22--POPULATION GROWTH CONSTRAINED SYNTHETIC
LIQUID FUEL IMPLEMENTATION SCENARIOS

By Barry L, Walton

One approach to limiting the impacts of synthetic fuels production

in a region is to ceonstrain the population growth rate of the community,

This chapter describes the preparation of scenarios on this theme and

presents several alternative scenarios,

Each synthetic fuels plant of building block size has a defined
labor force associated with its constructien and operation phases. The
primary jobholders during these phases induce additional population 1in
the area through secondary support employment znd families, The effect
ot this induced population can be treated analytically by applying an
appropriale population multiplier to the labor force of the primary in-
dustry. This process can be used to construct a populatioﬁ profile for
each type of synthetic fuels building block plant, On the basis of
these profiles, detailed scenarios projecting the population inereases
under given conditions of industrial development can be plotted for a
given region. The method can be used te construct scenarios that are

applicable Lo nearly any technology and relevant region.

To illustrate the procedure, the following pages contain a descr;p—
tion of the steps involved in constructing a fuel production schedule for
a region that is limited by 2 planned population growth rate. Sample
scendrios are given that depiet the effect of introduecing, on a planned
schedule, coallmining and coal liquefaction or methanol production in

Campbell County, Wyoming, and ovil shale development operations in

R
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Garfield and Rio Blanco counties, Colorado, A multiplier of 6.5 was

chosen for reasons explainod‘in Chapters 12 and 23.

It is important to note that the profile for a 100,000 B/D
{16,000 m3/D) coal liguefaction plant is essentially identical to a
250 million cubiec foot per day (23 million m? /D) coal gasification

plant. Thus, the method ilmmediately possesses useful generality,

Step One: A population profile for each type of facility is
prepared. Figure 22-1 shows Lhe resulting population profiles
for coal mines, coal syncrude, methancl, and oil shale build-
ing blocks., Sources of the data for the building block Iacil;
ities arc Chapters 4 and 6. The profiles in Figure 22-1
already include the effect of the population multiplier of

6.5 {assuming a constant population during each yearly inter-
val). Aggregation of the work force and thé associated pop-
ulation into the profile facilitates construction of the

sgenarios and yields reasonably realistic population profiles.

Step Two: The current population for the county or region is
astablished from cehsus data or by using population estimates
from local government pfficialsg. For this study, the estil-
mated 1875 populations for Campbell county, Wyoming (17,000},
and for Garfield and Rio Blanco counties combined (23,500)

were obtained from local planning officials.

Step Three: Annual growth rﬁtes of 2 percent, 5 percent and
10 percent compounded continucusly were applied to the cur-
rent pqpulation to determine a set of theoretical populatioﬁ
growth trajecfories for the appropriate region., Figures 22-2
through 22-10 show growth curves of Z percent, 5 percent,

and 10 percent znnual growth for the two selected areas.
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Step Four: Paper cut-outs of the building blocks from Fig-
ure 22-111aid ol the population graph made during Step Three
enable rapid construction of the final aggregate population
projection. Rearranging the cut-outs on the populétion
growth graph allows ﬁny growth rate to be easily approxi-
mated. (Use of separatelcut—outs of the construction and
aperating phases greatly aids in experimentation and in the
drawing of the final profile.) Figures 22-2 through 22-7
show a number of alternatives for Campbell county, Wyoming,
derived by this method; Figures 22-8 through 22—16 show a-
number of alternatives for Garfield and Rio Blénco counties
in Colorado. Once the start-up date for each plant is
determined for each scenarie, the net fuel production sched-
ule is fixed and can be calculated. The insets to each
figure show the fuel production schedule and water consump~
tion needs for cach scenario that were obtained by using

the fuel cutput and water requirement secaling factors from

tables in Chapter 6.

The implications of these popiulation growth constrained scenarios

are reported in Chapter 23,
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FIGURE 22-2. EFFECTS OF THE MAXIMUM CREDIBLE IMPLEMENTATION

SCENARIQ UPCON POPULATION IN CAMPBELL COQUNTY,
WYDOMING . Assumes that one quarter of all the Scenario's
devefopment in Wyoming occurs in Campbell County,

This aessumption is expected to be on the low side.
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RATE SCENARIO FOR CAMPBELL COUNTY , WYOMING
ILLUSTRATED WITH COAL LIQUEFACTION PLANTS AND
ASSOCIATED MINES . The larger sized planmis cause rapid
changes in population,

805

2000



POPULATION - thousands

1sC
180

170

160 r—
150 |-

140 [
130 -
120 |
1O |-
100
80 [

80 -

50
a0l-
30

20

3
-

10%

wl

(=]
(=4
T

SYNCRUCE - 10 B/D
-_— n
g 8
T 1

WATER — 10,000 AF/Y

[y
1975 1980 13B5 1980 1985 2000 29

Eﬁ PERMANENT LAROR FORCE

AND ASSOCIATED POPULATION
CONSTRUCTION LABOR FORGE
% AND RSSOCIATED POPULATION

{ITT} REPRESENTS CONTRIBUTION
OF MINES

30,000 B/D

30,000 B/D

30,000 8/0

30,000 B/D

1980 1985 980 - 1995
YEAR

FIGURE 22-4. MODIFIED FIVE PERCENT CONSTRAINED POPULATION
GROWTH SCENARIO FCR CAMPBELL COUNTY, WYOMING
ILLUSTRATED WITH COAL LIQUEFACTION PLANTS AND
ASSOCIATED MINES, By building onily the smaller sizad
coal liguyefaction plants, large fiuctuotions in population
can be avoided '

806

2000



POPULATION - thousdands

190

i 1 T
180
ITO |-
180
150~ 4001+ >
et
- ™
> 300+ o A
140} = <Y -] g
, 2o0b oe E;
4 o o4 L
130} 8 '°°f p2 B
Q H L 1 L Iv] ;
1975 1980 1995 1990 1985 2000 2008
120 - =
Hop -
100 - .
PERMANENT LARQR FORCE
80 | " AND ASSOCIATED PORULATION |
7 CONSTRUCTION LABOR FORCE
PGl AND ASSOCIATED POPULATION
BO}
70
8-
50 -
40r S B MINES @5 MT/Y
EMINES @5 MT/Y
30k 6 MINES @5 MT/Y |
&MINES BEMTIY e
B MINES @5 MT/Y
20 & MINES @5 MT/Y B
10+ -
0 | i L 1
1975 19BQ 1985 1990 1995 2000

YEAR

FIGURE 22-5. FiVE PERCENT CONSTRAINED PFOPULATION GROWTH
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WHIGCH ONLY COAL MINES ARE DEVELOPED, under
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23--COMPARATIVE IMPACTS OF CONTRCLLED AND
UNCONTROLLED URBANIZATION

By Peter D. Miller

A, Introduction

Grawth.and prosperity have traditionally been linked. As human
groups move beyond bare subsistence and begin tp produce more than they
consume the surplus creates a form of wealth. Specialization of labor,
industrial organization, and technological efficienc; increase productiv-
ity and thus support larger populations. The capacity to generate new
waalth,lbuilt into the process of growth, soon becomes dependent on
growth. New products and new ways of generating demand are harnessed
to the engine of growth. Jobs, firms, and entire industriés become
bound up with more and more growth. Annual increases in gross national
products and national incomes are reglstered in the contfident helief that
they mean a hetter standard of living for all. Yet many obscrvers now
doubtlwhether the traditional alliance of growth and prosperity is still

viable.

Critics of growth have made three kinds of arguments that merit the
sttention of anyone contemplating the prospect of more growth, The
first is that 'spaceship earth” has certain natural limits--of resources,
of'carry;ng capacity, of the necessilies of life--thal are rapidly being
approached at present :ates of depletion. While the capacity to generate
wealth.has indeed been increased by growth, so the second argumeﬁt goes,
conttrel of the means of production has concentrated this wealth in a few
hands, leaving many in poverty. The th;rd argument is that social costs,

negative externalities, spillover effects, and other unanticipated
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consequencas of growth have polluted air, water, and land to such an
extent as to make life unlivable,! None of these ideas is particularly
new, Malthus, the first prophet of overpopulation, was preoccupied with
natural limits., Inequitable distributions of wealth resulting from con-
Lrol of the means of proddction were, of course, a major concern of Marx
and his followers. Externalities were first identified by the economist
Alfred Marshall, 1If these ideas have acquired more cogency in recent
years, it is because the efferts they point to are visible on a loecal

as well as the global level.

