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ABSTRACT

Surface and under-ground mining of coal in the Interior Region is en-

countering new problems - environmental, legal, and economic. USDA

economists are undertaking an integrated assessment of how alternative

patterns of coal development and use might affect agriculture, rural

people and communities, and the availability of land and water. This

report, one of a series, is primarily descriptive, laying groundwork

for analysis to be reported subsequently.

Twenty-four Coal Producing Areas (CPA's) are delineated, which together

contain all the commercially recoverable coal reserves of the Region,

or about 24 percent of the nation's total. The CPA's are mostly non-

metro in character, with a total population of about 7.6 million. Pop-

ulation growth has been moderate but steady. In some CPA's, especially

those in Southern Illinois and Western Kentucky, where the coal industry

is a major employer, inmigration rates have been large and population

has increased.

The Interior Region has about 24 percent of the nation's coal reserves,

and usually accounts for from one fifth to one fourth of the total pro-

duction. Since 1972 coal production has increased substantially in the

United States but the Interior Region has not fully shared in the in-

crease. Surface mining has been increasing and about 62 percent of the

total production now comes from surface mines. The coal is generally

high in sulfur content so there are serious problems of air quality

associated with its use.
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Most of the CPA's are rich in agricultural resources, with a favorable

climate and highly productive land, nearly all of which is in private

ownership. However, many of the surface mines are in the less favorable

agricultural areas of the Region. State and Federal laws now require

that all strip mined land be reclaimed, so that the loss in agricul-

tural production is temporary on the reclaimed portion. On land used

for permanent structure, however, the loss is permanent. Based on 1974

relationships the average annual gross farm income is equivalent to $93

per acre of land area. It is estimated that the average annual value

of farm production lost to strip mining in the next 25 years would be

about $17 million for the Region, which would represent about one fourth

of 1 percent of the total production capacity of the CPA's. Coal devel-

opment would affect the quality of water, mainly as a result of thermal

pollution and acid mine drainage downstream from power plants and mines.

Ample supplies of water are available in most locations so that water

shortages are not expected to result from increased coal development

—

at least not to the extent anticipated in the western regions.

NOTICE AND DISCLAIMER

This document is a preliminary draft. It has not been formally releas-
ed by the U.S. Environmental Protection Agency nor the Department .of

Agriculture and should not be construed to represent policy of either
EPA or USDA. The contents of this report reflect the views of the re-
search team only. It is being circulated for comments on its technical
merits and policy implications.
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SUMMARY

PEOPLE

During 1970-75, population expansion in the Interior coal Region was

moderate, compared to the total U.S. population growth. The Region as

a whole is similar to the overall U.S. population in most socioeconomic

characteristics, but there is a good deal of variation among the coal

producing areas (CPA's). However, when grouped into three types accord-

ing to their levels of 1970 employment in agriculture, manufacturing,

and mining, the CPA's of the manufacturing type, typified by IL-2

,

generally had higher levels of education, greater labor force partici-

pation rates, lower rates of poverty and higher median family incomes

than the total U.S. population. Areas where mining historically has

been the important industry, exemplified by KY-1, had a lower standard

of living, manifested by a high incidence of poverty (22.3 percent),

very low median family income, and lower levels of education.

However, the standard of living gap between the affluent manufacturing

CPA's and the less affluent mining CPA's may diminish, because if coal

production increases, higher levels of employment in mining and related

secondary industries will result. In KY-1, total earnings during 1970-

75 increased 68 percent while regional earnings increased 45 percent.

This suggests an improved standard of living may be forthcoming for

the Region's major coal producing areas.

Population growth varied with the size of town. Many towns of less

than 1,000 people decreased in size between 1940 and 1970, especially
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those in areas where agriculture is still the major source of employ-

ment. Middle size and larger towns (more than 1,000 people) increased

at a faster rate than the Region's small towns. This was most evident

in the manufacturing CPA's and in KY-1. Steady increases in coal pro-

duction in KY-1 since 1960 induced a generalized population expansion

in the area's larger towns.

COAL

The Interior Region contains about 24 percent of the U.S. coal reserves,

a percentage adjusted to a common heat-value basis to compensate for

different energy values per ton among coals. Total reserves in the

Region are about 105 billion tons, of which about 22 percent are sur-

face minable (strippable) . More than half of the reserves are in

Illinois, chiefly in IL-3 , IL-6, and IL-5 . Large reserves, both

strippable and deep minable, are also found in Kentucky.

Interior coals are all bituminous in rank but all are high in sulfur

content, so high that only about 2 percent are low enough to be con-

sidered "SO2 compliance coal" according to the standards of the Clean

Air Act. In addition, coal seams are thinner in the Interior Region

than in either the Northern Great Plains Region (NGP) or the Rocky

Mountain Region (RM) , so coal yield per acre is substantially less.

In Wyoming, for example, recoverable strippable reserves per acre are

five times the reserves per acre in the Interior. However, most In-

terior coal reserves are favorably located with respect to load cen-

ters and thus have an advantage in transportation costs over western

coal

.
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Historically, the Interior Region has been a major coal producing area,

but in spite of the recent increase in demand, mining activity in the

Interior has not shown a significant increase. The peak year for In-

terior was 1972, when production was 153 million tons. Since then

production has dropped off somewhat, reaching 143 million tons in 1976.

Part of the reason is the increased demand for SO^ compliance coal.

For years half the coal produced in Interior came from Illinois, but by

1973 western Kentucky was a close rival for the lead in production.

Even within these two states, production was highly localized. Two

counties, Perry in IL-5 and Muhlenburg in KY-1, together produced about

23 percent of the total for the Interior Region. Indiana was third

among the states followed by Missouri and Oklahoma. Production in

Arkansas, Iowa, and Kansas was in each case less than one half of one

percent of the Interior total.

Plans for expanding production include 38 mines, with an expected

annual average production of about 1.5 million tons each. Thirteen of

these are in Illinois, ten are in Kentucky, seven are in Oklahoma, and

five are in Indiana.

Most of the coal produced in the Region is used in the Region; only

about 28 percent was shipped out (1976 data). Twelve percent went to

mine mouth generating plants, 79 percent was shipped by rail and eight

percent by truck. In most Midwest markets, Chicago for example, Inter-

ior coal is at a locational advantage vis-a-vis Eastern or Western

coal. Since transport distances are relatively short, mining costs

are probably as important as transportation costs as market determi-
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nants; this is the reverse of the situation for coal from the two west-

ern Regions. Mining costs, estimated by model mine cost budgeting me-

thods, show that Interior coal would cost about $3.82 a ton, as com-

pared with $2.61 in the NGP and $4.37 in Appalachia.

About 87 percent of Interior coal is used to generate electricity;

there are 117 plants in the Region using coal as the principal source

of fuel. In addition 86 coal fired plants are planned or under con-

struction for states in the Interior Region.

Since much of Interior's surface minable coal lies under agricultural

land, the increased demand for coal has created pressures to use farm

land for strip mines and for energy processing plants. The process of

reclamation, now required by both State and Federal laws, is designed

to return surface mined land to productive uses. Reclamation costs

are highly site-specific, depending on quantity of overburden, slope,

mining method, and intended land uses after mining. According to one

group of estimates, costs could range from about $5,800 an acre ($1.23

a ton) to about $14,700 an acre ($2.01 a ton).

LAND

Unlike the two western Regions, nearly all the land in the Interior

Region is privately owned. However, there is substantial acreage of

National Forest land in the Arkansas CPA and some Indian land in the

Oklahoma CPA's. Mineral ownership is frequently separated from sur-

face ownership, and conflicts in interest may result.
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Most of the land in the CPA's in the Interior Region is used for com-

mercial agriculture. In some CPA's, such as IL-4, IA-2, and KS-1

,

nearly all the land is used for farms and nearly all the farmland is

cropland. However, some of the CPA's are less favorably endowed, es-

pecially the farms that are located in or near the Ozark Mountains.

There are about 173,000 farms with over $2,500 gross sales, and about

42,000 "other" farms (those with less than $2,500 gross).

Corn and soybeans are by far the most important crops, though in some

CPA's hay, sorghum, or wheat are important. Livestock are a more im-

portant source of farm income than crops, accounting for about $4.1

million out of a total of $6.8 million in gross farm sales. The most

important classes of livestock are beef cattle and hogs, though in AR-1

poultry account for most of the gross farm sales.

There is a wide variation in gross sales per farm within the Region.

The highest average, over $55,000 per farm, is in IL-2 , though IL-3,

IL-4, and IA-2 all average over $50,000 each. The Oklahoma CPA's are

at the bottom of the income scale; $14,000 is the average for 0K-3

.

For all the CPA's the gross sales per acre of land area was $93, which

is in sharp contrast to the average of $13 per acre for the NGP and $11

for the RM. Within the Interior Region the range was from $12 per acre

for 0K-3 to $157 for IA-2 and $159 for IL-2.

