V MAXIMUM CREDIBLE SYNTHETIC FUELS IMPLEMENTATION SCENARIO®

A. Purpose and Assumptions

As a device to uncover and elucidate the maximum lmpact situation,
a sceharic was prepared that attempts to depict the maximum rate at
which a synthetic fuels industry could be deploved. Examination of the
maximum impact situation was selected so that the adVefse and bencficial
conséquences would stand out in boldest relief, and, as a result, deci-
gion makers might better perceive factors that might eritically impair

deployment of the industry.

The Maximum Credible Implementation (MCI) scenario assumes, for
purposes of impact analysis; that all fuel conversion activities will
oecur c¢lose to the mines. While the nature of the oil shale resource
requires this assumption (because the aquantities of raw ore are so large
they cannot conceivably be transported long distances economieally),
coal eould be shipped long distances from the mine for conversion.
However, to allow procesging facilities to be distant from the resource
would introduce a complex multitude of options that are beyond the scope

of this study.™

A key underlying assumption, of course, is thalt there is an eco-
nomic incentive for the industry to develop., This necessarily means

that the fuels can he produced at a profit and yet be sold at prices

*A subseguent study at SR1, funded by the Energy Research and Develop-
ment Administration (FRDA), is addressing remote siting options for
coal conversion facilities.
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competitive with imported natural pgtroleum. It 2lso is assumed that,
once begun, there is a continuing incentive to deploy the technology.
Since such a climate does not now exist, the scenario is not a& predic—
tion of fhe industry that will develop but is merely an outline of a

plausible situation.

The rate of industrial deployment depicted in the MCI is determined
mainly by presuwed physical, economic, and business risk limitations
rather than by adversc impacts. Of course, adversc impacts will exist.

Their analysis constitutes much of this report's substance.

There are several very important aspects of the MCI that must be

emphasized hecause théy strongly affect the analysis that follows:

e The 10-million B/D (1.6 million m®/D) of oil equivalent energy
of the MCI cannot, alone, substitute for the 18-million-B/D
(2.9 million n®/D) imports projected under the HG3 scemario
discussed previously (Figure 2).

& The MCI is heavily skewed towards the Rocky Mountain and
Northern Great Plains regions of the country for two reasons:
First,'the coal and oil shale resources are most abundant
there. BSecond, the pature of the deposits and the pattern of
government ownership of western resources greatly facilitate
acquisition of the reserves needed to guarantee a plant's
lifetime operation.

® Tor coal-derived syncrude to be economically competitive with
imported oil, the coal resources used must be low in cost and
this greatly favors use of western coals amenable to strip
or open-pit mining.

B. . The Sceénario

Tahle 1 (Section IIT) showed the building block sizes and their
resource requirements for each technology. Table 7 depicts the MCI fuel

production schedule, and Table 8 gives a schedule of the cumulative in-
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puts (in 5-year intervals). Table 9 summarizes the synfuel output by

regions of the United States and reflects several variahles:

¢ Ilocation of fossil reserves (Table 10)

® Current state or regional political sentiment towards mining
and synfuel production (because these will affect the siting
of plants in the next decade) .

¢ Institutional barriers such as the ability to acquire enough
coal resource to supply a plant for its lifetime.

Table 7

MCI SYNFUEL PRODUCTION SCHEDULE
(Million B/D)*

(Source: Table 6-1)

Year
1980 1985 1820 ° 1995 2000

Syncrude from oil shale 0.1 0.5 1.5 2.0 2.0
Mcthanol from coalt 0.05 0.3 1.0 2.5 4.0
Syncrude from coal 0 0.08 0.5 1.5 4.0

Total 0.15 0,89 3.0 6.0 10.0

*10° B/D is about 1.6 x 10°m®/D.
+0il eguivalent energy.
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Tabhle B

MCI CUMULATIVE RESQURCE INPUTS

(Sources: Tables 6-4, 6-5, 6-6)

Year
1980 1985 1990 1995 2000

Congtruction . . Cumulative Amount
Capital (billions of 1873 §) 1.34 7.90  26.5 54.5 89.2
Labor (10® man-yrs) _ 12.9 38,1 257 593 973
Steel (10% tons)™ 0.19 1.15 3.91 8.5 14.2
Site (103 acres)T 1.6 9.9 34.1 77 132

Operation - Annual Amount
Coal (million tons/yr)¥ 13 94 350 920 1760
0il shale (million tons/yr)¥ 54 270 810 1080 1080
Water (10° acre~ft/yr)§ 31 196 685 1505 2880
Electric power (10° MW) 0.27 1.58 4,95 10.5 14.0
Labor (10° people) 2.6 17.9 50.5 100 162

*10% tons is about 907 X 10° xg.