The following analvsis focuses on the comparative impacts of two
levels of growth on two specific areas, the Powder River Basin of Wyoming
and the Piceance Basin of Colorado. The dynamics of growth are described
in such 2 way, however, that they can be generalized to other areas,

With appropriate modifications for technological variables, the analysis
is applicable to large-scale energy production, mining, and industrial

development in general,

B. Impact of the Maximum Credible Level of S8ynthetie Fuel Production

The "maximum credible” (described_in Chapter 6) case describes the
situation in which real-world constraints other than technieal and
physical limits are absent, It is the level of synthetic fuels produc-
tion that would be achieved if labor could be attracted in sufficient
numbers, if there are no obvious bottlenecks in the supply of steelt
pipe, and other materials, if there were no obvious shortage of capital,
if deliveries of "walking draglines,” to scoop up strippable coal were
assured as soon as they were needed, if residents of the coal nining
regions and their elected representatives had no objections to the in-
dustrialization plan, if there were no lawsuits by enviromnmenalists,
ranchers, Indians, or anyone else who could be adversely affected in

facl by the Federal Coal Leasing Program, and if world energy prices

814

-

———
h

L A1, 0 s 2P a8 e o 4 A




remained stable for the foreseeable future. The maximum credible case
is thus by no means to be construed as a prediction, hut rather as.a
theoretical upper limit to the levél of. production. 'Other factors, as
we shall see belew, begin to constrain development of synthetic fuels

long bhefore the theoretical upper limit is reached.

1. Population

Figure 22-2 in the previous chapter shows the population thatl
would- be generated in Camphell County, Wyoming, from coal liquefaction
plants, methanol plants, and ceoal mines just suificient teo fuel them
(captive mines only), according to the maximum credible 1eye1 of produc-
tion.” In Figure 22-1, it is ﬁssumed that Campbell County' would produce
onc feourth of the synthetic crude o1l produced in Wyoming, probably a
low figure. The present population of 17,000 would double by 1883,
‘triple by 1988, and increase by a factor of 7 before the end of the
century. Population density in the county, now 3.5 peoﬁle per sgquare
mile (0.74 people per kﬁg), would be 20 fto 25 (7.7 to 9,7 people per
km®) . Compared to that, the current annugl rate of 3.5 percent in the
county and Gillette's 7 percent seems leisurely. Since the county is
gxperiencing pgreat difficuliy in keeping up with the growth that has
alreadv cccurred, it would undouBtedly experience even greater diffi-
culty in the maximum credible case, It is evident that the major in- -
crements of growth come from the construction of ¢nal liquefaction and
methanol plants. The operating labor force and associated population
for a 100,000-1B/D (16,000 m?/D) coal liquefactionlplant are alsc sub-

stantial.

" Figure 22-2 shows steecp peaks and valleys for coal-related
employment. This in part results because data are presented on a year-
by-year basis, while in fact employment would be added and would taper

off more grudually. However, even if the data were presented on =z daily



basis, peaks and valleys would still exist, only with rounded corners.
In short, there would be severe discontinuities in the local economy and
the fortunes of the county would swing up and down in response to the
fortunes of the coal mining industry. With extremely large units of

production, it is almost impossible to avoeid such instability.

2. Housing

According to the 1970 eensus, Campbell County ranked second
highest in Wyoming in the proportion of its housing containing one or
more persons per room--14 percent. This proportion has probably gone up
in the intervening five years. Nevertheless, if the same ratio of dwell-
ing units to population (3.4) were maintained for future vears, the
maximum credible case would require the construétion of 5000 additional
housing units by 1985, 10,000 by 1888, and 30,000 by the end of the
century, Failurc to meet these reguirementz would result in additional
real estate speculation and extremely high rents, probably on a scale
that would drive out those who did not own property and whose wages did
not compensate for these increases, Campbell County's 1970 median rent
of $140 a month was already the highest in the state. Rents have gone
up by a factor of 2 or 3 with a 5-mile (8 km) radius of Gillette during
the last 5 years, according to the Campbell County Planning Department.
The ac¢tual limits of local growth would probably be reached well before
synthetic fuels production attained a small fraction of its maximum

technically-credible level.

3. éEQ Distribution and Schools

If present trends continued, the age distribution of the in-
coming population would be younger than average., In 1970, Campbell
County had the highest propertion of under-18 population in Wyonming,

42 percent. Its school-age population (5 to 18 years of age) was ahout
30 percent of the total in 1970, and has risen since then to about
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cone~third the total population, If that proportion remained no more.
than one-third, thelnumber of school children in 1988 would be equiva-
lent. to the eounty's present total population, in the maximum eredible
case. -The school population alone would be a medium-sized town of
40,000 by the end of the century. Classroom expenditures and school

personnel salary expenditures would be guite large.
,

4, Public Expenditures

Total county governmental expenditures, using. the correlation

2 would be over 310 million a

developed by the Bureau of Reclamation,
year in 1985, $16_millinn 2 year by 1988, and %38 million'a year (con-
staﬁt 1970 dollars) by tne end of the century. Per capita expenditures,
currently $260, would rise to about 5290 in 1985, $310 in 1988, and $320
by the end of the century (econstant 1870 dollars), If 1870 proportions
Iwere maintzined, about half would go to schoels, an eighth for highways,
one-twelfth for public welfare and public health, and the rest for other
expenses. These expenditures would be 2 bare minimum, inasmuch as the
raw data from which tﬁc porrelation between population and expenditures
was developed came from counties that had delaved necessary expenditures
as long as passible, Unless tax structures were overhauled, the bulk of
these public expenditures would be financed by old and qew‘indiQidual
residents and/or by future generations through long-term debt obliga-
tions. The maximum credible case of synthetic fuels production, then,
would impose substantial, pgrhaps insurmountable burdens on local gov-

ernment.,

C. Development Constrained by a 5 Percent Annual Growth Rate

Relationships between ithe global trends mentioned above and local
impacts have been brought home to the American penple in recent years,

Natural limits are readily understandable to anyone who has waited 1in a
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gasoline line, paid high prices for groceries, or had a well run dry.
When local taxes go up as the natural resources of a region are cx-
tracted, ineguitable income distribution becomes a topic of concern.
Moreover, the crowding, tension, and other conditions of boomtown growth
provide ample evidence of the unfortunate by-products of rapid ufbaniza-
tion. These considerations suggest that the largest possible scale of
development may not always be equivalent to the best scale of develop-

ment for all concerned.

To meet these concerns, we have treated local rates of population
growth as a factor that might constrain industrial development., Just
as therc are limits to what can be done with 2vailable materials and
technology, there are limits to how fast a region can grow without im-
pairing a decentt quality of life. In many cases, these limits are im-
posed by the courts or the political process, and so they vary écco:ﬂing
Lo the tolerance of affected interest-groups. In other cases, these
limits are breached at a cost that often appears in hindsight to have
been too gréat to pay. At that peoint, costly remedial measures may have
to he taken, Although planners disagree on what an optimum growth rate

might be in theory, they sense that it is not large.”

A planner in one
rural western county said he considered growth rates between 1 and 2
percent 2 year to be ideal, Some planners have referred to a 5 percent
annual growth rate as 'hyper—-urbanization.,” There is no magic number
that can guide all development planners in all circumstances; however,

an approximate indication can be drawn from the experience of cities,

towns, and counties that viewed their growth rates as excessive,

*The annual growth rate, r, is derived from the formula P, = P (1 +r¥
where P, is the population at the beginning of the time period, P, is
the population at tne end of the time period, and n is the number of
years in the time period.
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Santa Clara County; California (8an Jose), which is generally con-
ceded to be an example of the unfortunate consequences of uncontrolled
development, grew at an annual rate of 5 percént between 1960 and 1970.
Santia Barbafﬁ and Riverside Coanties, two otherafast—growth areas UI
California, added population at the ratelof more than 4 percent a year,
Boulder, Colorado, another example of what many consider "rumaway growth,"
increased its population every year at a rate approaching 6 percent. In
Phoenix, Arizona, and Albuquerque, New Mexico, two ¢ities of tHe South-
west where loecal growth has beeome a major public concern, the rates
were under 3 percent, Thus it seems reasonable to select 5 percent
additional growth per year as an upper limit of the rate communities can
tolerate, Few wuuldlconsiderlsuch a Tigure ideal, as many adverse im-
pacts appear well below that rate, but almost all would agree that annual
growth rates exceeding 5 percent impose severe burdens on community in-
stitutions, services, and resources. By using such a figure hyﬁotheti—
¢ally as a constraint on development, we do not ﬁean to suggest that
population can be limited by law or regulation, Instéad, our intention
is to show the consequences of controlling growth on the basis of popu-
lation by -whatever means sociely deems acceptable), contrasted with the

impact of development constrained only by technical amd physiecal factors.