To anticipate the degree to which future coal development might affect

agriculture it is necessar" to make assumptions such as to the rate of

development, the type of mining (ie. surface or underground) and the

use to which the coal is put. By one such set of assumptions, it is
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estimated that there would be about 90 million tons of coal strip mined

annually in the period 1976-2000, about a third of which would be in

Kentucky, and a little more than one fourth in IL-5 and IN-3 . Land

taken out of production for mining and for energy processing plants

would average about 226,000 acres for this period. While the value of

production foregone would vary greatly from one CPA to another, the

total is estimated at about $17 million annually, based on 1974 in-

comes. Of this 30 percent would be in Kentucky, with most of the rest

in Illinois and Indiana. The total loss of production however, would

be equivalent to only about one fourth of one percent of the total pro-

duction capacity of all the CPA's in the Region. Hence, though the

loss may be imDortant to individual farmers and local communities, it

is not significant on a national or even on a regional basis. Also,

the use of prime farm land for mining requires special consideration

under the new reclamation laws, though data showing number of acres of

prime land in CPA's are not yet known.

Water availability is generally not a problem affecting coal develop-

ment in the Interior Region because nearly all the CPA's are located

in river basins where stream flow is adequate to take care of all anti-

cipated future needs. Ground water is generally available in quanti-

ties adequate for local use. In some CPA's, especially those further

west, shortages might occur in dry years if large increases in demand

for water were to develop. Water quality, however, could become a

serious problem whenever new coal development occurs because of the

possibility of thermal pollution from steam-electric plants or from

acid drainage from mining activities.



7

INTRODUCTION

ENERGY PROBLEMS, RESOURCES, AND THE ENVIRONMENT

Coal is being viewed as one part of a solution to this nation's prob-

lems of inadequate current supplies of energy from domestic sources and

overdependence on Imported oil. But the mining, transportation, and

burning of coal raise problems of environmental degradation. Moreover,

rapid development of massive coal mining operations and huge coal-burn-

ing electric power plants in a region also bring problems of major so-

cial and economic change, natural resource management, and competition

for some of these resources between new and traditional activities.

Coal development now underway in the Interior Region is a case in point.

Interior Region coal development, however, is being influenced to a sig-

nificant extent by a new twist — mitigation of environmental damage.

As one major step to reduce degradation of air quality, federal stan-

dards established in 1971 and tightened in 1977 include regulation of

sulfur dioxide emissions from fossil fuel combustion. Because one way

to meet these emission standards is to burn very low sulfur coal, and

because a major part of Interior reserves are relatively high in sulfur,

development of these reserves is not increasing at as rapid a rate as

in the Western Regions.

Even at modest rates of expansion, the coal industry in the region has

some obvious problems. How can the past rate of development be main-

tained or increased while minimizing damage and maximizing benefits to
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the region itself? Public policymakers and private enterprises alike

still have many options concerning how to proceed with coal development

and at what pace. Certain options are open even though a substantial

portion of total potential inputs for coal development, such as capital

investment in mining, has already been committed.

INTEGRATED ASSESSMENT AND THE ESCS PROJECT

What are some of the major options? What are some of the likely alter-

native patterns for Interior coal development? Previous reports have

addressed these questions and laid important groundwork. (3, 4, 6, 9,

1/, 19, 23, 35, 39) — However, a more comprehensive analytical system

is necessary. An analysis of these options should integrate many di-

verse impacts into an assessment of alternative systems for coal devel-

opment and then evaluate the interregional tradeoffs attributable to

these alternatives. Thus, ESCS has undertaken a comprehensive assess-

ment in its project, "Integrated Assessment: Economic and Social Conse-

quences of Coal and Oil Shale Development," performed in cooperation

with EPA.

This research is scheduled to continue through 1981, with the objective

of constructing an interregional analytical system based on a large

linear programming model. Initially, work focused on coal and oil

shale development in the Western States. Later in the Project, Eastern,

Gulf, and Pacific States will be brought into the analysis.

— Underscored numbers in parentheses refer to references listed at the

end of the report.
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This is the third in a series of regional profile reports examining the

human and physical resources of each region. The first two covered the

Northern Great Plains and the Rocky Mountain Regions. The

focus of the reports is factual and descriptive. They depict the situa-

tion in which the Regions found themselves in the mid-1970 f

s with re-

spect to coal development, and lay the groundwork for analysis. As

"situation reports" they can stand on their own, but they are not in-

tended to represent the project's analysis of coal development alterna-

tives and interregional tradeoffs. That analysis is reserved for fu-

ture reports.

METHODOLOGY: COAL PRODUCTION AREAS

Despite the descriptive nature of this report, a key analytical concept

is introduced — that of Coal Production Areas (CPA's). This is basi-

cally a method of classifying data along subregional, geographical

lines to facilitate later assessment of impacts of alternative develop-

ment patterns upon relatively small areas.

In addition to small-area data, regional aggregate information is also

needed. Defining a basic geographic unit for this report (the CPA)

permits the subsequent economic model to aggregate and, later disaggr-

gate back down to this smallest geographic unit. In other words, the

CPA is the basic geographic "building block" for the analytical system.

After considerable study of data availability, the research team de-

cided that the county, or groups of similar counties, should be used to
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define the boundary lines of CPA's. At times, site-specific informa-

tion may be used, but site-by-site data are not always available, uni-

form, or appropriate to the issue at hand. As a geographic unit for

organizing and aggregating basic data, the county is the best compro-

mise between specificity and generality.

However, when a topic or issue warrants, data will be assembled by

areas unrelated to county lines, such as river basins, or electricity

demand regions. It is acknowledged that effects of coal development,

such as electric transmission lines or commercial development, often

extend well beyond counties of coal production. The use of the CPA

concept will not inhibit analysis of such wider geographic effects.

Counties are grouped into CPA's if they contain coal in commercial or

potentially commercial quantities. Some CPA's may consist of only one

county, but most contain more than one; in the Interior Region all of

the CPA's have two or more. Counties where there is currently no known

significant amount of coal will not be included in CPA's.

The Interior Region consists of six states — Illinois, Indiana, Iowa,

Kansas, Missouri, and Oklahoma, plus parts of two states, Western

Kentucky and Northwestern Arkansas. Within this Region 24 CPA's were

established. Each is identified by a symbol consisting of a two-letter

abbreviation indicating the state, then a dash, followed by a numeral,

e.g., IL-1, KS-3, etc. They range in size from 707,000 acres for IN-1

to 7.5 million acres for IA-2 (Figure 1 ). The total area of all the

CPA's is 73 million acres or about 114,000 square miles. The total
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area of the six states, plus half of Arkansas and one third of Kentucky,

is 406,540 square miles, so the 24 CPA's comprise about 28 percent of

the total land area of the Region. The counties included in each CPA

2/
are listed in Table A-l. —

— Tables numbered with an "A" prefix are found in the Appendix.
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PEOPLE

by

Paul R. Myers —

The population of the Interior coal Region is distributed over an eight

state area, ranging from areas of substantial manufacturing employment

in Illinois, Indiana, and Arkansas, through areas that are largely ag-

ricultural in Missouri, Iowa, and Kansas, to the traditional energy

development areas of Oklahoma and Kentucky. In general, the people of

the Region are similar in most socioeconomic characteristics to the

total population of the United States. Even though all the CPA's in

the Region have a potential for coal production, in 1975 about three-

fourths of the coal mined in the Region was from Illinois and Kentucky.

Furthermore, most coal production was limited to a few counties in

Southern Illinois and Western Kentucky. Currently, most of the socio-

economic impacts of coal production are also limited to these few

counties (36 ) .

POPULATION, MIGRATION, AND EMPLOYMENT

The population growth patterns of the Region resemble those of nonmetro

United States, in that population gained but at a very slow rate, and

migration rates during the 1950 T

s and 1960 's were mostly negative

(Table 1). Population gain for the Region between 1940 and 1970, was

16.1 percent compared to 6.6 percent for the U.S. nonmetro areas and

— Myers is Social Science Analyst, Economic Development Division,

ESCS, USDA, Washington, D.C.
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53.8 percent for the U.S. total (27 ) . One factor contributing to the

moderate rate of growth for the Region was the general decline in agri-

cultural employment, due to emerging technology, throughout most of

the Region. Between 1940 and 1970, agricultural employment decreased

66.6 percent, or 370,744 people. This, no doubt, induced the negative

net migration rates of the 1950 's and 1960's, despite employment gains

in manufacturing of 111 percent. Even though losses in agricultural

employment were generalized for the Region, manufacturing gains were

selective to some areas (29) . Thus, some areas lost population and

employment opportunities while other areas made large gains. Alto-

gether, 13 of the 24 CPA's gained population between 1940 and 1970,

while 11 CPA's declined.

Five CPA's that exhibited strong population increases were 1L-2, IL-5,

IA-2, MO- 2, and 0K-1. Along with 1L-2, which had 33 percent of its

workers employed in manufacturing, the areas were characterized by

having large towns with steady urban growth. Cities such as East St.

