.80 3,500.80
. Total .................... 3,071.50 3,981.30 4,726.60 5,660.30 6,831.30
: Commodities
East...................... 4,448.62 4,768.30 4,989.47 5,249.25 5,587.03
South..........ciiin.. 2,819.19 3,757.59 4,526.93 5,754.24 7,246.57
West.........coooiiiiiinn. 7,149.51 8,751.52 10,411.19 12,382.17 14,968.14
Total . ................ ... 14,417.32 17,277.41 19,927.59 23,385.66 27,801.74

Source: IR&T estimates.

declines in the East and West differ markedly.
In the East, the decline-from 71.6 percent to
63.1 percent—was due to modest increases in
market penetration by barges, trucks, and
mine-mouth generation. There is essentially no
barge transport in the West, and truck
transport of coal fell from 13.9 percent in 1969
to 4.0 percent in 1974. Furthermore, recent in-
dications are that for both environmental and
economic reasons mine-mouth generation will
expand only slightly in the future. *Therefore,
it is anticipated that coal supply growth in the
West will be transported primarily by the
railroads. On the basis of historical trends, it is
estimated that railroads will capture 86.0 per-
cent of western coal shipments (originating
tons) in 1985 and 90.4 percent in 2000. The
comparable estimates for the East are 59.8 and
53.7 percent, respectively and 80.8 and 84.7
percent for the South.

participation of unit trains in coal shipments
is also of interest | n the East, unit train par-
ticipation was nearly constant between
1969-74 at about 36 percent, while in the
South and West unit train participation ap-

*One potential ly ott setting tac tor wou Id be the ¢onstruction
otasigniticantnumberotcoalconversionta alitiesnearthe
m ine mouth | t1santicapated that coalconversiontacalitieswill
encountersomeotthesameob jectionsasm ine mouth genera
tion 1 nth nstudy, the a ssum ptionw a s made that t hree 25()
milhonstandardcuhicteetperdaysyntheticnaturalgasplants
will be brought onstre amin the W est by 1985By .2000, s1x more
willbe addedin the w est and two each in the Fa st and South

proximately doubled —-from 16.1 to 29,3 per-
cent in the South and from 28.2 to 578 percent
in the West. | t is projected that unit train par-
ticipation will continue to increase in these
two regions — to 40 percent by 1985 and 45 per-
cent by 2000 in the South, and to 75 and 80 per-
cent in those 2 years in the West. It is assumed
that economic pressures will motivate some
growth in eastern unit train participation. The
estimates are that participation will rise to 40
percent in 1985 and 45 percent in 2000.

Coal shipment revenue projections were
made by translating the originating tonnage
forecasts into ton-miles, then multiplying by
estimated revenues per ton-mile for regular
and unit trains. The average haul distances in
each region were estimated to be 650 miles in
the West, 235 miles in the East, and 300 miles
in the South. "Revenues per ton-mile were
estimated from historical data, assuming that
regular train rates are double unit train rates,
on the average. ° The railroad coal-transpor-

‘Review of coalorigin and usage regionsinthe Sout h in -
dicatesthat present hau | stendtobeshortaveragmg200mires
How ever, national goa Is for future (oaldistributionwouldex
tend usage rnto the more Southern States On thisbasis,itwas
estim a ted that by 1985 the average southernhaulwillhavein-
(reasedto300miles

*Nat fon<])/ PowerSurvevReporta sreterencedin factorsat
fecting Coal Substitutiontor Other £ (O)\)/I Fuels i Flectric Power
Produc tion and Industria | Uses, Congressiona | Researc h Service
reporttotheSenate (ommitteeoninteriorand InsularAte1rs,
1975
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tation revenue projections given in table A-2
were then obtained for each region by
multiplying the coal production in that region
by the railroad share of originating tonnages,
the average haul distance, and by the revenues
per ton-mile, weighted by regular and unit
train participation. The results indicate that
western railroads, although accounting for
76.5 percent of the ton-miles, will receive only
52.0 percent of the revenues in 2000. This is
because unit trains are employed on a larger
fraction of the western shipments than in other

regions, and because the basic rail rate is lower
in the West, averaging only 35 percent of that
charged in the East. The regional difference in
rates is primarily related to:

1. the short-haul distances in the East and
South which means that turnaround times
are a larger fraction of the total shipment
period,

2. the greater market value of underground
mined eastern and southern coal, and

3. logistical advantages for the less heavily
traveled western rail system.