Although cconomie growth is-usually defined as increased pér capita
autput, such a measure is not useful in small towns and surrounding
regions becausc of the difficulties of disaggregation.and because these
are not self-sufficient economic entities, Growth is conceptualized
here as urbénization and is measured by increases in population. Eco-
nomic growth and urban growth are of course highly correlated, but the
definition used here does not assume growth is tied to increased per

capita output or to net welfare.®
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1. Smooth CGrowth Rates as a Mathematical Approximation

Rates of population groﬁth are not always uniform from year to
year. In reality they may vary a great deal, and a compound annual
aversge taken between two points in time smooths out thesé differences,
For example, a town could grow rapidly at 10 percent a year for 5 years,
then slow down to 0.25 percent for the next 5 yvears, and still finish
out the 10-year period with a 5 percent annual growth rate overall, If
continuity and stability were of any value te the townspeople, this would
hafdly be a desirable state of affairs, If they sought to maximize these
values, they would try to add no more than a fixed percentage to their
number every year, apportioning.new residents over time as evenly as
possiblie, 1In practice, of course, they could not always attain this
ideal. However, a smooth rate of growth represents a reasonable objec-
tive, given the available alternatives. Hefce the use of a constant

growth rate as a possible constraint on development 1s realistic.

2. Selection of Base Year

The projection of growth rates inte the future is sensitive
to the base year chosen, It makes a great deal of difference whether a
glven constraint might start in 1960, 1865, 1970, or 1975, The smaller
the population base, the smaller the number of people added by fixed
percentage increases. TFor any period when population is increasing,
earlier base years will tend to depress future values, while later base
years will elevate future values., Gillette, Wyoming, for example, num~
bered 3600 people in 1980, 7200 in 1970, and was estimated by the county
planner to céntain 11,000 people in 1975. If the base year of 1960 were
selected, and 3 percent a year were added to its population then, it would
gain fewer than 2300 people in 10 years., The same growth rate and the
same time period applied to the 1975 population adds nearly 7000 people,

Therefore we have selected the current year’s population as the starting
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point for all projections, cven though growth rates may have exceeded

/5 percent in previous years.

3. Selection of Geographical Base

Future values are also sensitive to the geographical base

chosen, Larger geographical units, with more people in them to start
with, can accommodatc largex num@ers of additional people than can
smaller geographical units with fewer peogle, assuming equal growth
rates. TFive thousand new people added to Detroit would hardly be
noticed, but the same number added to Gillette create substantial prob-

lems. Three principles governed selection of the geosraphiecal base:

® GSinee social impacts are often obscured when the nation
as a whole or even the Northern Great Plains as a whole
is examined, it was necessary to narrow the focus to where
visible impacts actvally take place--where people live,
work, shop, play, or pass the time of day,

® A commuiing distance between home and work of more than
35 miles (56 km) was considered impractical for the vast
majority. In a similar problem inveolving selection of the
boundaries of a regional housing market, Sternlieb et al.,
found that 86 percent of the commuters sampled lived within
35 miles (56 km) of their place of work.® The gquality and
layout of roads were examined in deciding how far people
might 1live from where they work. Existing towns within
35 miles (56 km) from the place vf work were considered
the most likely .areas of new settlement.

® A geographical base could have been selected by including

all the area within a 35 mile (56 km) radius of adjacent
places of work. DPopulatious for the parts ot counties
included in such a cirecle could then have been estimated
from known population densities. For the sake of admin-
istrative simplicity, however, counties were used as the
geographical base., The county is the planning unit that
would-have to react to impacts that occur, and counties
have been selected so as to be broadly inclusive of the
vast majority of immigrants., Growth rates would not be
identical in every part of a county (unless immigrants
happened to settle proportionally in exaetly the same

K
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places as older residents), Ingtead, existing townsg could
be expected to capture a greater proportion of new resi-
dents than their present proportion of older residents.
Gillette, Wyoming, for example, had’ slightly more than
half of Campbcll County's population in 1970, Its
"eapture rate” of new residents will, however, prohably
be at least 80 percent. At that rate, if ‘the county
grows at 5 percent a year, Gillette will grow at about
7 percent a year, This pattern would pertain to all
counties in which the "capture rate” of towns will ex-
ceed their present population share, as is generally the
case in the West. Figure 23-1 illustrates this pattorn.
The use of a county-wide average growth rate thus tends
to underestimate impacts on towns.

4, Employment-to-~Total-Population Multiplicrs

Labor requirements for ithe coal mines, oil shale mines, and
synthetic fuels production facilities have been derived from industry

sources and are explained in Chapter 4. The ratioc of total population

v

COUNTY

FIGURE 23-1, GROWTH RATES ARE HIGHEST NEAR THE CENTER OF
ACTIVITY AND FALL OFF WITH DISTANCE. The
radii shown are for purposes of illusiration only;
actual rodii depend strongly upon the actual location.
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to size of the labor force, known as the population multiplier, is usu-
ally derived from an export base model” in which vartous assumptions

are made about the dynamics of the local economy and demngraphic charac-
teristics of immigrants, The export bhase model assumes that basic indus-
trial employment generales additional services and related secondary
employment, Urban growth rates are assumed to be more or less thoroughly
determined by expansion of the indusirial (expori) base. It is not
always clear, however, that the cause-and-effect relationship proceeds
only one way. The efficicnecy of the local service industries and of
local public management in faet often determines the rate of "basic’
industrial growth.® The model alsn assumes that sufficient labor is
available and can he attracted 1o the town at whatever wages it muy be
necessary to pay. If fhe export base model is relied on for precise
population predictions, its assumptions about the direction of causality
~and the likelihood of attracting labor are likely to vield inaccuracies,
1f it is used only to compare two hypoéheticaL growth rates, as it is
here, the oversimplifications are relatively harmless, The multiplier

is the product of two numbers: locally generated secondary employment,
and average family size, If 2.6 indirect local jobs are nccessary for
every industrial job, and if average family size is 2.5, the multiplier
will be 6.5. Figure 23-2 shows schematically the basis for population
multinliers, Tatal population added can then be estimated by multiplying

the indusirial labor force by this number.

For precise predictions of future population, several refine-
ments are possible., An input-output model of the regional economy could
be constructed, and direet employment, secondary employment, and multi-
pliers could be calculated for each industry. Multipliers vary accord-
ing to the size of the community because larger towns and cities already
have some existing capacity to provide needed publie and private serv-

ices. BSmaller iowns, on the other hand, have less capacity to start
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with and thercfore require greater additional secondary ocmployment .
Since the propensity to shop loecally affects the size of the multiplier,
distance from major trade centers could be taken into account in select-
ing an accurate predictive value., A lower multiplier couid be used for
the construction labor forece than for the operating labor force, on the
assumption that fewer construction workers will bring their families.
Finally, labor force participation rates may be broken down Ey age and
sex to allow for varying demographic characteristies of imnigrants. A
model incorporating these and other elements has been cohnstructed for

the U.S. Department of Agriculture.®

Our purpose here, however, is not to prediet total population
resulting from all industries but to compare the impacts of two hypo-
thetical levels of development in mining and synthetic liquid fuels
production only, These two hypothetical levels of development are

constrained in one case by technieal and physical factors only, and
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in the other case by a 5 percent annual growth in population, Neither
of these constraints will ﬁe ghe operative limits in real life. A mul-
tiplier of 6.5 has been selected for the Powder River Bgsin of Wyoming
and the Piceance Basin of Colorado. Because townhs ih those regions are
presently small, and because mining and manufacturing usually have large
multipliers, there is good reason-to'believe that a multiplier of 6.5