Louis (IL-5), Ames and Des Moines (IA-2), Kansas City (MO- 2) , and Tulsa

(0K-1) contributed to the population increase in their respective areas

(28).

Population continued to increase for these five CPA's into 1970, mainly

due to growth in their larger urban centers and a stable manufacturing

base. OK-i, however, experienced a large increase in mining employment

between 1970 and 1975. Coal mining employment increased from 216

workers in 1970 to 444 workers in 1975 to meet the labor demand of

strip mines located in OK-1 (36 )

.
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Again, the common characteristic of the CPA's that lost population was

the large decline in agricultural employment, uncompensated by gains in

manufacturing. This pattern was true for IL-6, MO-1 (which had only

12.2 percent of its employment in manufacturing in 1970) and especially

OK-2 and OK- 3. For example, in 1940, OK-2 had 57.4 percent of its em-

ployment in agriculture, and by 1970, only 6.5 percent. This repre-

sented a loss of 9084 agricultural jobs in the area and induced a de-

cline in population of 21 thousand people between 1940 and 1970. How-

ever, increases in coal mining employment between 1970 and 1975 in some

of these areas stimulated new economic activity, especially in IL-6

where coal mining employment increased from 4640 workers in 1970 to

6086 workers in 1975.

As previously mentioned, most of the coal production in 1975 was in

four CPA's, KY-1, IL-5, IL-6, and IL—1. However, two counties, Perry

(IL-5) and Muhlenberg (KY-1), together produced about 22.6 percent of

the Interior coal Region's total in 1975 (36)

.

The population of Perry County increased moderately from 19,757 to

20,300 people during the 1970 to 1975 time period, although the CPA

lost population. Muhlenberg County, in KY-1, increased in population

by 10 percent, partly as a result of continuing increases in coal pro-

duction. There was an inmigration of 2000 people during the 1970-75

period ( 28 )

.

For the Region as a whole, total employment increased 9.3 percent, or

at a slightly greated pace than the U.S. employment (Figure 2). All

sectors of employment, except mining, at the regional level increased
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more, or decreased less than the comparable U.S. change in employment.

Mining employment increases were similar at about 20 percent, and coal

mining employment in particular increased about 50 percent for both

the Interior Region and the United States. This suggests that increas-

ed demand for domestic energy has impacted the Interior Region no more

than the rest of the United States.

SELECTED CHARACTERISTICS

In 1950, about 5.2 percent of the Interior Region's total population

was either Black or American Indian. Blacks numbered about 336 thou-

sand people and lived predominantly in the large cities of the Region

such as: East St. Louis (IL-5)
,
Bloomington (IL-2) , and Tulsa (OK-1).

Due to their relatively small numbers and their location in the metro-

politan areas, Blacks probably will experience very little impact from

increased coal production. American Indians lived mostly in the three

CPA's of Oklahoma, primarily 0K-1, around the Cherokee Recreational

Area. They represented about one half of one percent of the total pop-

ulation in the region (27_) .

Overall, the Interior Region's population was similar to the total pop-

ulation of the United States, except more of its people worked in the

mining industry, and the Region had a smaller percentage of nonwhite

people. However, characteristics varied across the Region according to

the industrial orientation of the CPA's. For example, in M0-1 which

had the highest percentage of agricultural workers, the people were

older, less educated, had lower labor force participation rates, and a
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very low median family income compared to the United States. On the

other hand, in IL-2, which is most representative of the Region's manu-

facturing CPA's, the people were younger, equally educated, had higher

labor force participation rates for males, and a higher median family

income than the United States average (Table 2 )

.

KY-1, the leading CPA in coal production, had 6.2 percent of its 1970

employed people working in the mining industry. There was a net inmi-

gration of over 18,000 people during the 1970-75 time period, and

population expansion of 9 percent. Total earnings for KY-1 increased

68 percent during the period. This gain in earnings outpaced the

Regional gain of 44.9 percent and the overall U.S. gain in total earn-

ings. In 1970, KY-1 compared unfavorably to the manufacturing and the

agricultural CPA's of the Region in educational levels, dependency

rates and labor force participation rates. The incidence of poverty in

KY-1 was 22.4 percent in 1969 compared to a 13.7 percent of the U.S.

rate. Improved earnings and increased employment opportunities in

mining and such secondary employment as transportation, trades, and

finance industries may bring an elevated standard of living to the

area during the 1970's.

TOWN GROWTH

The Interior coal Region was heavily agricultural in 1940 and charac-

terized by numerous small towns that were basic agricultural service

centers. As agriculture declined as a major employer in most of the

Region's CPA's, so did the population of many small towns. For example
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in MO-1, Powersville had 294 people in 1940 and declined steadily to

125 people by 1970. Lucern and Livonia in MO-1 experienced similar de-

clines during the same period. Small towns in other agricultural CPA's

in Kansas, Iowa, and Missouri also declined in population. Small town

decline also occured in KY- 1 . Towns such as Bremen, South Carrollton,

and Rosewood; all in Muhlenberg County (KY-1), steadily declined during

the 1940-70 period. Even in CPA's such as IN- 2, where the decline in

agricultural employment was offset by increased manufacturing employ-

ment, small towns generally declined.

Most middle size towns with population between 1,000 and 2,499 people

have grown throughout the Region, due mainly to steady increases in

manufacturing and mining employment. For example, Greenville in

Muhlenberg County, Kentucky increased from 2,661 people in 1940 to

3,875 people in 1970. Ohio County in KY-1, had two towns, Beaver Dam

and Hartford, that grew in size by 125 and 35 percent respectively,

while coal production from the County increased.

Large towns, those with more than 10,000 people, gained in population

between 1940 and 1970. Again, the growth was very evident in KY-1

with Hopkinsville, Christian County, growing from 11,724 people in

1940 to 21,250 people in 1970. Henderson in KY-1 also increased from

9,108 people to 22,976 people during the thirty year period.

Collectively, small town growth (less than 1,000 people), although

positive, was moderate, and gave way to greater rates of growth in the

Region's middle to larger size towns (more than 1,000 people). This

was most evident in the CPA's with major employment in manufacturing

or minine in 1970.
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COAL

by

Virgil Whetzel —

RESOURCES AND RESERVES

The Interior Region contains about 13 percent of those U.S. coal re-

sources at depths shallower than 3,000 feet and about 13 percent of

U.S. coal resources, measured as estimated tons in the ground (_2_) •

However, of all U.S. coal reserves, about 24 percent are in the Inte-

2/
rior Region.—

These comparisons are made without adjustments for differing heat val-

ules among coals. To make accurate comparisons of coal reserves among

regions, or even comparisons among different coals of the same region,

the units of measure should be common. For this report the British

Thermal Unit (BTU) is used as a common measuring unit. The average

— Whetzel is an Agricultural Economist, Natural Resource Economics
Division, ESCS, USDA. He prepared this section under the title:
Coal Resources and the Mining Industry of the Interior Region.

2/— The terms coal "resources" and coal "reserves" which must be distin-
guished, are used here as defined by the U.S. Geological Survey and
the U.S. Bureau of Mines ( 2 , 10) . In general the term "resources"
means the total quantity of coal in the ground within a certain
depth, and within a specified limit of coal bed thickness. By con-
trast, the term "reserves," that is "reserve base," is much mere re-

strictive, denoting only some of the "demonstrated resources' and of

these only those legally and eocnomically minable with present tec-
nology and equipment. Even though a deposit is classified as a "re-

serve" it is not necessarily attractive for near term development.
A deposit may be reclassified from "resource" to "reserve" if both
economic factors and extraction technology improve.
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heat value per ton of Interior coal is almost the same as that for all

U.S. coal (10, 22)-~

When the tonnages of all U.S. coal reserves are adjusted to a "standard

BTU coal" basis, the estimate of the proportion of U.S. coal reserves

located in the Interior changes hardly at all — only from 24.0 to 23.9

4/
percent.— On a standard basis, 15 percent of all U.S. coal reserves

is in Illinois, about 3 percent in both Indiana and Western Kentucky

and 2 percent in Missouri. Arkansas, Iowa, Kansas, and Oklahoma each

have less than 1 percent of U.S. coal reserves. At the 1976 rate of

Interior coal production — about 143 million tons — the Region's re-

serves would last about 732 years. This is merely an illustration of

size, not a forecast, since annual production of coal in the Interior

is not likely to remain constant.

3/— The heat content of Interior coal averages 22.5 million BTU per ton,

ranging from 20.2 million average for Iowa to a 27.5 million average
for Arkansas coal. A typical eastern bituminous coal contains 26.2

million BTU per ton. An approximate national average is 22.6 million
BTU's per ton.

— A "standard BTU coal" is defined in this report as that coal which

yields 22.6 million BTU per ton. Therefore, a quantity of any other

coal of a nonstandard BTU value per ton, yielding a certain total

heat value for that tonnage can be adjusted to a standard BTU coal

tonnage yielding an equivalent total heat value. The adjusted quan-

tity is called "standard equivalent."
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Strippable and Deep-minable Reserves

Interior coal reserves are all of bituminous rank.—[ Unadjusted for

heat value differences, Interior coal reserves total about 104.7 bil-

lion tons (1974) of which 81.2 billion were classified by the U.S.