RAIL OPERATING EXPENDITURE FORECASTS

Three major operating cost categories were
studied in depth: maintenance of way and
structures, maintenance of equipment, and
nonmaintenance operating expenditures.
Twenty-five railroads were selected for cross-
sectional statistical evaluation on the basis of
operating size (more than 1,000 miles of track)
and data availability. One thousand miles of
track operation was the minimum size in-
cluded because larger railroads are expected
to account for most of the coal shipments, and
these large railraods experience different
operating economies than the smaller rail-
roads. The inability of cross-sectional analysis
to capture time trends was countered by run-
ning the regressions for a series of years,

ton-miles
miles of road

in MWS=a+blIn

1970-75. This permitted an evaluation of how
the regression coefficients change over time.

Maintenance of Way and Structures

The variables tested to explain historical
variation in maintenance of way and struc-
tures operating expenditures included: miles
operated, ton-miles, average haul, freight car
miles, tons per car, and commodity mix, the
latter to see if cost patterns could be related to
changes in relative importance of commodi-
ties hauled. The best explanatory variables, in
terms of statistical meaning and reliability,
were found to be combinations of ton-miles
and miles of track operated. The regression
equation selected was the logarithmic form:

+ ¢ in (miles of road) (2)



Appendix .« 147

where MWS is maintenance of way and struc-
tures, and miles of road refers to track miles
operated. This equation assumes an interac-
tion between intensity of use, as reflected in
ton-miles per mile of road, and cost per mile of
road. It suggests that economies of scale per-
sist over broad ranges of ton-miles per mile of
road operated, with the coefficient b acting as
the elasticity of supply for ton-mile services.
The coefficient ¢ acts as the elasticity of sup-
ply for miles of road operated.

Mean values for the coefficients b and ¢
over the period 1970-75 were 0.74 and 0.94
respectively. The resulting maintenance of
way and structure costs is:

ton-miles T

milesof road T

rate. An empirical expression was developed
for k- k = 0.5 + 0.5(1 .0012 )T-1971 The first
parameter, 0.5, is the nonlabor share of
maintenance of way and structures costs in
1971. The non labor share was assumed to vary
directly with ton-miles and miles operated as
indicated by the overall regression equation.
The labor share, in contrast, is multiplied by
(1.0012) ™" to account for changes in real
wages and productivity over time. The factor
(1 .0012) was determined by dividing the rate of
real wage changes for railroad employees with
respect to the GNP deflator by the rate of
productivity changes for maintenance of way
and structures, as reflected in reductions in

N 71 0.74 0.94

) milesof road T

MWSI: k X Mwslg’“ XJII(

ton-miles 1971

\ miles of road 1971

\ miles of road 1971 }

where k is a wage and productivity factor,
MWS is maintenance of way and structures
operating expenditures, and T is the year to be
computed. Since b is less than 1, economies of
scale are present, i.e., for every I-percent in-
crease in traffic or ton-miles, costs will go up
by 0,74 percent. The ton-mile forecasts used to
project maintenance of way and structures ex-
penditures for the years 1980-2000 were ob-
tained from the revenue forecasts given in
table A-2 by use of regional commodity
revenues per ton-mile coefficients.

Miles of road operated was assumed con-
stant over the forecast period, hence the final
term drops out of the equation. The results ob-
tained using this form of the equation should
be interpreted as reflecting the cost to the
railroads of maintaining current levels of road
operated. The Kk factor adjusts for changes in
the productivity of labor and the real wage

ME'I‘ = k X ME[Q']] X

freight car miles T

MWS labor-hours per unit railroad output, i.e.,
ton-miles.