I underestimates actual added population. The likeliest sort of error in
éuch an analysis, then, would be to understate the severity of local

impacts that could be expected to occur,

D A 5 Percent Annual Growth Rate in Campbell County

If Camphell County added 5 percent a year fo its population in the
future, ité growth rate would approximately duplicate what it has ex-
perienced in the past & years (1970-1975). TFigure 22-3 depicts an
attempt to fit a2 combination of small and large coal liguelaction plants,
along with associated coal mines, under a 5 percent growth curve, Phased
to minimize discontinuities, the population profile still exhibits minorx
Jumps during years of peak labor force in Lhe construction of the smail
liguefaction plants. Major peaks and valleys appear after 1950, wheﬁ
canstruction of the large liguefaction plants would begin, Even limiting
pruductian capacity to 300:000 B/D (48,000 m°/D) b& the end of the cen-
tury, the necessary facilities_still could not be accommodated within a
5 percent growth rate, as the figure shows, Turther study ﬁf Figure 22-3
reveals that a 5 percent growth rate is practically incompatible with _
construction of the extrémely large, 100,000 B/D (16,000 m®/D) liquefac- |
tion plants. One would have to wait until 1990 to begin construction of
such a facility (doing nothing until then) to keep additional population
within the 5 percent growth constraint.

i
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1. The Alternative of Building Smaller Plants f -

Figure 22-4 (Chapter 22) depicts an alternative that smqothes
aut the rate of development considerably--building relatively smaﬂl
(S0,0DO—BED or 4800 m®/D capacity) liquefaction plants only, Thi% would
create a 210,000-B/D (34,000 m" /D) capacity by the year 2000', comp'fared
with a 290,000-B/D (46,000 m®/D) capacity in the case of both large and
small plants, and compared with a 400,000-B/D (64,000 n*/D) capaci&y in
the maximum eredible case. Although the growth rate depicted by Fﬁg—
ure 22-4 would actually be closer to 6 than to 5 percent until aféer
1990, employment would not be subjeect to massive increases and declines.
Instead, it would rvise more or less siteadily if start-up constructﬁon of
succeeding plants were phased to c¢oincide with final yvear COnstruc#ion of

preceding plants. ;

Assuming that housing in Campbell County would beconme ne&ther
more nor less crowded than it is at present {(i.e., that the ratioc of T
dwelling units to pegople would be constant), necessary additions tg the
hbusing stock would be substahtial although not nearly as large asithose
required by the maximum credible case. As population rose in a 5 percent
growth rate from ils present 17,000 Lo about 57,000 by the end of Fhe
century, additional (cumulative) housing requirements would be as ;ol—
lows: 1700 by 1980, 4300 by 1985, 6400 by 1990,-and 12,000 by 200@.
While these requirements are certainly modest compared to £hose Ofithe
maximum credible case, they would still mean adding bhetween 400 ané 50¢
new dwelling units a year, a substantial effort for a small or medium-
sized town. In practice, a large proportion of Lhese would be mobile

homes, and some additienal crowding would result from any shortfall in

the provision of housing,
Assuming the school~-age population remained one-third of; the
i

total, the county school system would have to absorb nearly the | |
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equivalent of its 1970 pupil p0pu1ation by 1980, under the 5 percent a
vear growth constraint., There would be 7500 pupils in 1980, more than
10,000 in 19835, 12,500 in 1990, and more than 19,000 by the end of Lhe
century. Demands for classroom space, teachers, and administrative
capacity would rise accordingly. In contrast with the maximum credible
case, increased reguirements would be steadier, more predictable, and
approximately half the size. However, the incrcaéé would still be sub-
stantial in the near-term when financing would be the most difficult

to obtain, and some crowding, double sessions, incrcased pupiiwteacher
ratios, etc., could be expected if construction ané vrganizational de-
velopment fell behind schedule. Altthough impacts would not be of the

same order as those in the maximum credible case, they could still be

characterized as moderately severe,

- Using information from ﬁeference 2, public expenditures in
Campbell County in constant 1970 dollars would total $6.7 million a
year in 1980, $9.4 million a year in 1985, $11 million in 1990, and
318 million in the vear 2000, WMajor spending differences between the
growth-constrained case and the maximum credible case would only begin
to show up afier 1885. Prior to 1985 (in the hypothetical cases de-
picted in Figures 22-2 and 22-4, population growth would advanhce fairly
gteadily in hoth cases. The discontinuous growth exhibited by the maxi-
mum credible case would vield no bhenetits in reduced expenditures
becuause the county would only have te gear up again f{or resumed growth
after momentary deelines. Thus its expenditures in all likelihood
would not decline along with temﬁnrary losses of population, but would
continue to climb for several years after any leveling-off in growth
rate. After 198353, annual expenditures in the growth-constrained case
would be about half the anmual expenditures in the maximum credible
case, On a per capita basis, county expenditures would rise from %262

currently to %290 in 1880, $285 in 1685, 8300 in 1990, and $310 in 2000
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270 million tons {240 billion kg) of coal a year by the year 2000, The
labor force and aésocjated poputztion in coal mining alene is so small
thé£ it would allow local awnd state officials much greater fegulatory
‘flexibility in choosing appropriate growth rafes. While conversion
facilities are not practical below a certain size and level of employ-
ment, coal mines are practical to operate in a variety of sizes, A
mere than adeqdate amount of coal extractioh is compatible with growth

rates generally regarded as manageable,

3. The Alternative of a Longer Construction Period

One chafacteristic of coal liguefaction and methanol ﬁlants
that makes them difficult to adapt to a small town is their short con-
struction period. With.a sﬁort, say; ihree-year cogstruction period,
the dislribution of work throughout time is typicaily uneven; moderate

‘levels of effort during the first-and third years, ihtensive.levey of
effort during the second yeaf. This unevenness is probably unavoidable
during a short construction period because same allowances must always
he made for start-up time, recruiting a large work force,-and proﬁer
sequencing of the instaliations of parts of the plant. Figure 22;6
depicts a possible cohstruction and operation schedule for four small
(25,000 OE B/D or 4000 OE m®/D) and two large (50,000 OE B/D dr 8000
OF ﬁs/D)'methanoL plants, This schedu}e can almost be accommodated
witﬁfn a 5 percent annual growth constraint, except for the peak year
of construction effort. This feature clearly creates shérp Jumps and
.drops in the demand for labor .and hence in associated population, A
region subject to this instability would reguire either a highly mobile
labor forve or some other source of local employment to take up the

glack during periods of lesser c¢oal-related employment,

The incentives for a firm to minimize the construction period

are clear, A plant under construction is tying up capital nonproductively,
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to experience some impacts associated with ail~-shale development in iater
vears aflter highway access from the resource development sites was improved.
1t has been excluded from the unit ol analysis considered here, however, on
the basis of principles described ahove: (1) Rio Blanco and Garfield Counties
are smull enough in population and in land arca to form a coherent planning
unit that would show the effects of proposed development. Yet they are not
so small that those effects would be distorted. Theilr land area is

6300 sguare miles (16,000 km®) compared with 4800 in Campbell County,
Wvoming. Adding Mesa County (Grand Junctiom} would create a land area

too large to behave as a unit; (2) The only heavy-duty route between

Grand Junction and places of oil-shale employment follows a zZig-zdg

course northeast for 60 miles, then 20 miles to the northwest. A daily
1680-mite (260 km) round trip would be intolerable for almost everyone,

A slightly more direct route exists, but it is now only a dirt road in
parts and would only cut about 10 miles from the one-way commuting

distance even if it were improved; (3) In accordance with the objective

of analyzing the impliecations of growth for administrative units, Rio
Blanco and Garfield Counties have been selected as Lhe geographical

base. Piceance Creek is about in the center of this two-county area,

and the layout of reads in the region also makes this area a logical

unit for the analysis of local impacts.

The maximum credible level of oil-shale mining and retorting would
require an annual rate of population growih vf between 16 and 19 percent
between 1973 and 1990, sfter which growth would level off. Population
would grow almost tenfold during the first 15 years. As Figure 22-10
shows, the population of the two counties would climb to 56,000 in 1980,

135,000 in 1985, 220,000 in 1920, and level off to 245,000 in 1995,

This population would not be distributed evenly over the vast land
area of the two counties, The presence of the White Rivex and Routt

National Forests in the eastern portion of the two counties would
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credible level of oil shale production would lead to the sacrifice of S
"option values'” for land use, that is, the implementation of decisions

whose consequences might be irreversible.