$10° acres is about 4.05 ¥ 10%n®.

£10° tons/yr is about 907 x 10° kg/yr.
§10% aere-ft/yr is about 1.2 X 10%m® /yr.
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Table 9

MCI REGIONAL DISTRIBUTION OF SYNFUEL PRODUCTION
(10°-B/D o0il equivalent)®

{Source: Table 6-3)

Year
1980 1985 1990 1995 2000
Coal
Wyoning 0 0,06 €¢,39 0,99 1,95
Montana 4] 0 0,08 0.58 1.6
North Dakotfa 0.025 0.125 0.275 0.650 1.05
New Mewxico 0 0.05 G,15 .20 0,20
Illinois 0 0,08 0,33 0.78 1.4
Kentucky 0,025 8,075 0.205 0,48 0,90
West Virginia 0 0 0,08 0.18 0.45
Ohio 0 0 0 0.15 .45
0il Shale
Colorado 0.1 0.5 1.5 : 2.0 2.0
Total 0.15 0.89 3.0 6.0 10.0

*10%° B/D is about 1.6 x 10°w®/D.

35




Table 10

STATES AND REGIONS WITH STRIPPABLE COAL RESERVES
SUFFICIENT TO SUPPORT A LARGE SYNTHETIC FUELS INDUSTRY

{Source: Table 6-8)

Number of 100,000-B/D

Strippable Plants Sustainable
States Reserves for 20 Years
and Regions (10° tons)* at 20 X 10° tons/year

Montana 43 : 110

Wyonming 24 60

North Dakota 16 A0
Illinois/western

Kentucky 16 40

West Virginia/

eagstern Kentucky 8.7 22

+10° tons is about 907 X 10° kg.
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VI IMPLICATIONS O¥ THE MAXIMUM CREDIBLE
IMPLEMENTATION SCENARIOQ

The MCI has many implications for U.S. soeciety, institutions, and
environments., The seven areas that the study team judged were most im-
portant because of their magnifude or the breadth qf their impact are
discussed individually below, Although the discussions that follow
imply that these categories are independent, there are, in fact, many
cross~links in the impacts, ¥For example, in the arld West, the avail-

abllity of water is linked with the socioeconomic effects on communities,

A, Impact Issues

1. Industrial Decision Makingg’ re

Industrial decislons to deploy commercial~seale synthetice
liguid fuel plants are obviously necessary to achieve the level of pro-
duction hypothesized in the MCI scenario--unless the federal government
decides to develop an enormous nationalized synthetic fuels industry.
‘Since only the petroleum industry is well-positioned to develop and
intégrate synthetie liquid fuels into its business, the perceptions of
the future held by major oil companies and their perceived available
decision options become crucial to the future shape of the synthetiec

liguid fuels industry.
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Several commonly held misconceptions about the oil industry
are relevant to the future of synthetic liquid fuels. The first mis-
conception is that there is a single "price' for crude oil in the world
market determined by balancing supply and demand, Ever since the OPEC
cartel set artificially high world prices for crude 0il, the market
place has not determined price. Moreover, even without OPEC, therc
would he a variation in the price asked for erude oils because of the
variations in quality of oils, For example, because of air guality con-
trols, the sulfur content of crude oils used for burning is a very im-
portant determinant of price. In addition, U.8. oil ﬁrices are regu-
lated by the federal government.* Interventions by the federal govefn—
ment greatly complicate the process of corporate decision making because
the stability of the regulations is uncertain. Similarly, the institu-

tional stability of OPEC and its oil prieing policies is uncertain,

Another misconception about the oil industry is that there is
a single "costd of producing crude oil with which the cost of syncrudes
might be compared. In reality, domestic oils are produced at a wide
range of costs that depend on such things as the difficulty of drilling,
ease of extraction from the field (self-pressured or pumped), the rate
of prodﬁction, and rents or royalties. In genaral, the lounger produc—
tion continues in.a field, the less favorable recovery becomes. There-
fore, the operating costs of production generally increase with the age

of a field, 1Tn the United States there are hundreds pf thousands of

#In an effort to hold down costs to the consumer, oil produced ifrom
wells in operztion befere 1972 is called "old” and subject to a price
ceiling, while o0il produced from wells not in operation in 1972 is con-—
sidered "'mnew" and can be sold at uncontrolled prices. Additionally, a
program of "entitlements’’ designed to spread among refiners the effects
of high cost imporied oil is in effect. Thege definitions have been
changed several times through legislation,
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so~called stripper wells producing at a rate of less than 10 B/D
(1.6 m®/D); many of these wells represent last efforts to recover oil

from old fields by comrveniional meansg.