Bureau of Mines as accessible only by underground mining, and 23.4 bil-

lion by surface mining alone. All but a negligible amount of these

coal reserves are located in the 24 CPA's as defined above.

With the exception of the three Kansas CPA's, which have only surface

minable coal, and Iowa, IA-2, which has only deep-minable coal, all

Interior CPA's have both deep-minable and surface-minable reserves

(Table 3). Of the 23.4 billion tons of surface-minable (strippable)

reserves, about 52 percent is located in the CPA's of Illinois, 17 per-

cent in those of Western Kentucky, 15 percent in Missouri, 7 percent in

Indiana, 6 percent in Kansas, and 2 percent in Oklahoma. Arkansas and

Iowa each have less than 1 percent of the Interior's strippable reserves.

Since the heat content of Interior coal approximates that of a standard

ton (22.6 million BTU's per ton) these percentages are about the same

on both an actual and standard equivalent basis.

— Rank is assigned to a coal according to its percentage of fixed car-

bon, the main determinant of its heat value. In general, the higher
the percentage of fixed carbon, the higher the rank. However, the

rank is calculated on a mineral - matter-free basis. Minerals and
ash content are used to calculate a coal grade (quality) within a

rank; in general, the greater the mineral and ash content, the lower
the quantity.
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Deep minable reserves are also concentrated in Illinois, 53.4 billion

tons. Indiana and Kentucky each have nearly 9 billion tons, Missouri 6

billion tons and Iowa 2.9 billion tons. Arkansas and Oklahoma each have

less than 1 billion tons and there are no deep-minable reserves in Kansas.

Sulfur Content

Sulfur content is a key factor in determining coal quality, especially

in light of federal air quality standards. If sulfur content is low

enough, a coal when burned, will meet 1971-1977 Clean Air Act sulfur di-

oxide emission standards without using scrubbers to desulfurize flue

gasses (but not the standards in effect for 1978 and beyond.—

^

— Sulfur in coal burned by electric power plants contributes to equip-
ment corrosion and the formation of boiler deposits. Sulfur oxides
as combustion products emitted to the atmosphere can be injurious to
many forms of life, including humans, crops, and forests. In recog-
nition of these deleterious effects, sulfur dioxide in the atmosphere
and sulfur dioxide from certain emissions are limited by the Clean
Air Act (CAA) through its provisions for 1) air quality standards
to be achieved by "State implementation plans" (SIP) , and 2) new
source performance standards (NSPS) for new electric generating plants
and other new facilities constructed since 1971. The NSPS in effect
from 1971 through 1977 required that no more than 1.2 pounds of sul-
fur dioxide be emitted per million BTU of fuel burned. Sulfur diox-
ide is formed at that approximate rate during normal combustion of

coal containing 0.6 pound of sulfur per million BTU. Therefore, at

this rate of sulfur dioxide formation no more than 0.6 pound of sul-

fur per million BTU can be present (in order to comply with NSPS) in

a fuel intended for combusion without the use of flue gas desulfuri-
zation equipment (stack gas scrubbers) . It follows that for a stan-

dard BTU coal containing 22.6 million BTU per ton, the def acto upper

limit is 14 pounds of sulfur per ton or 0.7 peicent sulfur, if the

coal is to yield sulfur dioxide emissions (without scrubbers) no

greater than the legal limit for 1971-77 "new sources." NSPS mandated
by the 1977 Clean Air Act Amendments prescribe "best available control
technology," generally interpreted as stack gas scrubbers. Neverthe-
less, sulfur content is still an important consideration since scrub-
bers are not required for 1971-77 new sources, and since coal sulfur
content affects scrubber operations. In general, the lower the coal

sulfur content, the easier the scrubber operation and the better the

potential for removing a high percentage of a coal's sulfur content.
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Coal containing 0.6 pound or less of sulfur per million BTU will meet

these emission standards and is therefore defined in this report as "SO^

compliance coal. —

It is important to know how much of the Interior's coal reserves can be

classified as SO^ compliance coal. Burning this low sulfur coal without

stack gas scrubbers is a major alternative to installing stack gas scrub-

bers for thos electric plants governed by the 1971-1977 NSPS (new source

of performance standards).

Researchers at Argonne National Laboratory have estimated the amount of

NSPS coal available, on a county basis, for the United States using the

following formula:

(pounds SO^ emitted/ton coal fired) = 38S

where 38 is a constant and S is the percentage sulfur in the coal (for

coal containing 2 percent sulfur, S = 2) . If the heating value of coal

3
is H (in 10 BTU/lb.), then a generating unit meeting the NSPS must have

(lb. SO emitted/10
6

BTU) = 38S (lb. SO emitted/ton coal fired)
1

X (1/2000) (ton/lb.

)

3
X 1/H (lb. of coal/10 BTU)

= 1.2 (lb. SO /10 6 BTU) (NSPS limit)

or, (S/H) = .0632 for NSPS

As an example, with 12,000 BTU/lb. (H = 12), the sulfur content must be

0.76 percent (= .0632 X 12) or less to meet NSPS (21).

—
^ The concept of "compliance coal" is already established. The term

is used in the coal trade, and refers to likely compliance with SO^

NSPS. Also, the concept is used by the U.S. Bureau of Mines in a

recent report on coal sulfur content ( 4 )

.
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Roughly 2 billion tons, or only about 2 percent of the Interior's total

reserves are estimated to be SO^ compliance coal. Illinois, Iowa,

Kansas, and Missouri have no SO^ compliance coal (Table 4 ).

Reserve Characteristics and Mining Economics

Although many factors affect the economic feasibility of strip mining

of coal at any given site, the main factor is the thickness of overbur-

den relative to the thickness of the coal seam, that is, the stripping

ratio. The lower the stripping ratio, the better. For the Interior

strippable coal reserves, overburden averages 62 feet and seam thick-

ness 42 inches, for an average stripping ratio of 18.0:1. Among the

states in the Interior, variation ranges from a maximum average of 60

feet of overburden and 25 inches of seam thickness, 28.8:1 ratio, in

Arkansas, to minimum average of 30 feet of overburden and 24 inches seam

thickness, 15.0:1 ratio in Missouri and Oklahoma (10 , 22 , 38 )

.

Another way to express these relationships is as cubic yards of over-

burden per ton of coal. By this concept, Interior strippable reserves

average 19.8 cubic yards overburden per ton, ranging from 32.3 cubic

yards in Arkansas to 16.8 cubic yards in Missouri and Oklahoma (10 , 22 ,

38 ) . On still another basis — tons of recoverable coal per acre of

surface area above the coal — CPA IL-5 leads, averaging 8,235 tons of

g /

reserves (standard BTU coal) per acre.— CPA KS-2 is lowest with 1,555

Q J— Recoverability is assumed to be 80 percent of the coal in the block

being mined. Although recoverability varies, this figure is usually

accepted as a fair average for most strip mining operations.
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Table 4 —Interior Region coal reserves by
to heating value ratio

sulfur content

Coal reserves-/
State and [-

Sulfur Content /Heating value 0t S/10 J Btu/lb. )

cpa ;-
. 021 . 042 . 050 . 063^/ .100 ,210 .246 . 316

-Million

Arkansas-'
AK-1 0 0 21 26 397 633 633 633-'

Illinois
IL-1 0 0 0 0 28 52 64 3,460
IL-2 0 0 0 0 179 544 628 1,854
IL-3 0 0 0 0 347 2,610 2, 742 3,396
IL-4 0 0 0 0 170 1,414 1, 478 3,008

IL-5 0 0 0 0 205 257 664 2,614

IL-6 0 0 0 0 5 ,281 6,557 7, 925 10,747
Total 0 0 0 0 6 ,210 11,434 13, 501 25,079

Indiana
IN-1 0 0 0 274 284 294 299 370

IN-2 0 0 0 544 1 ,894 2,960 2, 960 3,256
IN-

3

0 0 0 225 360 385 2, 209 4,617

Total 0 0 0 1,043 2 ,533 4,139 5, 468 8,243

Iowa
IA-1 0 0 0 0 0 0 0 510

1A-2 0 0 0 0 0 0 0 279

Total 0 0 0 0 0 0 0 789

Kansas
KS-1 0 0 0 0 0 9 15 23

KS-2 0 0 0 0 0 0 0 1

KS-3 0 0 0 0 0 274 480 770

Total 0 0 0 0 0 283 495 794

Western
Kentucky
KY-1 0 220 232 973 1 ,422 1,693 2, 489 9,184

Missouri
MO-1 0 0 0 0 0 0 183 189

MO-

2

0 0 0 0 0 0 50 51

MO-

3

0 0 0 0 0 0 218 225

MO- 4 0 0 0 0 0 0 12 12

MO-

5

0 0 0 0 0 0 453 468

Total 0 0 0 0 0 0 916 945



30

Table 4 —continued

State and
Coal reserves

Sulfur Con tent /Heating value (% S/10 J Btu/lb.)
CPA

: .021 .042 . 050 .063=' .100 . 210 . 246 .316

Oklahoma
OK-1 0 6 53 99 122 272 274 493
OK-

2

0 9 9 99 447 465 465 465
OK-

3

0 1 1 5 96 2-52 252 252
Total 0 lb 63 203 665 989 991 1,210

Interior
Total 0 236 316 2,245 11,232 19,176 24,493 46,877

§1

Arkansas
AK-1 0 0 3.0 4.1 62.7 100.0 100.0 -LUU . u

Illinois
IL-1 0 0 0 0 0.4 0.8 0 Q 50. 5
IL-2 0 0 0 0 4.0 12.2 14.1 Al ^ti . J
IL-3 0 0 0 0 1.6 11.7 12.3
IL-4 0 o o 0 3.9 IO QJz . 0 34 .