.

F. 0il Shale Development Constrained by a 5 Percent Anhual Growth

Rate--Ficeance Basin

Figure 22~8 shows the extent of oil shale developmeﬁt possible

within an annual growth rate of 5 percent. In contrast to the maximum

credible case, ‘population would rise gradually from its current 23,500

to 28,000 in 1980, 41,000 in 1985, 52,000 in 1990, 65,000 in 1993, and
© 79,000 by the end.of.the century, Daily capacity for crude o0il produc-
tion would be 40¢,000 barrels (64,600 m" /D) one-fifth of the capacity
hypothesized for the maximum case. Instead of boomtowns of 50,000

peaple by 1990, cities closest to places of oil shale employment would
number only about 10,000 inhabitants. Reduced populat;on pressures

would allow for needed pilanning of residential development so that o
mobile Home sites and other setlilements could be located with least
damage to env?ronmental values and amenities, Due to the shortage of
suitable residential land, however, some real estate speculation and
competing land uses could still be expected, The strain an lacal gov-
ernmenial fiscal capacity would be substantial, particuiarly in the
arca df schqols and roads, but nol nearly as severe as in the maﬁimum
case, TFor those services whose cosl rises steeply with geographical
dispersihn, practically no economies of scale would be realized. Even
if immigrants settled predominantly in the existing towns of Rangely,
Meeker, Rifle, and Glenwood Springs, those towns themselves are sep-
arated fram one another by large distances. Rangely, for example, is
?S miles (130 km)'away from Meeker, and Meeker is another 67 miles
(110 kmf from Glenwéod Springs., Thus needed public expenditures for

those services would continue to rise throughout the entire course of —
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regquire large urban concentrations, and these simply do not exist near
the ¢oal fields. Thus while the present population base is numerieally
adequate to accommodate such an industry, it is not distributed in ways

that arc immediately useful to the industry.

Related to the low degree éf urbanization, Appaléchia has been
deficient in the soecial institutions necessary to manage an industrial
econcmy. County governments in ilhe coal-~producing regions undertaxed
productive resoureccs and =o never received a fajr share of the region's
wealth. As a result they were unable to finance needgd services such as
education, road-bullding, utilities, planning, and so forth. The capac-
ity to deliver services adaptable to an urban environment has never de-
.feloped in Appalachia, parlly because these were not needed by a popu~
lation traditinngily reliant on kinship as the‘source Di-muiuai aid,
ﬁnd parfly out of distrust of government in general: New industries
have not been attracted fo Appalachia because the region either chose
ﬁat to or fTailed to develdp this institutional and s;r;ice cépacity.

As faf a5 a new industiry such as svnthctlc fuels is concerned, fhen the
reglon 1% really no hetter adapted to urban1zat10n and Lndustrlallzatlon

than is the sparsely populated P0wder River Basin.

-
k]

~In Appalachia, constraints besides the size of the population base
are of the greatest significance. Bitterness on the part of many people
.in the region toward the coal mining industry has flared up in recent
years in acts of industrial sabotage costing millions.of dollars.® In
less dramatic ways, grass-roote organizations like Minérs for Demacracy
and Appalachian Coalition Against Strip Mining have questioned the wisdom
of industry domination of their region and have begun to attract a fol-
lowing in Cangress and 1in state leglslatures The United Mine Workers
of Amerieca has begun to take a much tougher barg11n1ng stance thhn did
previeus union leadership, The colleetive bargaining agreements of

December 1874 brought coal miners nearcr to wage parity with other
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to size of the labor force, known as the population multiplier, is usu-
ally derived from an "export base model" in which various assumptions

are made about the dynamics of the local economy and demographic charac-
teristics of immigrants. The expeort base model assumes that basic indus-
trial employment generates additional serviees and related secondary
employment. Urban growth rates are assumed to be more or less thoroughly
determined by cxparsion of the industrial (export} base. It is not
always clear, however, that the czuse-and-effect relationship proceeds
only one way. The efficiency of the local serviece industries and of
local public management in fact often determines the rate of "basic’
industrial growth.5 The model also assumes that sufficient labor is
available and can be atiracted to the town at whatever wapges it may he
hecessary to pay. I1I the export base model is relicd on for precise
population predictions, its assumptions about the direction ol causality
and the likelihood of attracting labor are likely to yield inaccuracies.
If it is used only to compare two hypothetical growth rates, as it is
here. the oversimplitications are relatively harmless, The multiplier

is the product of two numbers: locally generated secondary employment,
and average family size. 1If 2.6 indirect loeczl jobs are necessary for
every industrial job, and if average family size is 2.5, the multiplier
will be 6.5. Figure 23-2 shows schematically the basis for population
multipliers. Total population added can then be estimated by multiplying

the industrial labor force by this number,

For precise predictions of future population, several refine-
ments are possible, An input-output model of the regional economy could
be constructed, and direct ewployment, secondary employment, and multi-
pliers could be calculated for each industry. Multipliers vary accord-
ing to the size of the community because larger towns and cities already
have sone existing capacity to provide needed public and private serv-

ices. Smaller towns, on the other hand, have less capacity to start

:’“ﬁ



Resource Mining and Conversion Employment
Mining
Miners
Managers
Conversion Facilities
Operators
Managers

L ¥

Support Employment

Reloted e .
Peripheral : - red e. y Domestic
Requirements of
Employment

Employees and Families

\ ¥

Families Associated with Foregoing Employment

FIGURE 23-2. BASIS OF POPULATION MULTIPLIER CONCEPT

with and therefore require greater additional secondary employment.
Sinee the propensity to shop loecally affects the size of the multiplier,
distance from major trade cenlters could be taken into account in select-
inglan accurate pfedictive value. A lower multiplier could be used for
the construction labor foree than [or the operating iabor forece, on the
assumption that fewer coustruction workers will bring their families.
Finally, labor force participation rates may be broken dowh by age and
sex Lo allow for varying demographic characteristics of immigrants, A
model incorporating these and other elements has been constructed for

the U.5. Department of Agriculture.E

Our purpose here, however, is not Lo predict total population
resulting from all industries but to compare the impacts of two hypo-
thetical levels of development in mining and synthetic liquid fuels
production only., These two hypothetical levels of development are

constrained in one case by technical and physical factors only, and
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in the other case by az 5 percent annual growth in population, Neilher o~
of these constraints will be the operative limits in real life, A4 mul-

tiplier of 6.5 has been gelected for the Powder River Basin of Wyoming

and the Piceance Basin of Colorado. Because towns in those regions are

presently small, and because minihg and manufacturing usually have large
multipliers, there is good reason to believe that a multiplier of 6.5
.underestimatcs actual added population. The likeliest sort of error in

such an analysis, then, would be to understate the severity of loecal

impacts that could bhe expected. to occur.

D. A 5 Percent Annual Growth Rate in Campbell County

If Campbell County added § percent a year to its population in tﬁe
fuiure; its growth rate would approximately duplicate what it has ex-
periencad in the past 5 years (1970-1875). Figure 22-3 depicts an
attempt to fit a combination of small and large coal liquefaction plants,
along with associated coal mines, under a 5 percent growth curve. Phased RN
to minimize discontinuitics, the population profile $till exhibits minor
jumps during years Ef peak labor Iorce in the construction of the small
liquefaction plants, Major peaks and valleys appear after 1990, when
construction of the large liquefaction plants would begin. Even limiting
production capacity to 300,000 B/D (48,000 m°/D) b& the end of the cen-
tury, the necessary fagilities still could not be accommodated within a
5 percent growth rate, as the figure shows, Further study ﬁf Figure 22-3
reveals that a 5 percent growth rate is practically incompatible with
construction of the extremely large, 100,000 B/D (16,000 m®/D) liquefae=- _
tion plants., One would have fo wait until 1990 to begin construction of
guch a facility (doing nothing until then) to keep additional population

within the & percent growth constraint.
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1. The Alternztive of Building Smaller Plants

Figure 22-4 (Chapter 22) depicts an alternative that smoothes
vut the rate of development considerably--building relatively small
(30,000-0/D or 4800 m®/D capacity) liguefaction plants only. This would
create a 210,000-B/D (34,000 m?/D) capacity by the year 2000} compa red
with a 290,000-B/D (46,000 n®/D) capacity in the case of both large and
small plants, and compared with a 400,000-B/D {64,000 m® /D) capacity in
the maximum credible case. Although the growth rate depicted by Fig-
ure 22-4 would actually be closer to 6 than to 5 percent until after
1990, employment would pot he subject to massive increases and declines.
Instead, it would rise more or less steadily if start-up construction of
sucgeeding plants were phased to colncilde with final vear construction of

preceding plants.