Compared with {he small range in market prices for crude oil,
the range in production cosls is very large--from just tens of eents per
harrel for Saudi Arabian o0il {0 many dollars per barrel for most domes~
tiec oils. Of course, a2 company ceases production frﬁm any given well
when its production costs equal the price it could bring on the open
market because this would be a zero-profit situation; For a similar
reason, bkecause the oil industry believes that oil shale and coal syn-
crudeé will cost more to produece than it would cost to purchase even

high cest OPEC o0il, they refrain from starting syncrude production.

Te illustrate how oil companies compare syterudes with their
other options, Figure 5 shows the relationships among crude oil costs
and prices and the exﬁected syncerude costs in 1973 before the Arab em-
bargo and Figure 6 shows thé relationships after the Arab embargo, with
syncrude costs still uncompetitive, but less so than previously, The
cross-hatched area in Figure 6 represents possible conventional erude
production activities that were previously unprofitable but which would
now be profitable;* the dotted area represents the new conventional
crude activities that should still prove more profitabie than syncrude

production if the world price of oil were to rige further.

Since decision makers in the oil industry see so many conven-
tional c¢rude oil options still available ihat are more attractive than
syncrudes, it should come as no surprise that oil companies do not build

syncrude plants. Moreover, the possibilities encompassed by the dotted

¥As long as OPEC kept its price up.
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and cross-hatched areas in Figure 6 are so large and so unknown (because
their previous unprofitability had led to their neglect) that oil com-
pany decision makers must consider several major uncertainties:

# The aectual amounts of oil that can be found and produced

at costs less than synerude (eross-hatched area of
Figure 6),

® The rate at which world petroleum prices might rise com-
pared with the time it takes to go from exploration to
production of syhcrude,

® The time when syncrudes might be less costly than OPEC oil.

¢ The possibility that OPEC might reduce prices, again ren-
dering some of the new alternatives uneconomic.

® The question of whether U.3. energy poliey will remain
stable enough to accept the risk of produecing high cost
crude oils.
These sobering considerations appear to lead 0il companies to continue

to study synfuels but to refrain from starting construction on actual

plants.

| There is one final and fundamental uncertainty. The opportuni-
ties for oil expleration and production raised 1n the cross-hatched and
dotted area of Figure 6 are uncertaln because no bne knows the actual
amount of resources that might be located and produced in that price
range. By contrast, the production of the syncrudes is certain once a
plant i= built, but the majof uncertainty lies in the actual cost of
coﬁstructing and operating the plant for these commercially untried

proccsses,

2. Capital Availability®

The MCYI implicitly assumes that once the synthetic liguid fuel
industry becomes profitable, deployment on a large scale could bhe fi-

nanced, Industrial investment is normally financed either through
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retained earnings oy in the national capital market through the instru-

ments of stocks, bonds, and loans.

The assumption that the existing petyoleum industry could raise

the $89 billion (1973 dollars) cumulatively required to the year 2000
during a gradual transformation of itself into a synthetic liquid fuel
industry requires scrutiny. The marshalling of such a large amount of
capital must be appraised not only with respect to the industry's fi-
nancing ability.but also with respect to its implied share of total U.S.
capital formation,. Although financing the synthetic liguid fuels 1n@us—
try stood out as a potentially very critieal obstacle, it appears that

the nation could accomplish it readily.*

The proper analysis is 3n terms of the oll industry cash flow.
it must be recognized that eacﬁ profitable synthetic fuels plant would
generate retainable earnings that could be used to finance more plants,
In fact, because the future conventional petroleum industry will itself
become increasingly capital intensive,* adding the financing requirements
for the MCI to the future Ifinancing requirements for the conventional
petroleum industry does not change the situation greatly. This finding
is demonstrated in Figures 7 and 8 for an economy with a general annual
rate of inflation of H percent. Figure 7 shows the expected cash flow
gituation for a future oil industry based on cdnventional petroleum
alone, while Figure 8 shows the cash flow situation for an evolving
combined conventional-plus-synthetic petroleum industry.? In both ligures,

much of the growth shown arises from the inflation alone (at a S-percent

*Presuming that the industry can be made profitable{ an unprofitable
industry would be impossible to finanes.'©