Maintenance of Equipment

A number of relationships were tested to ex-
plain maintenance of equipment operating
costs. The variables employed included: ton-
miles, tons per freight car, and freight car
miles. The most effective equation was found
to be:

In ME = a + B In (freight car miles)

where ME is maintenance of equipment costs.
Regression analysis using this equation
resulted in the following expression for pro-
jecting maintenance of equipment operating
expenditures:

\ 0.96 (4)

freight car miles 1971 }
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where k is a wage and productivity factor, and
T is the year for which data are to be com-
puted. The scale factor 0.96 is the mean-
regression coefficient over the 6-year period,
1970-75. It indicates that an 0.96-percent in-
crease in cost will result from a I-percent in-
crease in freight car miles relative to their 1971
level. The wage and productivity factor, k, is

k = 0.45 + 0.55(1.0061)"*"

where 0.45 is the non labor fraction of
maintenance of equipment expenditures in
1971, and the second term defines the varia-
tion of the labor share over time. Freight car
miles were calculated from tons per car
estimates for each region, and the revenue ton-
mile projections employed in the maintenance
of way and structures analysis. Ton-mile
weighted averages for tons per freight car for
the Nation and for each railroad region were
calculated by aggregating estimates of tons
per freight car for individual commodities. Pro-
jections for freight-car loadings by commodity
in 1985 and 2000 were made on the basis of
past trends and extensive interviews with
railroads, their customers, and their suppliers
as to maximum practicable weight, height, and
length (to clear overpasses and negotiate
curves) per car. The resulting tons per car pro-
jections for the Nation in 1985 and 2000 are
presented, with comparative historical data, in

table A-3. Loadings are projected to grow 23.1
percent from 1974 to 1985, and 10.7 percent
more by 2000. The increase in coal traffic is an
important factor in this growth, since this com-
modity makes the single largest contribution
to the commodity-weighted averages.

A major change now underway that affects
freight car and train capacities is the growth of
intermodal service, i.e., mixing such transpor-
tation modes as truck and rail via use of flat-
cars and piggybacked trailers. This approach
offers a number of advantages traditional box-
cars cannot. For example, the time usage rate
of many old freight boxcars is 10 percent,
while that for a piggyback or flatcar is 80 per-
cent. Also, pickup and delivery by the
customer with a truck cab at the terminal is
usually more cost effective and convenient
than the traditional switching of individual rail
cars onto customer’s tracks. The full implica-
tions of this new-style intermodal railroad-
truck service are not yet clear, but certainly it
will tend to reduce the number of cars needed,
and probably reduce the value of the cars to
be bought.

Nonmaintenance Operating
Expenditures

Nonmaintenance operating expenditures in-
clude traffic, transportation, miscellaneous,

Table A-3. Historical and Projected Freight Car Loadings by Commodity

(Tons per car)

sIC Historical Projected
code  Commodity 1968 1970 1972 1974 1985 2000
01 Farm Products. . ................ 51.2 56.5 62.0 66.9 85.0 93.0
11 Coal. ... 724 76.4 80.2 83.3 90.0 95.0
14 Stoneand minerals . ............. 73.1 74.1 75.1 77.6 90.0 93.0
20 Food............ ... ... it 38.0 40.7 42.9 44.9 60.0 80.0
24 Lumberandwood ............... 46.4 49.8 50.9 53.5 57.0 62.0
26 Pulpand paper.................. 33.9 35.5 37.6 39.4 55.0 70.0
28 Chemicals and plastics........... 53.3 58.2 63.0 66.7 75.0 80.0
32 Cementandglass............... 56.4 57.7 60.0 60.3 85.0 90.0
33 Primary metals. .. ............... 54.5 55.3 62.7 63.6 77.0 85.0
37 Transportation equipment . . . . . . . . 222 - .- 22833 ---—-- 23.6 2803 2 . O
*
: All commodities, total. .. ......... 51.8 54.9 56.3 58.4 71.9 79.6

Source: Projections made by IR&T. Historical data obtained from Moody’s Transportation Manual, 1977, p. al8.