3

69.8
IL-5 0 0 o 0 2.0 ? S£. • J O . D 25.6
IL-6 0 0 o 0 30.1 37 .

4

L ^ 94 D . t. 61. 3
Total 0 0 o 0 9.4 ML ?o ftZU . D JO./

Indiana
IN-1 0 0 0 41.0 42.5 44.0 44.7 55.3
IN-

2

0 0 0 13.8 48.1 75.1 75.1 82.6
IN-

3

0 0 0 3.7 6.0 14.7 36.8 76.8
Total 0 0 0 9.8 23.9 39.0 51.5 77.6

Iowa

IA-1 0 0 0 0 0 0 0 29.9
IA-2 0 0 0 0 0 0 0 20.5
Total 0 0 0 0 0 0 0 25.7

Kansas
KS-1 0 0 0 0 0 21.4 35.7 54.8
KS-2 0 0 0 0 0 0 0 1.4
KS-3 0 0 0 0 0 21.5 37.7 60.4

Total 0 0 0 0 0 20.4 35.7 57.2

Western
Kentucky
W"1 0 1.7 1.8 7.7 11.3 13.5 19.7 72.8
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Table 4 —continued

State and

CPA

Coal reservestl

: Sulfur Content/Heating value (% S/10 J Btu/lb.

)

: .021 .042 .050 .063-^ .100 .210 .246 .316
-Percent-rf

—

Missouri
MO-1 0 0 0 0 0 0 7.6 7.9
MO-

2

0 0 0 0 0 0 7.2 7.4

MO-

3

0 0 0 0 0 0 5.6 5.8

MO-4 0 0 0 0 0 0 0.8 O.S
MO-

5

0 0 0 0 0 0 42.9 44.3
Total 0 0 0 0 0 0 9.7 10.0

Oklahoma
OK-1 0 1.2 10.8 19.2 23.6 52.7 53.1 95.5
OK-

2

0 1.9 1.9 21.2 95.9 99.8 99.8 99.8
OK-

3

0 0.3 0.3 1.6 30.8 80.8 80.8 80.8
Total 0 1.2 5.2 15.7 51.4 76.4 76.6 93.5

Total
Interior 0 0.2 0.7 2.1 10.7 18.3 23.4 44.8

Excludes reserves that do not meet the minimum of requirements of two sets of

standards related to air quality , N'ew Source Performance Standards (NSPS) and

National Ambient Air Quality Standards (NAAQS). Entries indicate reserves with
S/H ratio less than or equal to value, hence are cumulative.

Meets federal New Source Performance Standards (NSPS) without flue gas

desulfurization.

Excludes the lignite area of Arkansas which is included in the Gulf Region.

Includes 96 million tons of anthracite.

Cumulative percent of CPA reserve.

Source: Argonne National Laboratory. Coal Supply and Air Quality Limitations on Fossil
Fueled Energy Centers. August 1976. (21 )
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tons (standard) per acre (_10, _22, 38 ) . This compares to the average

for the entire Interior of 5,040 tons (standard) per acre.

Recoverable coal reserves per acre of these magnitudes are relatively

small. By comparison, recoverable strippable coal reserves average about

15,900 tons per acre in New Mexico, 27,200 tons per acre in Montana and

33.000 tons per acre in Wyoming (all standard BTU coal). The coal seams

in the Interior Region are much thinner than in the Rocky Mountain and

Northern Great Plains Regions. As a result, recoverable strippable re-

serves per acre in Wyoming, for example, are 5 times the reserves per

acre in the Interior. When mining commences, the amount of recoverable

reserves per acre is a major influence on production of coal per acre,

and on mining costs per ton.

PRODUCTION AND UTILIZATION

Historical Trends

Historically, the Interior Region has been considered a major coal pro-

ducing area. However, in recent years as the demand for coal has in-

creased, especially the demand for SO^ compliance coal, mining activity

in the Interior has not shown a significant increase (Figure 3).

In 1932, the Interior Region produced about 68.5 million tons of coal,

22.1 percent of total U.S. production. Subsequently, with the exception

of the mid-1950' s, when 20.7 percent of total U.S. production came from

the Interior, relative production increased from 1940 through 1972, when

153.5 million tons of coal were produced, 25.8 percent of U.S. total.
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Figure 3. Coal Production, United States and Interior Region, 1932-76
(selected years)

Million
Tons

700

na
INTERIOR REGION

1935 1940 1945 1950 1955 1960 1965 1970 1975

SOURCE: U.S. Bureau of Mines, Minerals Yearbooks. Various years. (36)
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By 1976, production from the Interior had decreased to 143 million tons,

21.5 percent of U.S. total (Table A-2) (33, 36)-

Historical trend data for individual states are shown in Figure 4

With the exception of Arkansas and Oklahoma, which have shown sustained

growth since 1971, coal production in the Interior states has fluctuated

considerably. In 1976, production from each state, with the exception

of Kentucky, Missouri, and Oklahoma, was less than 1945 production, the

year of peak production for most states. Illinois has consistently been

the top producing state with a peak production of 73 million tons in

1945, dropping to about 58 million tons in 1976. Western Kentucky has

had the greatest absolute growth in production, from 26 million tons in

1950 to a peak of 56 million tons in 1975.

As annual coal production in the Interior has fluctuated the amount ex-

tracted by surface mining has also fluctuated. However, the general

trend has been for a larger proportion to be mined by this method. In

1940, 35 percent of the coal produced in the Interior was by surface

mining. In 1976, about 62 percent was surface mined. In 1975, there

were 368 mines operating in the Interior. Of these mines, 306 were sur-

face mines, 52 underground mines, nine surface-auger, and one auger

mine. Coal was extracted by surface mining in each of the Interior

states. Of the 306 surface mines in the Interior, 55 produced 500,000

tons or more in 1975. These 55 mines accounted for 52 percent of total

coal production and 85 percent of production from surface mines (Table

5).



35

Figure 4. Coal Production of the Interior States, 1932-76
(selected years)

Million
Tons

80 _

1932 1940 1945 1950 1955 1960 1965 1970 1976

SOURCE: U.S. Bureau of Mines, Minerals Yearbooks. Various years.

(

36 )
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Table 5 . Hieier of aloes and quantity of production by State, stie and type of aloe for the Interior legion, 197$.

State and

type of
Bine

200 .000-699.999 : 100,000-199,999
tons : to n s

s 0uar.: ::<• : . s Qua ntlt*

50,003-99.999
tons

10,00O-i9.999
tors

Less than 10.000
tons

TOTAL

_ .-I
1 r;s Quanrly_ >Urws Qca->c'.:y Y.:~es Qua.- 1 In

Arkansas
Strip
fatal

1 211 106 1 95 3 70 2 5 8

1 211 ! 106 1 95 3 70 2 $ 8

Illinois
Underground 19 31,322 I 453 101 21

Strip 18 26,237 2 765 $ 379 9 270 3 9 37

fatal It 37 57,559 3 1.218 101 5 379 9 270 3 9 58

Indiana
Underground 2 188 2

Strip 13 22,176 814 5 751 10 648 18 474 13 53 60

fatal If 13 22,176 1 (14 5 751 12 857 18 474 13 53 62

tow,

Underground 1 W 1 y 2

Strip 2 V 5 128 V 8

fatal \l 1 V 3 220 5 128 1 V 10

K.*n«.is

Strip 1 V 1 V 1 46 1 V 4

fatal H 1 V 1 46 1 V 4

Leatucly, Vest
Underground 21 24.270, 1 426 1 168 2 112 2 78 27

Strip 17 24 .96 1 8 2.581 9 1,247 11 715 53 W 257 48 261 146

Strip-auger 1 144 86 4 88 3 13 9

fatal U 38 49.181 9 3.007 11 1.560 14 912 59 1.424 51 274 182

Kiaaourl
Strip S 4.454 3 1.080 0 3 V 12

iui.rr 1 V 1

total U 5 4.454 3 1.080 1 V 1 V 3 V 13

0*1 aSow
Strip
fatal

7

2

1.426
1.426

7
7

959

959

2

2

149

149

13

13

304

304

7

7

35

35

31

31

Interior
Underground
Strip

40
Si

55.542
79,254

3
16

879
5.451

2

23

269

3.063
144

5

31

300

2,006
86

2

103

4

78

2,549
88

78

3

363

13

52
306

9
Strip-auger 1

V 1

auger
fatal il 95 134,796 19 6,330 26 3,471 38 2,612 109 2.716 81 376 368

If Data withheld to avoid disclosure of Individual aloes.