+Toward the end of the century domestic sources of petroleum will prob-
ably have capital investment requirements comparable to that of the
synthetic liguids industry.3 '

¥The petroleum industry implied by HG1 plus the synfuels industry of
the MCI scenario.
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inflation rate, the general price level doubles roughly every 14 years),
As Figures 7 and 8 show, the industry cannot finance itself from cash
flow zlone and new eapital must be attracted each year, This continued
need for new borrowing is caused by the inflation because depreciation

eredits accrue in dollars of diminished purchasing power that cannot

getually finance plant replacement. In the year 2000, the combined
industry requires ahout $9.2 billion in new borrowings compared to the

conventional petroleum industry's requirement of $2.2 billion,

In the early 1970s, the petroleum industry constituted about
9 percent of.total U.8. fixed business investment, but under the MCI,
by 1995 the combined natﬁral and synthetic oil industry percentage would-.
double., Given the two decades to adjust, it geems 1ikely that the U.S.
economy could accommodate to this increased fraction of buginess invest-

ment belng made by the fuels industry.

3. Resource Depletion6

Table 10 shows that if liguefaction and methanol synthesis were

* could

the sole uses of coal, the demonstrated strippable reserve base
sustain about 270 synfuel plants, each producing 100,000 B/D (16,000 n®/D)
for their assumed Z20-vear lohg economic 1ifetimes. 8ince the coal derived
fuel production of the MCI would reduire 80 such plants in operation in
the year 2000, the indugtry could be sustained at that level for only
ahout 70 yeérs on strippable coal reserves. However, if the very sub-
gtantial increases in coal consumption expected for coal gasifieation

and electricity generation are also considered, then the strippable coal

reserves of Table 9 would last only about 40 years. This implies that

*Estimated in 1974 by the Bureau of Mines. This estimate is optimistic
beecause it includes inferred but unproven resources.
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a massive shift to the more expensive, more dangerous-to-mine underground
reserves would be necessary early in the twenty-first century if the
synthetic fuels industry were to continue.

4, Water Availability*®:?°

a, Legal Situation

In the states east of the Mississippi River identified
as candidates for hine-mouth gsynthetic liquid Zfuel plants (Table 5),
precipitation is high and fairly evenly distributed during the year.
There are many streams and large rivers., In those states ample water
appears to be available to supply the needs of the water-intensive syn-

thetic liquid fuel conversion plants.BO

The use of watcr in the water-rich easternh states is
governed by riparian law (stemming from Engiish common law}, Under
riparian water law, rights to water are attached to the lands through
which or by which a stream flows., There are complex rules concerning
the transferring of water (from legally entitled lands) to other uses
(such as cities not situated on the streams). However, the abundance
of water in the East has generally left administration of the law flex-
ible and without even an entmeration of claimants and the basis of their

r_igh'l:s.::’O

In contrast to the East, the states df the West consid-
ered in Table 9 are arid, and precipitation is highly seasonal, As a
result, an entirely different approach to water rights has evolved in
which use of water is governed by the appropriation system., Under this
system, there are no riparian water rights; instead, the first claimant
to water is entitled to it, although he is often reguired to demonsirate
his claim by removing and using a certain amount vf water in a streanm,

Beecause this system does not require the claimant to possess lands near
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the stream, the water is often conveyed long distances in water works

before being used,”

Whilc the appropriation system establishes the basis for
a record—keepiné procedure and a means to ascertain ownership of water
rights, in actuality, the situation 15 mot so simple. Besides problems
of inadequate records, there is uncertainty about_the relative rights to
water held by the federal government, the states, and the Indian ftribes

who reside in the West.

In the aggregate, there is enough water physically pres-
ent in the West for the MCI, but it is almost slways in the wrong place
and the rights to it are disputed. As a result, the understanding,
_untangling, and resolution of the institutional issue of water avail-
ability in the western states is a critical issue in the development of

a synthetic liguid fuels industry.

Because ahbout 50 percent of land in the affected western
states is in the federal domain, much of the water flowing in western
rivers originates on federal land. Potentlally, the federal goverhment
can assert claim to this water because it was never transferred to the
states when they were created out of the federal domain. Since federal
law takes precedence over state law, this could render previous alloca—

tions under state law cffectively invalid.