Appendix « 149

and general categories. The equation used to
forecast nonmaintenance expenditures was:

NMEI =k X NMElgﬂ

freight car miles T

iture categories and their totals are presented
for the period 1980-2000, by region, in table

0.87 (5)

freight car miles 1971

where NME is nonmaintenance expenditures, T
is the year to be computed, and the wage and
productivity factor, k, is:

k=0.44 + 0,56 (1.0068)"""
The scale factor 0.87 is the mean-regression
coefficient over the 6-year period, 1970-75.
Total Operating Expenditures

Projections for the three operating expend-

A-4. The productivity improvements, achieved
primarily through increasing tons-per-car
loadings, tend to outweigh the effects of in-
creasing traffic volumes for maintenance of
equipment and nonmaintenance expenditures.
The effect of these reductions can be directly
oberved in the East, but they are obscured in
the South and West. The rate of productivity
improvements slows after 1985, since most of
the gains will have been achieved by that time.

Table A-4. Projections of Class | Railroad Operating Expenditures

(Millions of 1971 dollars)

1980 1985 1990 1995 2000
EAST
Maintenance of way and structures . . . $ 601.45 $ 628.01 $ 651.10 $ 675.68 $ 710.10
Maintenance of equipment . . . . ... ... 679.18 595.07 609.55 624.37 638.91
Nonmaintenance expenditures. . . . . .. 1,947.93 1,754.90 1,820.93 1,891.09 1,961.52
Total ... 3,228.56 2,977.98 3,081.58 3,191.14 3,310.53
SOUTH
Maintenance of way and structures . . . 427.23 511.44 597.98 703.58 837.63
Maintenance of equipment . . . . ... ... 452.33 486.10 585.15 704.37 847.00
Nonmaintenance expenditures. . . . . .. 1,022. 44 1,107.91 1,330.76 1,599.85 1,920.89
Total . ... oo 1,902.00 2,105.45 2,513.89 3,007.80 3,605.52
WEST
Maintenance of way and structures . . . 1,054.85 1,347.59 1,553.55 1,780.35 2,065.55
Maintenance of equipment . . . . ... ... 1,139.43 1,184.93 1,383.09 1,614.36 1,882.37
Nonmaintenance expenditures. . . . . . . 2,745.86 2,888.62 3,373.66 3,943.60 4,604.00
Total ... 4,940.14 5,421.14 6,310.30 7,338.31 8,551.92
U.S.A.
Maintenance of way and structures . . . 2,083.53 2,487.04 2,802.62 3,159.62 3,613.28
Maintenance of equipment . . . .. ... .. 2,270.94 2,266.10 2,5677.79 2,943.10 3,368.29
Nonmaintenance expenditures. . . . . .. 5,716.22 5,751.44 6,525.35 7,434.54 8,486.42
Total ... 10,070.69 10,504.58 11,905.76 13,537.26 15,467.99

Source: IR&T.
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CAPITAL INVESTMENT REQUIREMENTS

Rolling Stock

Investment requirements over the
1975-2000 period were determined for three
classes of rolling stock: coal hopper cars, non-
coal freight cars, and locomotives. These in-
vestment requirements are the capital expend-
itures necessary to expand the equipment
stock in response to increased business volume
and to replace retired equipment. The growth
in equipment requirements was determined
from the revenue projections of table A-2. As
described previously, the revenue projections
were converted into freight car mileage projec-
tions by use of the estimates for revenues per
ton-mile and tons per car, The freight car
mileage projections were then converted into
freight car requirements in each year by use of
an estimate for car utilization rate, that is,
miles per car per year. Locomotive require-
ments were then estimated as a function of
total freight car requirements, Freight car and
locomotive investment requirements were
determined for the new vehicle requirements
in  each category, taking into account
estimated vehicle retirement rates.

It was estimated from carloadings of coal
relative to loading of mineral ores and of stone
and gravel that in 1973, coal cars represented
62.2 percent of the total U.S. open-top hopper
car fleet. On this basis, there were 207,682 coal
hopper cars in 1973, Since there were 1,460
mill ion coal-related freight car miles in that
year, the average utilization rate was 7,030
miles. Regression analysis of historical
utilization-rate data over the period 1962-769
revealed that a 1.13 percent compound annual
growth in utilization rate had been achieved. It
was assumed that the historical trend in car
utilization rates will continue over the period
of this study, except in the case of long-haul
unit train shipments. For the latter shipments,
the analysis described in chapter IV indicated
that 50,000 loaded miles per year per car can
be reasonably expected. Since long-haul unit
trains are anticipated to account for 50.6 per-