Assuming that housing in Campbell County would become neither
more nor less crowded than it is at present (i.e., that the ratio of
dwelling units Lo people would be constant), necessary additions to the
housing stock would be substahtial although not mearly as large as those
requirced by the maximum credible case. As population rose in a 5 percent
growth rate from its preseﬁt 17,b00 to about 57,000 by the chd of the
century, additional (cumulative) housing requirementé would be as fol-
lows: 1700 by 1980, 4300 by 1985, 6400 by 1990, and 12,000 by 2000.
While these requirements are certainly modest compared to ihose of the
maximum credible case, they would still mean adding between 400 and 300
new dwelling units a year, a subhstantial effort for a small or medium-
sized town. In practice, a large proportion of these would be mobile

homes, and some additional crowding would result from any shortfall in

the provision of housing.

Assuming the school-age population remained one-third of the

total, the county schoovl system would have to abscrb nearly the
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equivalent of its 1870 pupil popﬁlation by 1980, under the 5 percent a
vear growth constraint, There would be 7500 pupils in 1980, nmore Lhan
10,000 in 1985, 12,500 in 1990, and more than 19,000 by the end of the
century, Demands for classroom space, teachers, and administrative
capacity would rise accordingly, In contrast with the maximum credible
case, increased reguirements would be steadier, more predictable, and
approximately half the size., However, the increase would still be sub-
stantial in the near-term when financing would be the most difficult

to obtain, and some crowding, doubkle sessions, increased pupil-teacher
ratios, etc., could be expected if construction ana organizational de-
velopment fell behind schedule. Although impacts would not he of the
same order as those in the maximum credible case, they could still be

characterized as moderately severe.

. Using information from ﬁeference 2, public expendilures in
Campbell County in constant 1970 dollars would total $6.7 million a
year in 1880, $9.4 million a year in 1985, 211 million in 1990, and
$18 million in the year 2000, Major speunding differences belween the
growth-consirained case and the maximum credible case would only begin
to show up after 1985. Prior to 1985 (in the hypothetical cases de-
picted in Figures 22-2 and 22-4, population growth would advance fairly
steadily in both cases. The discontinucus growth exhibited by the maxi-
mum credible case would yield no benefits in reduced cxpenditures
because tﬁe ¢ounty would only have to gear up again for resumed growth
afier momentary declines., Thus its expenditures in all likelihood
would not decline along with temporary losses of population, but would
continve to climb for several years after any leveling-off in growth
rate, After 19853, annual expenditures in the growth-constrained case
would he about half the annual expenditures in the maximum credible
casc. (Un a per capila basis, county expenditures would rise Trom S262

currently to $290 in 1980, $295 4in 1985, $300 in 1990, and $310 in 2000
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{constant 1870 dollars). Differences between these values and com-
parable values associated with the maximum credible case are of the
order of only a few dollars. Individual tax burdens in the maximun
credible case would be only slightly higher than those in the growth-
constrained case. Because much grezfer numbers of people would be pay-

ing the slightly higher taxes, the differences between the two tix rates

would tend to be minimized. As far as lecal governmental capacity is
concerned, the chief advantage of the growth-constrained case would be
to allow the county io defer necessary expenditures for a longer time.
Slower growth would provide more flexibility and would help prevent the

formation of crises such as have occurred in the recent past.

2. The Alternative of Exporting Coal from the Region

Some local and state officials have occasionally expressed a
preference for_a policy of having coal extracted and transported else-
where to be processed. The advantage of the "strip it and ship it
phitosophy, fTor these officials, is that mining activities in themselves
would not disrupt the region as much as would he combination of mining
and_conversion to synthetic fuels at the site. The most disturbing
impacts, as noted above, comé from econstruction of extremelyv large
industrial facilities in a relatively short span of time. Moreover,

the pe?manent labor forces associated with iiguefaction and methanol
nplants are only slightly less than the peak-year construction labor
forces. Thus large numbers of pecople would be required both to build
and to operate these facilities, Compared with these numbers, the

labor force and associated population brought about by coal mining

aleone would be small, Figure 22-5 shows that a growth rate of only

2 percent a yezr would be compatible with extraction of ahout 90 million
tons (8.1 billion kg) of coal a year by the year 2000. Constrained only

by a 5 percent a year growth in population, Campbell Couniy could mine

s
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270 million tons (240 billion kg) of coal a year by the year 2000. The
labor force and associated population in eoal mining alone is so small
thét it would allow loecal and state officials much greater regulatory
flexibility in choosing appropriate growth rales. While conversion
facilities are not practical'below a certain size and level of emplay-
ment, coal mines are practical to operate in a variety of sizes., A
more than adeguate amount of coal‘extractioh is compatible with growth

rates generally regarded as manageahble.

3. The Alternative of a Longer Construection Peried

‘One characteristic of c¢oal liquefaction and methanol plants
that makes them difficult to adapt to a smzll town is their short con-
struction period. With a short, say, three=year coﬁstruction period,
Lhe distribution of work throughout time is typically uneven: moderate
levels of effort during the first.and third vears, ihtensive 1e§ey of
cffort during the second vear. This unevernness is probably unavoidable
during a short coustruclion period because some allowances must always
be made for start-up time, recruiting a large work force, and proper
sequénciﬁg of fhe installations of parts of the plaat, Figure 22;6
depicts = péssible congtruction and operation schedule for four small
(25,006 OE B/D or 4000 QOE n® /D) énd two large (50,000 OF n/D dr B0O00
OE ﬁE/D)“mefhanol plants. This schedule can almost be aceommodated
within a 3 percent annual growth constraint, execept for the peak year
of construction etfort, This feature clearly creates shérp jumps and
.drops in the demand for laber -and hence in associated population. A
region subject to this instability would require eifher a highly mobile
labor force or some other source of local employment to take up the

‘slack during periads of lesser coal-related employment.

The incentives for a firm to minimize the construction period

are c¢lear. A plaﬁt under constriuction is tying up capital nonproductively,
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and meanwhile there is interest to pay on borrowings to finance con-
gstruction (unless sufficient eguity financing is available}). The in-
centives for the public to have the construction period lengthened are
edually clear. As Figure 22-~7 shows, it is possible to smooth out the
rate of population growth considerably by substituting a 3-year for a
B—yearlconstruCtion period. Periods of unemployment are reduced almost
to zero, and the only pefiod of very sharply rising demand for labor
occurs at the onset of construction of the first.large methanol plant.
This stability brings obvious advantages to public officials, who canh
plan for the expénsinn of services, housing, etc., more readily when

growth is steady than when there are vioclent upswings and downswings.

E. The Maximum Credible Level of 0il-8Shale Mining and Retorting--
Piceance Basin

?ewer alternatives are availabkle in cil-shale development than in
coal development because it is not practical to retort oil shale {ex-
tract crude éil from shale rock) far from the site where it is mined.
Transportation of oil shale over long distances could not possibly com-
pete ecénoqically with transportation of the crude oil pro&uct (after
upgrading) through pipelines. 0il shale must be mined and retorted at
the site or not at all. Thus the option of developing & relatively

simple mining operation without an associated industrial complex does

not exist.

Abundant deposits of oil shale are found in the Piceance Basin, a
remote area of the Rocky Mountains' Western Slope, located in Hio Blanco
and Garfield Counties, Colorado, The two counties ecurrently have a com-
bined population of 23,500 (1975 local planners’' estimates), About half
this number live in four towns: Meeker and Rangely in Rio Blanco County,
and Rifle and Glenwood Springs in Gartfield County. Grand Junction, to

the gouth, is presently a major population center and could be ¢xpected
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to expericnce some impacts associated with oil-shale development in later
vears after highway access from the resource development sites was improved.
1t has been excluded from the unit of analysis considered here, however, on
the basis of prineiples described sbove: (1) Rio Blanco and Garfield Counties
are small enough in population and in land area Lo form a coherenl planning
unit that would show the effects of proposed develepment, Yet they are not
=0 =mall that those effects would be distorted, Their land area is

6300 sguare miles (16,000 km®) compared with 4800 in Camphell County,
Wyoming. Adding Mesa County (Grand Junction) would create a land area

too large to behave as a unit; (%) The only heavy-duty route bhetween

Grand Junction and places of oil-shale employment follows a zig-zag

course northeast for 60 miles, then 20 miles to the northwest. A daily
160-mile (260 km) round trip would be intolerahle for almost everyone.