Indian water rights are also a central issue because there
are two (still untecsted) theories of Indian water rights. The first is
that the Indians possess native rights to the water by'virtue of being
the first inhabitants of the land. The second is that when the federal
government crecated the Indian reservations hy treaty, the Indians were
also accorded water rights (but of uﬁcertain quantity). Beth theories
give Indian rights priority over most other claimants because they are

older than nearly all other claims.
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Since Indian water rights, at worst, derive from a treaty
with the federal governﬁent, they take precedence over state rights,.
', Conseguently, many existing and relatively recently acquired water rights
may be rendered useless even though the claimants adhered to all ithe state's

formal procedures for establishing claims.

Although, from the above discussion, the federal govern-
ment and the Indians would seem to be dominant in the water picture of
the western states, historiecally it ia the states that have played the
major role as digbursers of rights. The roles of the federal goverument
and Indians are only now rising to the fore. Most states have permit
sysfems for allocating water within their borders, but Colorado did not
institute its permit system before the Colorado River was over-allocated.
The discrepancy between physical and legal availability in the Colorado
River has not yet become imporiant generally only because many rights go

unused or only partially used.

In addition to administering water within their borders,
western states are parties to interstate compacts that divide the waters
in major rivers among the states for further allacatiqn 1o users within
their borders.

b, Water Quantities'®

Table 9 showed major development in three states of the
upper Missouri River basin. As shown in Table 11 the water needed in
these states to support the MCI in the year 2000 is about 1,39 million
acre-ft per year for both mines and conversion plants. Other demands
for water are also expected to grow, including a reservation for mainte-
nance of in-stream values, These other demands are expected to total

2.89 million acre—-ft per yvear as shown in Table 12.
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Table 11

NORTHERN GREAT PLAINS SYNTHETIC LIQUID
FUEL WATER DEMANDS IN THE YEAR 2000

(Sources: Tables 6-3 and 19-7)

Quantity
State (10° acre-ft/yr)*
Wyoming 0.584
Montana 0.479
North Dakota 0.326
Totalf 1,390

#10% acre-ft/yr.is about 1.2 X 10°m® /yr.
+Total does not add due to rounding.

Table 12

NORTHERN GREAT PLAINS® PROJECTED ANNUAL
CONSUMPTIVE USE OF WATER IN THE YEAR 2000

{Source: Tahle 19-6)

Quantity
Use (10° acre-ft/yr)?’
Coal gasification and
electric power generation {.820
Revegetation 0.031
Municipal 0.014
Agricultural 1.900
Fishery babitat and
wildlife improvement (Q,.320
Total® 2,890

*Wyoming, Montana, North Dekota.
$10% mcre-ft/yr is sbout 1.2 X 10%a®/yr.
$Total does not add due to rounding. .
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When compared to the 5,97 million acre-ft per vear
(7.4 billion m?/yr) unallocated and avallable (measured at Siocux City,
Iowz) in low water years, one can conclude that there is more than ample

water to meet all fulure needs in the basin in the year 2000,

While there may be ample water on a multistate basis, the
local ocecurrence of water does not mateh the distribution of coal and
lignite in these states. As a result, on a local and regional level,
if the MCI were to he implemented with mine-mouth plants, there would
he severe water shortages and shortfalls unless new storage facilities
and aqueducts were built to redistributelthe water. Such redistribution
could often involve existing federal water storage reservoirs eonstfucted
hy the Bureau of Reclamation, However, nonagricultural use of water in
these reservoirs is being challeﬁged because the Bureau of Reclamation's

enabling legislation specifies that its work should henefit agriculture.

In Colorado, the availability of water for the oil shale
conversion component of the MCI is lese favorable. Sihce it would be
vastly too cxpensive to.transport 0il shale out of the basin for conver-
sion and disposal, the conversion industry must either secure water from
the Colorado River or develop the still largely unmeasured ground water
sources. In the year 2000, oil shale conversion plants under the MCI
scenario would use 0,321 million acre-£ft per year (400 million m®/yr)
while other demands are expected to total 6.14 million acre-ft per year
(7.6 billion m°/yr) as summarized in Table 13, Howecver, the Colorado
River Compact* allots only 5.8 million acre-ft per year (7.2 hillion

m? /yr} to the upper Colorado River Basin in which the oil shale lies.