SAssociationof AmericanRatlroads, Yearbook 01 Railroad
Facts, 1977

cent of coal shipments in 2000, improved
utilization of such cars has a significant effect
upon coal-related car requirements. For exam-
ple, in 2000 the nonlong-haul coal car utiliza-
tion rate was projected to be 9,521 miles per
year per car, and coal shipments to amount to
620.9 billion ton-miles. At an estimated 95 tons
per car, these shipments correspond to 6,535
million freight car miles, 50.6 percent of which

are via long-haul unit trains. Using the car
utilization rates established for each type of
shipment, a total coal hopper car requirement

of 405,000 in 2000 was determined. This result
is 41 percent less than the number of cars that
would have been required to ship the same
amount of coal without the utilization rate
gains achieved in the long-haul shipments.

Annual retirements of coal hopper cars were
calculated assuming a 15-year average life-
time. This is a shorter lifetime than for noncoal
cars because of the higher utilization rate in
unit train service. Coal car investment require-
ments were determined as that necessary to
accommodate growth in total requirements
and replacement of retired cars, at an average
cost of $13,000 per car (1971 dollars). The
estimated coal car requirements for the period
1975-2000 are presented in table A-5.

Noncoal car requirements were calculated
in a similar manner to that employed for coal
cars. Mean noncoal car utilization over the
1973-75 time period was 10,877 miles, and the
historical 1.13 percent annual growth rate was
assumed to hold over future years for all cars.
Retirement of noncoal cars was estimated with
the help of the following age distribution and
retirement rate data, based on a 22-year
average car life: *

NONCOAL FREIGHT CAR AGE CHARACTERISTICS

Car age Retirement
Age distribution rate
(years) (in 1975) (per year)
0-10 40% 2.5%
11-20 30% 15 %
21 + .30% 70 0%

“Long Term Freight Car Forecasts, American Freight Car In-
stitute, 1975
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The new car requirements were then deter-
mined, with the corresponding investment
costed at $16,000 per car. The results for non-
coal freight car requirements are presented in
table A-5 The requirements decline between
1975 and 1985 as a result of the fairly rapid in-
crease assumed for tons per freight car
loadings Beyond 1985, the effect of increasing
traffic volume predominates. The number of
locomotives required in each year was
estimated to be 1.8 percent of the total freight
car requirements This is a higher ratio of

locomotives to freight cars than prevailed in
the past because of the increasing car
loadings. On the basis of historical trends, an
annual increase in locomotive hauling capac-
ity, approximately 1,65 percent, was taken into
account in estimating the overall dependence
of locomotives upon freight car requirements.
Locomotive retirements were assumed to
follow the noncoal car schedule. The resulting
locomotive capital investment requirements,
based upon $246,000 per car [1971 dollars), is
given in table A-5.

Table A-5. Rolling Stock Investment Requirements, 1975-2000

5-year
Annual investments
Required Annual new car requirements
stock retirements requirements  (thousands of
Category _ Year (# cars) (#cars) (# cars) 1971 dollars)
Coal nhopper cars. . .. 1975 226,000 § 15000 19.400 $ 252200
1980 248,000 ’ ’ '
f 15,000 20,000 260,000
1985 273,000
i 15,000 22,800 296,400
1990 312,000
f 19,400 28,000 364,000
1995 355,000
b 20000 30,000 390,000
2000 405,000
N | freight e 1975 1,301,000
on coal Telgnt cars o8t 160,000 z 68,300 40,600 649,600
1085 1’035’000 ; 54,400 29,400 470,400
oot 4520 60,400 966,400
1990 1,111,000
1995 1.194.000 % 48,800 61,400 982,400
o s 45,600 63,200 1,011,200
2000 1,282,000
Locomotives . . . . . .. ........ 1975 27,523 (
1,459 1,023 215,658
1980 25,344
E 1,157 797 196,062
1985 23,544 f 1,001 1,556 382,776
1990 25,866 ‘ ’ '
f 1,070 1,595 392,370
1995 28,494
} 1,070 1,686 414,756
2000 31,672
Source: IR&T.
Way and Structures
long-haul coal movements considered within

Way and structures investment projections
were made by evaluating the requirements
associated with three shipment categories:

four case studies, other
movements, and all
movements.