If Data My not add to total, shown because of Independent rounding and withheld data.

Sovrca: ».S. lurtau of Klnea. Coal-»ltualooui and Lignite In 197$. ( 33 )

31.87$
27,661
59,537

188
24,935
25,174

2S9

6:2

25.0O1
31.072

311

56.357

$.639
V

S.6W

2.872
2.872

$7,430
93.35i

331
«

151.117
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In 1975, Illinois had the largest production, producing 59.5 million

tons from 21 underground and 37 surface mines. Western Kentucky was a

close contender, producing 56.4 million tons from 182 mines, 146 sur-

face, 27 underground, and nine surface-auger. Indiana was third with

62 mines, 60 surface, producing 25.1 million tons. Iowa was the only

other state in the Interior with undergound mine production, producing

0.6 million tons from two underground and eight surface mines. Arkansas

and Kansas, having eight and four mines respectively, produced about

0.5 million tons each. Missouri with 12 surface mines and one auger

mine produced 5.6 million tons and Oklahoma with 31 surface mines pro-

duced 2.9 million tons.

Projections and Future Plans

Projections of coal mine development in the Interior have been made by

the Bureau of Mines, based on known conditions. Planned coal mine de-

velopment, including new mines, reopening of old mines, and expansion

of existing mines, is projected to add nearly 60 million tons of coal

mining capacity in the Interior. This, however, may not be an increase

in net capacity due to closing or decreased production of existing

mines (

5

, 37 )

.

The planned development includes a total of 38 mines — 27 underground,

10 strip, and one undergound-strip. About one-third of these mines, 13,

are planned for Illinois. Kentucky, Oklahoma, and Indiana have plans

for 10, seven, and five mines, respectively. Arkansas, Iowa, and Kansas

each have one. Nearly all new production is scheduled for the steam

coal market (Table 6 )

.
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It should be noted that these are planned mines, so various factors,

economic, environmental, legal, etc., could cause additions to, or

deletions from, this number.

Origin and Destination

Demand for Interior coal outside that region, on a relative basis, did

not change much during the period, 1967-1976, ranging from 27.1 to 31.4

percent of regional production. On an absolute basis, out of region

shipments increased from about 38 million tons in 1968 to 47 million

tons in 1975, then dropped back to 42 million tons in 1976 (Table 7).

In 1976, shipments were made to 13 non- Interior states (32)

.

The geographic distribution pattern is different for coal from each of

the states of the Interior. In 1976, Illinois consumed about 25 million

tons (43 percent) of its own coal production, shipping 41 percent for use

elsewhere in the Interior (Figure 5). Indiana used 21 million tons (81

percent) of its own coal production, shipping 9 percent to other Interior

states and 10 percent outside the region. Data on shipments to Eastern

and Western Kentucky were not distinguished. However, about 33 percent

of Western Kentucky's coal was consumed in the State of Kentucky, 13

percent in other Interior states, and 54 percent shipped out of the Re-

gion. Iowa consumed its entire coal production, .5 million tons. Data

on coal shipments from Arkansas, Kansas, Missouri, and Oklahoma are not

available on an individual state basis. However, as a group, about 94

percent of the coal production from these states was consumed within

the Region (32).
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Table 7 . Out-of-Region coal shipments from Interior
States, 1967-1976.

Year ! Total distribution 1/ : Out of region Percei

(1,000 tons) (1,000 tons)

1967 : 139,263 38,267 27.5

1968 : 135,427 37,757 27.9

1969 : 142,088 38,541 27.1

1970 153,168 45,225 29.5

1971 138,382 41,423 29.9

1972 155,722 46,788 30.0

1973 : 152,558 46,366 30.4

1974 143,844 44 , 160 30.7

1975 : 150,630 47,240 31.4

1976 : 147,319 41,833 28.4

1/ Production from Texas which is included in U.S.B.M.
District 15 is excluded in distribution. Shipments to

Eastern Kentucky are excluded.

Source: U.S. Department of the Interior, Bureau of Mines.

Mineral Industry Surveys., Bituminous Coal and Lignite
Distribution. Calendar year 1976 (and earlier years). (32)

For conceptual reasons total distribution amounts dif-
fer slightly from total production amounts reported in

other Bureau of Mines time series.
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A3

Mining and Transportation Costa

The cost of mining coal in the Interior is one important determinant of

its competitive position in demand areas with respect to alternative

fuels and costs of most other regions. Of course, allowances for trans-

portation costs are necessary to determine, for example, how far east

or west Interior coal can be competitive with Western and Appalachian

coal. In general, the cost of mining a ton of coal in the Interior is

less than in Appalachia, but more than in either the Mountain or

Northern Great Plains Regions (14 , 1_5, _34)

.

Several approaches are used to estimate average cost of mining a ton

of coal in the Interior. Cost budgeting for "model" mines with differ-

ent configurations typical of the Interior has been employed by the

U.S. Bureau of Mines. Assumptions are made about the kinds and sizes

of mining equipment suited for assumed layouts, overburden, and mining

plans. Then costs are estimated based on the variables.

Study of the several BOM reports leads to the conclusion that (1) there

are economies of size. As a rule, the larger the annual mine output,

the lower the total operating costs per ton of coal mined; and, (2) the

stripping ratio is an important element in determining the mining costs.

In general, the lower the stripping ratio the lower the unit cost of

mined coal.

Model mine cost budgeting is a site cost technique which requires de-

tailed knowledge of mining and is not easily adaptable for assessment

of mining costs for the large number of potential mine sites in the
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Interior. Since these costs are affected by many factors, they will

have to be considered in relation to each mine's' own special situation

and requirements. With this in mind, model mine operating costs may be

useful in comparing the relative production costs of mines between re-

gions. In a recent BOM publication, these costs were shown to be $3.82

per ton in the Interior in 1975 (Table 8). This compares with $2.61 per

ton in the Northern Great Plains and $4.37 per ton in Appalachia (14).

Transportation costs of coal are a major determinant of a coal mine's

market area. Transportation costs for coal may constitute over 50 per-

cent of the total cost of the delivered product. Of 1975 Interior coal

output, about 12 percent (on a raw tonnage basis) went to mine mouth

generating plants, 79 percent was shipped by rail or water, and 8 per-

cent by truck. On a percentage basis, Oklahoma was the largest user of

rail and water shipment, moving 90 percent of its coal by those methods

(6 percent by water). Arkansas, Illinois, Indiana, and Western Kentucky

each shipped 80 percent or more of their coal by these methods. Most

of Iowa's coal, about 82 percent, was moved by truck and most of

Missouri's coal, 67 percent, went to mine mouth generating plants (38)

.

In Midwest markets, Chicago, for example, Interior coal is at a loca-

tional advantage vis-a-vis Eastern or Western coal; it is 1,278 miles

from Billings-Chicago, compared to 255 miles Centralia, IL-Chicago.

Major factors affecting rail transportation costs are (1) distance,

(2) size of shipment, (3) type of equipment, unit or conventional.

Characteristic shipping rates for coal from the Interior in 1973 ranged

from 6.57 cents per ton mile for 35 miles to .49 cents per ton mile
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Table 8 Estimated annual operating cost for a hypothetica
6.72 million ton surface mine in the Interior Region—

Annual cost Cost per ton

Direct cost:

Production:

$1,400,600
316,500

$0.21
.05

1,717,100 .26

Maintenance:

SuDcrvi ^lon
594,400
72,000

.09

.01

666,400 .10

ODPratino ^unnlip*?*V W 1 U U J 1 1 W O U w p 1 1 \- O o

Fuel, oil, and lubrication
Drill bits

Tires

Hi seel 1 a neou s

1,075,200
672,000
201 ,600

1,411,200
336 000

.16

.10

.03

. UJ

.21

. 05

4,032,000 .60

1,209,600 .18

Reclamation (cojitractegLJtoJi-mulching,
1 lminn fori ll i 7 "i nn anrl coorl 1 nn ^
i i m i i i y , i ci til i l 1 1 ly 5 a i iu bctu 1 1 ly j . . . • . ?6ft fiOO 04

Payroll overhead (40 percent of payroll) 953,400 .14

5,250,400 .78

3,360,000 .50

625,000 .09

Indirect cost:

15 percent of labor, maintenance, and
962,300 .14

Fixed cost:
Taxes and insurance, 2 percent of

1,442,300
5,209,100

.22

.77

6,651,400 .99

Total 25,696,400 3.82

Source: Basic Estimated Capital Investment and Operating Costs for Coal

Strip Mines. U.S. Bureau of Mines Information Circular 8661.
1976. (_14)

J7 Based on 1975 cost index
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moving 272 miles (Table 9 ) (17) . Economics of haul are generally

realized with increases in shipping distance, train load, and annual

tonnage. In 1975, unit train shipments accounted for 23 percent of all

coal shipments from Interior mines.