Future withdrawals for any purpose will exacerbate the

already high salinity of the lower Colorado because it will mean less

*A compaet among Wyoming, Colorado, Utah, New Mexico, Arizona, Nevada,
and Californiz.
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flow to dilute salty return flows in the lower basin. Water delivered to

Mexico ig already too saline and desalting plants are planned to honor
U.S. obligations to Mexico.
Table 13
PROJECTED NON-0OIL SHALE WATER DEMAND IN THE
UPPER COLORADO RIVER BASIN IN THE YEAR 2000

(Sources: Chapter 19 and Table 19-10)

Quantity
Use (10° acre-ft/yrm*
All existing 3.710
Future
Coal gasification 0,140
Electric power generation 0.475
Mineral production 0.115
Municipal 0.750
Agricultural ' 0,800
Environmental protection
{fish, wildlife, water quality) 0.150
Total 6,140
*

10° acre-ft/yr is about 1.2 x 10’ /yr.

The cost of water is only a very minor component of the
total cost of producing syncrude from oil shale. As a result, the oil
.shale industry could easily afford to pay much more for water than could
agriculturﬁl interests without there being a significant effeect on the
cost of their product. By contrast, most agriculture in the region,
which is dependent on irrigation, requires low cost water to produce
crops at competitive costs, Agricultural interests in the Upper Colorado
Basin are concerned that enough political pressure will develop in favor
.of oil shale to force future allocations of water away from farming and
ranching to the synfuel industry, partly on the basis of the willingness

of the fuel industry to pay a high price. Water allocations governed by
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the willingness to pay for water would certainly result in the diversion
of water from agriculture to the oil shale industry--at least for future
allocations. It is not apparent, howeﬁer, that existing agriculfure
would necessarily lose water bhecause 4 million B/D of oil shale syncrude
{(twice the MCI) could be produced with 0.8 million acre-ft/year (1 bil-
iion m®/yr) of water ldentified in Table 13 as needed for future growth

in agriculture.

c, Transport of Coal to Save watert®

Unlike oil shale, coal can be shipped economically to
water-rich areas for conversion., The two methods of coal shipment po-
tentially most appropriate for western ecoal are unit trains and coal

slurry pipelines,.

A unit train is a train dedicated to a single use; it
shuttles back and forth between the source of its eargo and end use
locations. A unit train that carries coal from mine to processing point
typically consists of 100 cars, each capable of carrying 100 tons (9.1 X
10% kg) of coal. Even though the train returns to the mine empty, such
10,000-ton (9.1 X 10° kg) unit trains are the cheapest method of moving

eoal by rail.

Coal slurfy pipelines are relatively recent developments.
The largest in the U.,S, is a 273-mile (440 km), S-million ton per year
(4.5 billion kg/y) pipeline that links the Black Mesaz mine in Arizona
to the Mchave Power plant on the Colorado River in Nevada. In the for-
mation of a slurry, Ffinely crushed coal is mixed with water in about
50~50 proportions. The mixture can be pumped readily through a pipeline,

At its destination, the ceal is dewatered in centrifuges.

Slurry pipelines require only about one half as much water

per ton of coal as a coal liguefaction plant. Thus, by exporting coal
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fyom & mine by slurry pipeline to the location of a coal liguefaction

plant elsewherse, the water demand in the mining region is reduced by
half. HRailroads, of course, require almost no water in the mining

region.

Both railroads and slurry pipelines have advantages and
disadvantages. The advantages of railroads include the ability to phase
-in inecrementally, flexibility of routes, and existing facilities. The
disadvantages of railrvoads include the susceptibility to labor disputes,
disruption to crossing auto traffic, and noise. The advantages of glurry
pipelines include high reliability, emall labor force, immunity to
weather, ability to traverse more rugged terrain than can railroads,
aesthetics of being placed underground; and the movement of coal for
" less money and energy cost than that entailed in rail transport. The
disadvantages of slurry pipelines include fixed route, restriction to

gsingle product, and exportis of water from water-poor regions.

Currently there is controversy about the relative desira-
bility of slurry pipelines and railroads for coal transport. Railroads
gencrally oppose slurry pipelines because they want the coal hauling
business themselves. Since slurry pipelines would usually have to crosé
rallroad rights of way, the railroads have been refusing to grant cross-
ing rights. Congress is considering bills that would grant slurry pipe-
lines powers of eminent domain to enable them to cross railroad rights

of way.