long-haul coal
other commodity
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Four in-depth case studies were conducted
for unit train movement of western and
southern coal to five States: California, Texas,
Minnesota, Wisconsin, and Florida. These case
studies are described in chapter IV. The
cumulative investment requirements for the
case study coal movements for intervals be-
tween 1975 and 2000 are presented in table
A-6. The set of “other specific long-haul” coal
shipments are those described in chapter |V
amounting to more than 5 million tons per year
over distances greater than 500 miles. The in-
vestment requirements for these other specific
long-haul shipments were estimated by apply-
ing a ton-mile adjustment to the investment re-
guirement identified in the case studies. The
other specific long haul and the total specific
long-haul coal investment requirements are
shown in table A-6.

A review of historical trends in “all other”
way and structures investment indicated that
these have remained relatively constant at ap-
proximately $431 million per year (1971
dollars). Other studies such as Clopper
Almon’s 1985 Interindustry Forecasts of the
American Economy have produced regression
equations that suggest way and structures in-
vestments are more strongly influenced by real

interest rates than traffic volumes. * Since real
interest rates are not varied within this study,
the “all other” way and structures investment
was held constant at its recent historical value.

On the foregoing basis, the following results
are obtained for total Class | railroad way and
structures investment over the 1975-2000
period:

ANNUAL WAY AND STRUCTURES
INVESTMENT REQUIREMENTS
(Millions of 1971 dollars)

Shipment 1975- 1985- 1990- 1995-
categories 1985 1990 1995 2000
Specific long-
haul coal* 70 39 22 25
Other
commodlties 431 431 431 431
Total 501 470 453 456

* See table V-6

“Almon’s equation, p 92, for railroad Investment is

1=3317 + () 00068Q -23 18R

T(24)006)(51)

R0 51, AwW=0 85
where /1s Investment, Q Is rail traffic, Ris the real rate of in-
terest, and the numbers in parentheses are the T scores This
equation Indicates that Q has very | ittlei m pact on /, while /?
impact is significant

Table A-6. Cumulative Way and Structures/Investment Requirements for Specific Long-Haul Coal Shipments

(Millions of 1971 dollars)

1975-1985 1975-1990 1975-1995 1975-2000

California............. ... ... ... $ 44 $ 64 $117 $144
Florida............. .. ... i .. 95 116 116 166
Minnesota. . .......... ... . e 5 5 5 5
TeXaS. . oot 108 260 316 361
WISCoNnSin. . ... 7 7 7 7
Subtotal®. . ......... .. 259 452 561 683
Other specific long-haul coal shipments 435 435 435 435
Total ... $694 $887 $996 $1,118

‘These shipments pertain to the case studies described in chapter IV.
*Other specific long-haul coal shipments are those identified in chapter IV amounting to more than 5 m i | lion tons per Year

over distances greater than 500 miles. They represent a portion of all utility steam coal, and they tend to come onstream by

1985 and not increase much beyond that time.
Source: IR&T.
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Leasing

For tax and accounting purposes, there are
obvious differences between direct invest-
ment, e.g., purchases of cars and locomotives,
compared with | ease/rental arrangements.
Direct investment purchases are financed
through either debt or equity. Debt service
charges, i.e., interest and amortization, come
out of net railway operating income. Equity-
based purchases, on the other hand, are
financed out of retained earnings or stock
issues on which dividends are paid, with both
retained earnings and dividends coming out of
after-tax net income. If equipment and track
are leased or rented, the expenditures come
from net railway operating revenue. The actual
choice between direct purchase versus rental/
leasing is complicated by tax, risk, return on
investment, and capital market considerations.
Since the investment and capital issues ad-
dressed in this study mainly concern the need
and ability to generate sufficient funds to
maintain and expand rolling stock and way
and structures, it was assumed that the annual
cost to the railroads of providing appropriate
capital stock via leasing is roughly equivalent

to the cost of direct purchase.