A slightly more direct route exists, but it is now only a dirt road in
parts and would only cut about 10 miles from the one-way commuting

distance even if it were improved:; (3) In accordancc with the objective

of analyzing the implications of growth for administrative units, Rio
Blanco and Garfield Counties have been seclected as the geographical

base. DIPlceance Creek is about in the center of this two-county avea,

and the layout of troads in the region also makes this area a logical

unit for the analysis of loeal impacts.

The maximum credible level of oil-shale mining and retorting would
require an annual rate of population growth of between 16 and 19 percent
between 1975 and 1920, after which growth would level off, Population
would grow almost tenfold during the first 15 years. As Figure 22-10
shows, the population of the two counties would climb to 56,000 in 1980,

135,000 in 1983, 220,000 in 1990, and level off to 245,000 in 1995.

This population would not be distributed evenly over the vast land
aren of the two counties. The presence of the White River and Routt

National Forests in the eastern portion of the two counties would
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preclude residential development in about 1000 square miles (2600 km°).
Steep canyon sides and higher elevations would also be unsuitable for
residential development. The only land remaining would be along broad
valleys and upland plateaus., Much of this would be restricted as well
because of lack of access by road. Areas classed as suitable for resi-
dential settlement by a recent study made up only 7 percent of the area
of Garfield County, and 17 percent of Rio Blanco County.’ Since oil
shale lands in the Piceance Basin were included in the classification,
the actual proportions would be somewhat less. Existing towns would
likely absorb the bulk of the increased population, with the remainder
absorbed along existing transportation routes. The only other Colerado
county toc have undergone industrialization recently, Pueblo County, haé
B2 percent of its population living in urbanized areas. As an indicator
of expected urban populatjoﬁ in Rio Blanco and Garfield Counties, this
proportion is probably low; nevertheless it would vield an uvrbanized
population of 176,000Iin 1980. Rifle and Meeker, closest to the oil

shale sites, could well become cities of 50,000 or 60,000 people,

Such sudden increases in population would strain every social and
institutional resource in the region. Mobile homes would he strung out
along every canyon and river valley, the Colorade River would receive
urbap waste water, schools would be vastly ovvercrowded or nonexistent,
public expenditures would soar faster than population, and services
would be unable to catch up with growth. Real estate speculaticn would
beeome & major industry, while tourism, which grew during the 1860s,
would prbbahly decline., Labor turnover would probably be high.d Com-
petition for scarce land in valleys and upland platcaus would piti resi-
dential development against recreatioﬂ, farming, tramsportation, tourism
and other interests seeking to use the same land, If the oil shzale
industry were developed to its maximum possible extcnt, opportunities

for diversification of the local economy would decline. The maximum
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credible level of oil shale production would lead to the sacrifice of o
"option values' for land use, that is, ihe implementation of decisions

whose consequences might be irreversible,

F. 0il Shale Development Constrazined by 2 5 Percent Annual Growth

Rate--Piceance Basin

Figure 22-8 shows the extent of oil shale development possible
wiihin an annual growth rate of 5 percent. In contrast to the maximum
credible case, population would rise gradually from its current 23,500
to 28,000 in 1980, 41,000 in 1985, 52,000 in 1990, 65,000 in 1995, and
79,000 by the end-of-the century. Daily czpacity for crude oil produc-
tion would be 400,000 barrels (64,000 m®/D) one-fifth of the capacity
hypothesized for the maximum case., TInstead of boowtowns of 50,000
people by 19290, cities closest to places of oil shalc employment would
number only about 10,000 inhabitants. Reduced population pressures
would allow for needed planning of residential development so that
mobile home sitecs and octher settlements could be located with least
damage to environmental values and amenities, Due to the shortage of
suitable residential land, however, some real estate speculation and
competing land uses could still be expected. The strain on local gov-
ernmental fiscal capacity would be substantial, particularly in the
arca ﬁf schqols and roads, but not nearly as severe as in the maximum
case. For those services whose cost rises steeply with geographical
dispersion, practically no economies of scale would be realized, FEven
if immigrants scttled predominantly in the existing towns of Rangely,
Meeker, Rifle, and Glenweod Springs, those towns themselves are sep-
aroted from onc another by large distances. Rangely, for example, is
78 miles (130 km) away from Mecker, and Meeker is ahother 67 miles
{110 km)l from Glenwalrod Springs. Thus needed public expendiliures for

those services would continue to rise throughout the entire course of
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growth, These expenditures would be small compared with those required
by the maximum level of develupment.

Unlike Campbell County, Wyoming, Rio-Blanco and Garficld Counties,
Colorado, have not experienced boomtown groﬁth rates recently. Garfield
County's prowth rate hetween 1960 and 1970 waé 2 percent a year, and Rio
Blango County last population in that dgcade. A growth rate of eveﬁ as
little as 5 percent a year would be a big jump, while a growth rate of
16 te 19 percent annually would be extremely high, This lack of com-
parable experience would undoubtedly handicap the western Colorado

counties in adapting to rapid industrial and urban growth,

G. Implications for Appalachia

The coal mining regions of Appalachia currently have a much larger
population base than the resource-rich regions of the West, Eastern
Kentucky, éouthern West Virginia, and southwestern Virginia still have
substantial reserves of bituminous coal averaging 10,000 to 12,000 Biu
per 1b (23 MJ/kg to 28 MJI/kg) and a labor force expericnced in Lhe tech-
niques of coal mining. The Big Sandy Area Development District, a 5-
county region of easternzKentucky, containg 143,000 people (1972 local
plamers’ estimate). Thé 5 couéties--FlofdJ Johnson, Magoffin, Martin,
and Pike--form.a land avea of 1979 square miles (5100 kmg),less than
half the area of Campbell County, Wyoming. It would appear that a popu-
latien base of that size could more easily absorb the growth induced by
a synthetic fuels industry than Campbell County could. Before reaching
such a conclugion, however, it should be noted that the present popula-
tion is overwhelmingly rural, Only 10 percent live in towns of more
than 2000, and only 15 percent live in towns of any size at all. Coal
mining in Appalachia has traditiomnally coexisted with a predominantly

rural culture. A synthetic fuels industry, on the other hand, would
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require large urban concentrations, and these simply do not exist hear
the coal fields. Thus while the prcscent population base is numerically
adequate to accommodate such an industry, it 1s not distributed in ways

that are immediately useful to the industry.

Related to the low degree df urbanization, Appalachia has been
deficient in the social institutions necessary to manage an industrial
cCconony . County'governments in the coal-producing regions undertaxed
productive resources and so never received s fair share of the region's
wealth, As-a result they were unable to finance needed services such as
education, road-building, utilities, planning, and solforth. The capac-
ity to deliver services adaptable te an urban environment has never de-
veloped in Appqlachla partly because thoese werce not nceded by a popu-
latlon tradltlonallv reliant on kinship as the source of mutual aid,
and partly out of distrust of government in generall New industries
have not been attracted to Appalachia because the reglon either chose
not to or failed to develop this instituticonal and service capaclitily.

As far as a new industry such as synthetic fuels is concerned, then, the
region is really no better adapted 1o urhanization . and indusfrialization

than is the sparsely populatéd Powder River Basin,

L]

4
In Appalachia, constraints besides the size of the population base

are of the greatest. significance. Bitterness on the part oi many people
in the region toward the coal mining industry has flared up in recent
years in acts ol industrial sabotage costing millions.of dollars.® 1In
less dramatic ways, grass-roots arganizaitions like Miners for Democracy
and Appalachian Coalition Against Sirip Mining have guestioned the wisdom
of industry domination of their region and have begun to attract a fol-
lowing in Congress and in state lcgislature:sT The United iMinc Workers

of America has begun to tﬁke a much tougher bargaining stance than did
previocus union leadership. The collective bargaining agreements af

December 1974 brought coal miners nearer to wage parity with other
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industrial Wofgers than previous negotiations had even attempted to do.
The greater productivity of the coal mines has.increased the amounts gen-
erated for the union's health and welfare fund by the tonnage royalty.
Also, the greater cducational attainment and lesser age of the new labor
force make workers less Lolerant of unnecessarily low safety standards
and working conditions. These factors are probably more impertant con~
siderations on. the part of the mininhg industry as to the location of

synthetic fuels faellities than are demographic factors.