Although, as presented here, the question of the use of
slurry pipelines for coazl shipment is centered on the issue of water
availability, it is easy to see that the question guickly broadens to
include the future viahility of railroads and their value to society

above and beyond hauling coal.
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5. Economie¢ Spin-0ff Effects'’

The deployment of a synthefic liquid fuels industry will natu-
rally affect many supporting industries and the laborlmarket. The
industrial sectors that will be most affected by the mining of the fos-
s8il resources, their transport, and the construction of conversion fa-
cilities are steel (raw and finished speeialty goods), raillroads, explo-
sives and heavy enuipment. BSuch industries are héavily concentrated in
Itlinois, Indiana, Ohio, Michigan, and Pennsylvania, Thus, although the
development of 2 synthetic liguid fuels industry might be heavily con-
centrated in the resource-rich states of the West, substantial economic
and employmeht spin-offs would result in the states with the heavy sup-
port industry. Figure 9 shows the geographical concentration of this

economic spin-off.

éteel needed to support the MCI would result in the chergy
industry gradually increasing its share of the total stecel produced in

the United States from about the current 7 percent to about 11 percent.

While the gross figures for steel availability do not suggest
problems, the availability of specialty steels, ecastings, forgings, and
special equipment such as mining draglines, compressors, and pumps will
quite likely present a bottlenepk because lead times are already long in
the-fabrication industries and they cannot expand capacity rapidly. Cur-
rently, there are only one or two suppliers for some items, 1In addition,
coal liquefaction, o0il shale, and methanol facilities require large pres-
sure vessels made of special steels and will have to compete for these

vessels with the expanding coal gasification and nueclear power industries.

Although the MCI assumes conversion facilities near the mine,
transportation of the coal to distant locations is sometimes considered.
Railroads presently carry 78 percent of all coal to market, and this

amounts to 20 percent of all rail traffic. If the MC& coal were all
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transported by rail for conversion far from the mine, over 300,000 more
hopper cars would be required, and this exceeds the expected production
capacity for such cars. These cars also require castings and forgings

adding vet another strain on this component of the steel indusiry.

G, Environmental Effects

a, Reclamation of Coal Strip Minesgt®,1®

Mining of both coal and oil shale presenls severe envi-
ronmental problems that cannot be alleviated simply. As noted earlier,
the high production cost of synthetic liguid fuels from coal will neces-
sitate the use of the cheapest possible coals-~those obtainable by strip

mining.

Strip mining for coal reguires different eguipmeni and
procedures in different regions of the country because of the variation
in the nature of the coal deposits. In Appalachia, strip mining takes
place along hillsides where thin seams of coal outerop, Extraction of
such coal entails digging into the hillside until the thickness of the
overburden becomes so great that its removal precludes ccohomical recov-
ery of the coal. For many years, after the overburden was removed it
was mevely pushed down the hillside away from the mining activity and
abandoned. As a result, the many mined-out hillsides in Appalachia are
badly scarred with the highwails, benches, and downslopes spoil piles
{see Figures 10 and 11} as well as a multitude of poorly built, aban-
doned mine access roads., These zecars erode easily in the heavy rains

and are slow to revegetate naturally.

Today, most strip mining in Appalachia employs improved
materials handling procedures designed to eliminate much of the downslope
disturbance by returning overburden to the bench and breaking down the

highwall after the 003l has been removed, Provided that toxic spolls
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are buried deep and the best soils are replaced on the top, the disburbed
land can be revegetated. The ample moisture in Appalachia would make
revegetation and reclamation reasonably successful 1f the hillsides werc
not steep. The steep hillsides and large amount of land disturbed per
unit of coal produced makes reclamation in Appalachia cosily to achieve

and protect against eruvsion until revegetation bhas stabilized the surface.

In the Midwest, the Northern Great Plains, and parts of
the West, where coal lies near enough to the surface to allow strip min-
ing, cxtraction of the coal is much more straightforward. The overburden
is removed from a large area, coal is removed, and then the spoils are
replaced in the hole. GSince the coal underlies relatively flat terrain
in large sheets that are also generally thicker than in Appalachia, far
less area is disturbed per unit of coal removed. Indeed, in parts of
the Northern Great Plains coal, seams are 30 1o 100-ft (9 to 30 wm) thick
and mining can assume the form of an open-pit operation that resembles

gquarrying {see Figures 12 and 13).

In the Midwest, the deep soils, ample rainfall, and rela-
tively level terrain make reclamétion fairly successful whenever it is
planned as an integral component of the mining plan.. Were it not for the
arid conditions in the West and Northern Great Plains, reclamation there
would be similarly successful. However, the low and very seasonal pat-
tern of rainfall in these regions makes it difficult te reestablish sell-
susgtaining vegefation. Although somc success has been demonstrated,
there has not been time enough to insure that the new vegetation ean sur-

vive without continued human care.