When looked at from the standpoint of transmitting energy, costs of

transmission from mine-mouth generating plants in the form of electri-

city can be compared with the cost of transporting the coal. One theo-

retical engineering study compared likely costs of transmitting extra

high voltage electricity vs. transporting coal by unit train for an

energy transmission distance of 1,000 miles. Comparisons were made

between the costs of the two transmission modes in transferring energy

(than is, the equivalent electrical energy contained in coal) for quan-

tities of this equivalent contained in 3 million tons of coal per year,

ranging to the equivalent of 18 million tons. Only for the extremely

large electricity transfer quantities of 15 to 18 million tons of coal

equivalent per year was extra high voltage transmission able to show

economies of scale sufficient to bring per unit energy transmission

costs to the cost level maintained by unit trains (Figure 6 ) (18_) .

Usage by Electric Utilities

Nationally, the continued growth in the demand for electricity has been

the main force behind the recent surge in coal development. However,

due to new air quality standards of the Clean Air Act, the Interior has

not shared proportionally in this growth. Even so, nearly 87 percent

of Interior coal is used to generate electric power (Figure 7 ). Most

of this coal is used within the region.
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Table 9 . Costs for alternative configurations of coal
shipments by rail from the Interior Region

Origin point :

within: :

Consumption point
within:

Shipping
dis tance

Minimum
trainload

Annual :

tonnage :

supplied :

Costs per
ton mile

Miles 1,000 tons 1,000 tons Cents

Dist. 9 (Western Kentucky) Eastern Kentucky 88 1/ 750 1.32

Dist. 9 (V.'estern Kentucky) Tennessee 272 6 1,000 .49

Dist. 9 (Western Kentucky) Wisconsin 627 10 1,000 .50

Dist. 10 (Illinois) Illinois 75 4 1,300 1.87

Dist. 10 (Illinois) Iowa 35 1/ 100 6.57
Dist. 10 (Illinois) Minnesota 727 10 1/ .66

Dist. 11 (Indiana) Indiana 38 3 500 2.74

Dist. 11 (Indiana) Tennessee 454 1/ 1/ 1.11

Dist. 11 (Indiana) Wisconsin 225 1 300 1.94

Dist. 12 (Iowa) Iowa 272 1/ 1/ 1.32
Dist. 12 (Iowa) Iowa 150 1/ 1/ 2.20
Dist. 12 (Iowa) Missouri 100 11 1/ 2.28

Dist. 14 (Oklahoma,
Arkansas) Kansas 218 6 1/ .85

1/ None specified

Source: Comparative Transportation Costs of Supplying Low-Sulfur Fuels to Midwestern and
Eastern Domestic Markets. U.S. Bureau of Mines Information Circular 8614 . (jZ.)
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figure 6 Cost comparisons of alternative modes of coal energy
transmission (for 1,000-mile transport distances)

5.0

4.5

4.0

3.5

3.0

2.5

2.0 -

1.5

UNIT TRAINS

€>0.G<*/TON MILE

EHV COSTS ADAPTED FROM FPC

1970 NATONAL POWER SURVEY PART I

1973 COSTS BASIS

I | I

1 2 3 4

MILLION KILOWATT PLANT CAPACITY

.MILLIONS TONS PER YEAR COAL

1
18

Source: National Academy of Engineering: U.S. Energy Prospects: an Engineering
Viewpoint. (T8)

3
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Source: U.S. Bureau of Mines. Bituminous Coal and Lignite Distribution (33)
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As of 1976, there were 117 electric power generating plants in the

Interior using coal as the sole or a significant source of fuel. Coal

use per plant ranged from 1,000 to 5,638,000 tons annually, while out-

put capacity ranged from 2.5 to 2,553 megawatts (Table A-3)

.

Coal production costs (mine-mouth) in the Interior are lower in compar-

ison with costs of Eastern coal but higher than Western coal (see pre-

vious section on mining costs). When compared to Eastern coal this is

an initial competitive advantage for Interior coal. When compared with

Western coal, before calculating transportation costs to any given con-

sumption point, the initial competitive advantage favors Western coal.

The competitive advantage of Interior coal is further weakened due to

the shortage of available reserves of compliance coal within the

Region.

Further analysis of the competitive position of Interior coal in the

U.S. markets is beyond scope of this report, but will be undertaken by

the Interregional Coal Analysis Model referred to in the Introduction.

The key roles played by transportation costs and capacities as well as

public policy in determining this competitive position can be addressed

through quantitative techniques.

Projections of the electric utility component of total demand for In-

terior coal have been made by the Bureau of Mines, based on known con-

ditions. Demand for steam coal from the Interior is projected to in-

crease, between 1975-1983, by about 42 million tons (35)

.
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However, factors not tied to the mining process could easily change

some of these conditions. For example, Federal sulfur dioxide emission

standards or other air quality standards could be revised again, as

they were in 1977. Therefore, the quantity of the Interior coal demanded

within the Region as well as in other regions could be sharply affected

by any change in emission standards.

In addition, other actions in the near future could affect the demand

for Interior coal. Deregulation of natural gas prices could be one of

these actions. The pricing of natural gas, even if not deregulated, is

extremely important since coal and natural gas are substitutable in

certain uses, especially medium to long term. Different patterns of

coal transportation via rail or slurry pipeline might develop in re-

sponse to various constraints, thereby altering demand patterns. All

these actions and factors could come together in complex forms, which

can be analyzed in the context of an econometric model.

Projections being made through 1985 have the advantage «of taking account

of implementation of actual plans for new electrical generating capa-

city. Lead time may take 8 years, sometimes longer. In the Interior,

for the 1976-85 period, there are 86 additional coal fired plants under

construction, planned or proposed, with electricity output ranging from

11 to 1,300 megawatts per plant, and using 40,000 to 3,000,000 tons of

coal annually (Table A-4) . Engineering plans for gasification and

liquification plants in the Interior have been prepared, but firm

decisions have not yet been made to construct any of them on a commercial

basis

.
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RECLAMATION OF MINED LAND

By

Greg Stamm and Virgil Whetzel —

The effects of abandoned and unsuccessfully reclaimed surface mine

sites have long been known to the Interior Region ( 3 , 23 ) • The dam-

ages caused by erosion, sedimentation, impaired drainage, degraded

water quality, loss of productivity and loss of aesthetics can be found

in many areas where surface mining has occurred. In the Interior, much

of the surface minable coal lies under agricultural land. It is esti-

mated that from 1930-1976, 925,000 acres of land were disturbed by sur-

face mining in the Interior. This includes 698,000 acres for actual

mining and 227,000 acres for related mining activities (2C) , 38 ) .

Since much of the Interior's surface-minable coal lies under agricul-

tural land, the increased demand for coal has created pressures to use

up farm land for coal production purposes. This has increased land use

conflict based on controversies between economic, environmental, social,

and aesthetic interest groups, and in many cases has heightened opposi-

tion to surface mining. The process of reclamation is intended to mini-

mize adverse effects during and after mining, and return surface mined

land to productive use.

— Stamm is a Research Assistant, Division of Resource Management, West

Virginia University. Whetzel is an Agricultural Economist, Natural

Resources Economics Division, ESCS, USDA.
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LEGISLATION

Although some mining companies have practiced reclamation techniques

for years, due to the expenses involved, reclamation of mined land, in

the past, was not the general practice. However, as an increasing

amount of land became affected by surface mining, it became evident

that reclamation requirements were needed to control physical and chemi-

cal pollution of land and water. Early laws passed in Indiana (1941),

Illinois (1943), and Kentucky (1954) addressed the basics in surface

mine reclamation. These early laws have been updated and expanded and

presently cover various aspects of mining and post-mining activity. In

those states where mining on a large scale has only recently begun leg-

islation has been patterned after the older more technically oriented

legislation (13)

.

The federal surface mining legislation, passed in 1977, altered the ma-

turation process of state laws. This new legislation sets standards

that each state must meet. In some states, however, legislation may be

more stringent than that proposed by the federal act.

Table A-5is a matrix of state surface mining legislation in the Interior

Region, showing the level of maturity of each state in the Interior in

comparison with other states within the Region.

This comparison shows that:

(1) Six states have detailed guidelines for mining.

(2) Five provide regulations on all minerals.

(3) One has detailed water quality standards.
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(4) All have detailed backfill, highwall, and toxic waste guide-
lines .

(5) Three allow for long range planning.

The data in Table 10 indicate some of the variations found in mining in

the Interior Region. In states where topography is conducive to area

mining there may be no concern about spoil fill methods. Whereas, a

state with acid mine drainage may stress water quality regulations more

than a state in which this is not a problem.