The capital requirements determinations
have not included investments in loading and
unloading facilities. These are usually shipper-
and receiver-owned. Shipper-leased equipment
is also excluded. These both represent a trans-
portation-related cost to society in that they
absorb real resources, even if not directly paid
for by the railroads Financing ownership of
unloading facilities may be easier for public
utilities than for railroads. The former often

have more favorable access to capital mar-
kets, and are guaranteed a specific rate of
return on investments by public utility com-

missions. Likewise, major shippers that provide
their own loading facilities may be able to ob-
tain capital at a more attractive rate than the
railroads. The growth in ownership or leasing
of rolling stock by the shippers, and in the case
of utilities by the receivers, has reduced
capital requirements for the railroads. This has
also lowered the rate railroads can charge per
ton-mile. The advantages to the lessees of such
arrangements are dgreater certainty in availa-
bility of equipment. Full-service leases relieve
the lessees of the logistics of maintenance.

EMPLOYMENT AND COMPENSATION

Labor compensation was estimated during
specification of the operating expenditure pro-
jections, as discussed previously. The k factor
for each expenditure category allocated the
costs between labor and nonlabor shares. The
resulting labor compensation projections for
1980-2000 (in 1971 dollars) are given by region
in table A-7. Compensation in the East declines
between 1980 and 1985 because of the equip-
ment productivity gains projected, but after
that, traffic-volume increases lead to higher
levels of compensation. Compensation in the
South and West increases throughout the

period.

The compensation projections were
employed to estimate employment re-
guirements. Compensation was divided by the

average wage rate in each year to determine

total employee hours, the total hours were
divided by the average annual hours per
employee to determine the number of
employees. The average wage rate in future
years was estimated by the expression:
4.52(1 .0304)™", where 4.52 was the 1971
average railroad employee compensation in
dollars per hour, and real wages were assumed
to increase annually by 3.04 percent. The
average annual hours per employee in recent
years has been 2,440 hours, which includes the
effect of overtime. Using these two factors and
the compensation estimates of table A-7,
regional estimates for Class | railroad employ-
ment were obtained for the period 1980-2000.
These employment estimates are presented in
table A-8.

A decline in employment is observed
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Table A-7. Class | Railroad Labor Compensation Projections, 1980-2000

(Millions of 1971 dollars)

1980 1985 1990 1995 2000
EAST
Maintenance of way and structures . .. $ 303.99 $ 319.32 $ 333.05 $ 347.71 $ 367.62
Maintenance of equipment . ......... 378.96 334.70 345.59 356.84 368.08
Nonmaintenance expenditures. ... ... 1,159.45 1,080.55 1,159.85 1,246.05 1,337.01
Total . ... 1,842.40 1,734.57 1,838.49 1,950.60 2,072.71
SOUTH
Maintenance of way and structures . .. 215.93 260.05 305.88 362.06 433.64
Maintenance of equipment . ......... 252.93 273.41 331.76 402.56 487.96
Nonmaintenance expenditures. ... ... 608.58 682.18 847.63 1,054.15 1,309.31
Total . ... 1,076.90 1,215.64 1,485.27 1,818.77 2,230.91
WEST
Maintenance of way and structures . .. 533.15 685.20 794.68 916,17 1,069.33
Maintenance of equipment . ......... 635.77 666.46 784.11 922.63 1,084.43
Nonmaintenance expenditures. ... ... 1,634.39 1,778.62 2,148.87 2,598.47 3,138.17
Total . ... 2,803.31 3,130.28 3,727.66 4,437.27 5,291.93
NATION
Maintenance of way and structures . . . 1,053.07 1,264.57 1,433.61 1,625.94 1,870.58
Maintenance of equipment . . . . ... ... 1,267.12 1,274.57 1,461.51 1,682.02 1,940.47
Nonmaintenance expenditures. . . . . .. 3,402.40 3,541.36 4,156.36 4,898.68 5,784.50
Total . ... $5,722.59 $6,080.50 $7,051.48 $8,206.64 $9,595.55
Source: IR&T.
Table A-8. Class | Railroad Employment Projections, 1980-2000
(Thousands of people)
1980 1985 1990 1995 2000
EAST
Maintenance of way and structures . . . 21.05 19.04 17.09 15.36 13.99
Maintenance of equipment . . .. ... ... 26.24 19.95 17.74 15.77 14.00
Nonmaintenance expenditures. . . . . .. 80.29 64.42 59.53 55.07 50.87
Total . ... 127.58 103.41 94.36 86.20 78.86
SOUTH
Maintenance of way and structures . . . 14.95 15.50 15.70 16.00 16.50
Maintenance of equipment . . .. ... ... 17.48 16.30 17.03 17.79 18.57
Nonmaintenance expenditures . . ... .. 42.14 40.67 43.51 46.58 49.81
Total . ... 74.57 72.47 76.24 80.37 84.88
WEST
Maintenance of way and structures . . . 36.92 40.85 40.79 40.48 40.68
Maintenance of equipment . . .. ... ... 44.03 39.73 40.25 40.77 41.26
Nonmaintenance expenditures . . ... .. 113.18 106.04 110.30 114.83 119.39
Total . ... 194.13 186.62 191.34 196.08 201.33
NATION
Maintenance of wayand structures . . . 72.93 75.39 73.59 71.85 71.17
Maintenance of equipment . . .. ...... 87.75 75.99 75.02 74.33 73.83
Nonmaintenance expenditures. . . . . .. 235.61 211.14 213.34 216.48 220.07
Total .. ... 396.29 362.52 361.95 362.66 365.07