Restoration of mined lands is an isgsue that has stirred
the national consciousness and has resulted in repeated attempts to pass
strict federal and state strip~-mine reclamation laws. Because of this
and the likely focus of future strip mining activities in the arid West,

reclamation of mined lands is a critical faector im the deployment of any
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significant synthetic liquid fuels industry--even ohe mich smaller than

the MCI.

b. Reclamation of Mined 0il Shale Lands®®,1®

The mining and restoration of oil shale lands is a con-
siderably different matter, The volume of oil shale that musi be handled
to produce a given guantity of synthetié crude 1s about three ftimes the
.volume of coal that would be handled for the H-cozl process (see Table 4),
Not only is the volume of material extracted and processed larger, buti
the volume of waste material requiring disposal is also vastly larger

because the volume of spent shale exceeds the volume of raw shale,

0il shale usually cccurs in deposits so thick that the
nining of it underground resembles quarrying (except under a rocf) as
shown in Figure 14. Open=-pit surface quarrying would oftem also he
suitable, In either case, in prineiple, spent shale could be returncd
to the mines once mining activities had ceased. In practice, however,
disposal somewhere elsc would be required during early stages of the
industry. Some additional disposal sites would be required to accom-—
modate the excess volume of spent (compared to raw) shale. Since o0il
shale country is heavily cut with canyons, the general expectation is to
. fill canyons with spent shale, Revegetation of this spent shale has not
been successiully demonstrated onh a large seale and over a long enough
period to be certain that it can survive after human attention wanes.
Disposal and reclamafion of spent oil shale is a critical environmental

factor.

c. Air Quality'®

By any measure, the synthetic liquid fuels plants being
considered herc arce large, heavy industrial plants and arc potential

sources of air pollutants,
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Three classes of nondegradation standards have been de-
fined by the Environmental Proteetion Agency for regions presently pos-

sessing air guality equal to or better than federal secondary standards:

£
s (Class I~-only slight degradation of air guality

# (Class I1--allows modest decline in air quality, com-
patible with light industry or carefully controlled
heavy industry.

# C(lass III--essentially eguivalent to the federal

gecondary standards,

Emissions from each of the tﬁree-processes selected for.
this study have been examined under the assumption that the best availe-
able emission control technology would be applied and that the most
relevant ambieni standards are the federal.01ass 11 "nondegradation”

standayds.

The best available controls appear to be inadequate for
a single 0il shale conversion plant (with the emission levels available
to this study]T to mect Clazs II standards. Particulates and sulfur

dioxide emissions require 85 and 72 percent more contrel, respectively.

A single coal ligquefaction plant could successiully meet
Class IT standards without additional control of emissions. However,
dispersion modeling of the air gquality impact of a complex of four

liguefaction plants in Wyoming's Powder River Basin under worst-case

*(Class I standards are so stricl that they, in efiect, preclude indus-
trial activity, and therefore essentially contradict the assumption
1hat the c¢onversion plants exist.

fRevised emissions for the TOSCO Il process have recently been released
in the draft Environmental Impact Statement for the "Proposed Develop-
ment of 011 Shale Nesources by the Colony Development Operation in
Colorade' (December 1975).
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wind conditions shows that although a single plant could meet Class II
gtandards, additional control of particulatles would be required to enable
a complex of plﬁnts to meet the standards. Since the MCI hypothesizes
about 18 plants in Wyoming in the year 2000, probably with 5 to 10 in

the Powder River Basin area, it is apparent that development and use of
improved air quality controls technology will be essential to meet plaus-

ible ambient air gquality standards.

Although it appears that a complex of well-controlled
plants would not result in air quality as bad as that foﬁnd in many
major cities, there would be major deterioration below present levels,
Since holding air guality deterioration to the level of Class II stand-
ards requires controls beyond the best available today, air guality

control represents a very important critieal factor in deployment of a
aynthetic liquid fuels industry. II states do not select their ambient
air quality standards uniformly, then the industry will tend to locate
in the areas with the least stringent standards.

d. Urbanization;v

Rapid rates of population growth in areas mnow sparselj
populated leads to the creation of boom towns in which environmental
gquality protection mcasures are usually inadegquate. Sewerage, storm
run-off, selid waste digposal, and other environmental protection facil-
ities usually cannot kéep pace with the population influx and, as a
result, environmental quality can be geriously impaired Qt the local
level. In addition, new population inereases demands for outdoor
recreation—-demands that often result in excessive hunting, fishing,
use of off-road vehicles, and vandalism of archeological or scenic re-

sources, (Social effects of boom towns are described later.)
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