H. Implications for Southern Illinois

-  Judging by demographic and geophysical characteristics, southern
Illineois would appear to be less disrupted by the growth of a synthetic
fuels industry than the other regions would. In contrasti to the sparsely
populated West, southern Illinois bas a large enough population base to
accommodate industrial growth without sustainring a large percentage im-
pact, IIn contrast to Appalachia, it is not isolated by géographical
and cultural factors from modern industrial society. The 6~county area
of Franklin, Jefferson, Perry, St, Clair, Washington, and Williamson
Counties comprise a land area of 3112 SQﬁare miles (8100 km°), somewhat
smaller than Campbell County, Wyoming, in size, Their total population,
however, is 437,500, large enough to absorb a new labor force and asso-
ciated population without severe miress. Unlike Appalachia's population,
it ie concentrated in urban areas in a way that makes it accessible to
industrial employers. In only 1 of the‘é eounties is the population
predominaﬁtly rural--Washington County, with 78 percent of residents
in rural places, St: Clair County's population is overwhelmingly urban
{83 percent) due to the presence of East 5t. Touis. The other 4 counties
have a rural-urban mix of about half and half. Thus‘the urbanized base

necessary for industrial growth is substantially already in place,
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The necessity for large numbers of immigrants to the area would be
lessened by the prevalence of higher-than-average unemployment rates, l
Rateslranged'from 3.9 percent in Washington Coﬁnty 1o 6,8 percent in

. Franklin County in 1970, Even if renewed coal mining activity in the
past 5 yéars has emploved some of these people, allarge amount of un-
employment in neighboring clties has probably persisted. S5t. Louls,
Missoufi, had 16,000 unemployed persons in 1970; Evansﬁille, Indians,

had 2700 unemployed persons.s Some proportion of Chicago's 64,000 un-

employed might also be attracted to employment in southern Illinois.

Southern Illinois has an ostahlished‘cbal mining industry. The
6-county region produced 37 million tons (33 billioﬁ kg) of coal from
20 operating mines in 1972, more tham half of the total coal production
in I1linois in 'that year.. Two billion tons (1.8 trillion kg) of strip-
‘pable reserﬁes and 19 billion tons (17 trillion kg) of deep reserves
remain in the vegion. The coal has a heating value of 11,000-12,000 Btu
per pound (26 MJ/kg to 28 MJI/kt), about midway betwean that of Powder
River Basin coal and Appalachian coal. Southern Illinois has -a rela-
tively divérsified éet of service industries, and access to a large
urhan center, 8t. louis, for many industrial needs. Existing service
industries and governmental capacity should therefore reduce requirementé

for additional population, relative to the other resource-rieh regions.

In southern Illinois agriculture has a relatively higher value than
in Appalachia, oy than ranching and farming in the resource fegions of
the West. Agriculture would undoubtedly be disturbed by large-scale
surface mining operations, to some extent. This impact, however, would
be mitigated by the following factors:

{1) The reclamation potential of southern Illinois farmland

is greater than that of either the arid western regions
or Appalachia. (See Chapters 13 and 15.) 1Its superior-

ity over the arid West is that rainfall can be expeected
to be adequate to stabilize and restore the lamd. Its
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superiority over Appalachia is due to the fact that the
county comnsists of flatlands and reolling hills rather
than steeply contoured slopes. '

:

{2) Surface mining in southern Ililinois could zctually im-
prove agricultural productivity because it would break
up the subsurface impervious soil layer, or hardpan,
that prevents adegquate drainage.

(3} Custom and practice in southern Illincis indicate that
agriculture and coal mining can coexist more readily than
in the other rescource-~rich regioits. Many coal miners
have traditionally worked their own farms in addition to
being employed at mining. The proportion of farm oper-

.  ators {as defined by the 1970 Census) who worked 100 days
or more per year off the farm was more than half for the
region, while the statewide figure was one-third. While
the discipline of a large industrial workplace might not
be compatible with such dual employment, the mining ac-
tivity itself eclearly is,

Southern Illinois also derives sbme advanlages from being close

to eastern and midwestern energy markets, Ohio River and Mississippi
River barge transportation routes, and a major rail terminus from the

West. Compared to the oither regions discussed, it is well located for

domesti¢ energy production, . /

I. Summary

in assessing tﬁe impact aof development, we usually apply the con-
cept of damage, reversible or irreversible, only to the natural environ-
ment. Certain actions can cause irreversiblé-environmental damage; for
example, radioactive'wastes contamination and the\éxfincfion of rare
species are examples of irreversibie COnseqguences ﬁf human action,
Whether environmental consequences are long-~lasting or not depends on
human ability to regulate development in accordance with environmental
standards. Similafly, adverse social consequences are controllable by

concerted effort and proper planning, .
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The foregoing analy=is has suggested Lhat adverse social impacts

could be mitigated by the follewing actions:

® Building smaller plants (conversion facilities).
® Exporting coal,

® Phasing emplayment buildubs and layoffs so as to minimize labor
shortages and unemployment. .

¢ Pav-as-vou-grow system of public finance to avert tax lag.
# Fair valuation of all taxable productive wealth.
? Governmental-industry cooperation in community-building,

e Raticual land use polic§ for agricultural, range, industrial,
residential, and recreational uses,

®# TFull public pariicipation in decision-making affecting funda-

meutal values and interesis.
¢ Diversification of local economies.

® A system for compensating involuntary displacees.

Adegquate reclamation of land.

It has been shown that the consequences of a 5 percent annual
growth rate are far less severe for communities than production at the
maximum theeretical level would be. The dynamics of growth at the
theoretical upper limit of synthetic fuels production would probably
causc lasting damage in the {orm of costs pavable by future generations,
cycles of boom and bust, massive disturbances of land, rapid, perhaps
unwanted change in living conditions, and narrowing of vptions. A
5 percent growtﬁ rate would zallow time for needed planning and devel-
opment of public services and amenities, Thé job of comﬁunity—building,
in short, would be brought within the range of possibility by such a

constraint.
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Appendix C

PROJECTIQONS OF CASH FLOW FOR
THE PETROLEUM AND GAS INDUSTRY

The following gives financial accounting relationships used to de-

rive cash flow for the petroleum and gas industry, summarized from Hass,

Stone and Mitchell,8 Appendix B and Table 3-4.

Aszets

TA(t) = TA(t-1} + ACA{t) + ADA(E) + INV(t) - DEP(E)

where
t = year
TA{t) = total assets in year t.
ACA{tY = change in cash assets (CA(t)) from the previous year,
AOA(t) = change in other assets (OA(t)) from the previcus year.
INV{t) = investment in year t.
DEP(t) = depreciation on total assets in year t.
and
CA{t) = a TA(t) a = 0,32
DEP(t) = d TA{(t-1) d = 0,064
QA(t) = & TA(L) g = 0.08
then
l1-a-g-d) TA(L- -
TA(L) = (1-a-g-d) (1-1) + INV (1)
1-a—¢
.94 -1
TACE) = 4] TA{t-1) + INV(t)
0.60
NS
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Table A-5 (econcluded)

® Credit egency borrowing

Jources: Historieal. Federal Reserve Bulletin, Total New Issues table under Federally
Sponsored Credit Agencies, various issues,

Projections. Credit agency borrowing is taken from the New York Stock Ex-
change study over the 1975-1985 period and extrapolated to year 2000.

® State and local borrowing

tState end local borrowing is eqguivalent to state and loeal surplus or deficit in the
Survey of Current Business,

Sources: Hlstoriczl. Survey of Current Business, Nztlonal Income and Product, Table 14,
varinous issucs,

Projections. These projections zre taken from the New York Stock Exchange
study for the 1975-1985 period and extrapolated to 2000,
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industrv, decision making in the petroleum industry, government incentive policies,
local and netional economic impacts, erivironmental effects of strip wining, urbani-
zation of rural areas, air pollution control, water resources and their availability,
and population growth and boom town effects in previously rural areas,
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