Source: IR&T.
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throughout the forecast years in the East, and
between 1980-90 in the South and West. This
phenomenon is directly traceable to the car-
loading assumptions used to derive the freight
car miles. Car productivity was projected to
grow quite rapidly through 1985, then to
slacken off between 1985 and 2000 as physical
limits to car and track capacities are en-
countered. Thereafter, even though labor pro-

ductivity assumptions are positive, i.e.,
assumed to grow at 2.91 percent compounded
annually for maintenance of way and struc-
tures, at 2.88 percent for maintenance of
equipment, and at 2.34 percent for non-
maintenance expenditures, an overall increase
in railroad employment is projected in each
region.

TAX FORECASTS

Projections were made for payroll, State,
local, and Federal taxes. The payroll tax pro-
jections were obtained from the labor compen-
sation projections, assuming an increase in ef-
fective tax rate from 15 percent in 1976 to 17
perc ent in 1980 and 0.30 percent in 2000. The
resu lts are given in the following table:

PAYROLL TAX PROJECTIONS
(Millions of 1971 dollars]

1985

1980 1990 1995 2000
East 31321-  381.61 44124 52666 62181
South 183.07 267.44 356.46 491.07 66927
West 476.56 68866 894641,198061,58758
USA 97284 1,33771 1,692.36 2,215 791,87866

The Railroad Revitalization and Regulatory
Reform Act of 1976 specifically prohibits the
continuation of discriminatory tax practices
against the railroads, which have often been
taxed more heavily than other taxpayers in
equivalent legal circumstances. Balanced
against this presumed downward pressure on
State and local taxes, especially property, fran-
chise, and public utility taxes, is the weight of
history during which taxes have been growing
as a percent of assets, income, and revenues.
State and local taxes are, on balance, not ex-
pected to change very much from their present
relationships with operating income. Regres-
sions testing several potential explanatory

variables for State and local taxes on Class |
railroads resulted in the hypothesis that only
about 40 percent of these taxes were operating
revenue-dependent For lack of better informa-
tion, State and local income taxes were pro-
jected to be about 1 percent of net operating
revenue (the difference between operating
revenue and operating cost) while other State
and local taxes were projected to remain con-
stant in real terms over time. The composite
result is shown in the following table for State
and local taxes, by region, over the 1980-2000
time period,

RECIONAI STATE AND LOCAL
RAILROAD TAX PROJECTIONS
(Millions of 1971 dollars)

1980 1985 1990 1995 2000
East 12318 126.50 12880 131.51 135.02
South 5740 67.16 75.17 87.93 10345
West 191 52 20818 225.44 145.94 272.83
U S A 372.10 401.84 429.41 40538 511.30

The marginal effective Federal tax rate ac-
tually applied to railroads seems to be approxi-
mately 25 percent, and the 1969-72 average ef-
fective rate was considerably lower, ranging
between 13 and 20 percent. Federal taxes were
calculated on the basis of a tax rate of approx-
imately 20 percent for the scenarios employed
in the present study.
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