RECLAMATION COSTS

Reclamation costs are made up of three broad categories including plan-

ning, backfilling, and revegetation. Legislation sets the minimum level

of reclamation to be achieved, thereby having some control on the cost

of reclamation. The topography of the mine site may add to the cost,

as it presents varying degrees of difficulty in completing the required

reclamation.

Both area and contour mining are practiced in the Interior. The area

method tends to suppress reclamation costs by limiting the handling of

overburden material. The placing of overburden in the previous cut

eliminates excessive handling and at the same time allows the same ma-

chinery to be used in both the mining and reclamation process.

The contour and similar methods require removal of the overburden and

its return or placement in the fill. This added handling, along with

decreased machinery effectiveness adds to reclamation costs. In addi-

tion, if a fill is used for deposition of spoil, this too must be re-

claimed .
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Data on various combinations of surface mining methods, slope degrees,

and production capacity indicate that per ton reclamation costs are

less (1) for area mines (2) on sites with less than 20° slope (3) on

sites with 500,000 tons or more annual production (7).

Given these general relationships, it is important to realize that sur-

face mining is a site specific undertaking. Each mine is different and

presents a different reclamation situation which is, to a large extent,

dependent upon the topography of the mine site and the degree of recla-

mation required.

Interaction of various factors limit the accuracy of predicting recla-

mation costs. However, a comparison of costs for similar types of

mines in similar areas may act as a range for predicting reclamation

costs in the Interior CPA's.
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THE LAND RESOURCE

By

Wallace McMartin —

LAND OWNERSHIP

Unlike the Rocky Mountain and Northern Great Plains Regions, most of the

land in the Interior Region is privately owned. In Iowa, Federal agen-

cies own less than 1 percent of all the land area, and in Kansas and

Illinois, less than 2 percent (Table 11). The largest amount of Federal

land is administered by the Forest Service, with about 2.5 million acres

in Arkansas and 1.5 million acres in Missouri. In Oklahoma there is

about 1.3 million acres of Indian land and 27,000 acres in Kansas. The U.S.

Army Corps of Engineers controls about 3 million acres of land, the ma-

jor portion of which is located in Oklahoma, Arkansas, and Missouri. An

undertermined portion of the Corps of Engineers land is water surface,

not land area, so the data in the percentage column in Table 11 may be

somewhat exaggerated. Complete data by counties are available for For-

est Service land and for Indian land, thus permitting a tabulation by

CPA's. Forest Service land is found in Six CPA's, mostly in AR-1, as

shown below (25 ) :

— McMartin is an Agricultural Economist, Natural Resources Economics,

Division, ESCS, USDA, Fargo, North Dakota.

CPA
AR-1
IL-5
IL-6
IN-

3

MO-

3

OK-

2

1,000 acres

1,004

Percentage of CPA
land area

41

24

65

13

201

32.4
1.4

0.7
2.1

0.3
11.0
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Indian land is found in only four of the CPA's — KS-1, and all three

of those in Oklahoma, as follows (30):

The land controlled by other Federal agencies is usually not minable,

either by virtue of its use or its location. Land used for wildlife

refugees or located on the shores of Corps of Engineers reservoirs

probably would not be minable even if coal deposits were known to ex-

ist. Coal mining is kept from such land by rather rigid institutional

barriers

.

Land owned or controlled by the states in the Interior Region is us-

ually not minable, because it is dedicated to some specific use such as

parks, forests, wildlife refuges, or state experimental or demonstra-

tion farms. Comprehensive statistics on state owned land are not avail-

able by counties so a tabulation by CPA's is not possible, but the ag-

gregate acreage of such land in the Interior Region is not large in

relation to the total. The impact of state and federal ownership on

mining is not significant to the same degree in the Interior Region as

it is in either the NGP or RM Regions, mostly because the acreage of

public land is so small in relation to the total area. In some locali-

ties, however, public ownership of land or other institutional barriers

may influence its availability for coal development, so in planning for

a particular mine it is especially important to obtain site specific

ownership data.

CPA
KS-1
OK-1
OK-

2

OK-

3

1,000 acres
Percentage of CPA

land area
6

93

39

45

0.4
2.5
2.1

2.0
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MINERAL OWNERSHIP

As is typical in areas where coal production has occured, there is fre-

quently a division between surface ownership and mineral ownership, and

the owner of the surface nay have little or no right to the coal under-

neath. In the case of the federal and state land, the agency owning or

controlling the surface usually owns or controls the mineral rights.

In areas where coal mining has been increasing or where increased min-

ing is contemplated, coal companies have been actively purchasing rights

to the coal either by means of leases or by the purchase of both sur-

face and mineral rights. In such areas individual owners may find it

difficult to decide whether or not to lease or sell their mineral

rights. In some locations distrust of the intentions of the coal com-

panies and other agencies have created an area of public concern. In

southern Illinois, for example, a pamphlet has been published to give

landowners advice on how to react when approached by a coal company with

an offer to lease or buy mineral rights (12) . Patterns of coal owner-

ship, as well as concentration of ownership are of considerable concern

in many areas, though a detailed study of this problem is beyond the

scope of this paper.

LAND USE

One of the most important differences between the Interior Region and

the two western Regions is in agricultural land use. Because of more

favorable climate and soils, the land in most CPA's in the Interior

Region is used much more intensively than in the RM and NGP Regions.
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Here agriculture is the most important land use and the type of farming

is based on high-value crops such as corn and soybeans. Most of the

CPA's are located in the Corn Belt, one of the richest agricultural

areas in the world. Out of a total area of 73 million acres included

in the CPA's, about 41 million acres are in farms, of which 31.5 mil-

lion acres were harvested cropland in 1974 (Table ). In some CPA's

such as IL-4, IA-2, and KS-1 nearly all the land is used for farming,

and nearly all the farm land is cropland, indicating a high degree of

arability (Table 13 )•

Some of the CPA's are less favorably endowed with agricultural poten-

tial. In AR-1, only about a third of the area is in farms because

there is a large acreage of National Forest Land and a military reser-

vation of 71,000 acres (_4l) . In OK-2 less than half the land is in

farms; here too there is a large acreage of National Forest land. In

the three Oklahoma CPA's and also in AR-1 there is more pasture and

"other" land than cropland. This is partly because of the terrain —

most of the area in these four CPA's is located within the Ozark Moun-

tains, where the land is hilly and rough, and a substantial part of the

non-crop portion of the farmland is woodland.

By comparing the acreages of harvested cropland to the total land area

the disparity in agricultural potential between CPA's is emphasize. In

IL-2 and IL-4 nearly 3 quarters of the land surface was harvested for

crops. Between three fourths and one half the total surface area was

cropland harvested in IL-1, IL-3, IL-5, and IA-2. On the other end of
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Table 13. Land Use Ratios, 1974

Coal : Farmland : Cropland : Harvested Harvested
production : to to : cropland to cropland to

areas t land area ! farmland '. total cropland land area

Arkansas 1/, 7 JU.O jj.U D . 1

Illinois-1 86.9 78.4 85.1 58.0
Illinois-2 87.5 90.6 94.6 75.0

Illinois-3 87.0 83.6 89.6 65.2

Illinois-4 91.5 87.1 92.5 73.7

Illinois-5 75 .

3

on /, q <; ^OJ. J 1 7ji. /

Illmois-D "7 1 C/L.J Q 1 7Oi. / Oi. J / 7 ^

Indiana-

1

/ J . o 7/. /. OJ.'t /. Q 7hO . Z

Indiana-2 61.7 74.8 80.4 37.1

Indiana-3 66.6 75.8 80.4 40.6

T . ~ 1lowa-

i

Q/. 7OH . / / J . H 7 1 A/ J. . 0 AA ^

Iowa—

2

89.9 80.0 83.7 60.2

Kansas-1 88 .

8

72 .

2

73 .

3

Kansas-2 84.5 58.6 73.8 36.6

Kansas-3 0 J . 3 j D . l 7? 7 jj . _>

Kentucky-

1

62.6 66.5 60.8 25.3

Missouri-1 85.3 69.5 58.8 34.9

Missouri-2 84.9 75.7 68.4 43.9

Missouri-3 79.0 70.1 66.2 36.7

Missouri-4 78.2 68.2 61.1 32.6

Missouri-5 78.2 67.7 64.5 34.1

Oklahoma-

1

67.5 40.9 44.8 12.0

Oklahoma-2 46.0 40.5 32.3 6.0

Oklahoma-3 64.0 24.7 25.0 4.0

Region Total 77.2 72.6 77.0 43.1

1/ On farms with over $2, 500 gross sales

Compiled from U.S. Census of Agriculture, Volume 1. (26)
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the scale, less than 10 percent of the land in AR-1, OK-2, and 0K-3 was

used for crops, and only 12 percent in OK-1.

Although there is some irrigated land in every CPA, irrigation is not

an especially important part of the farm economy of any of them. Un-

like the NGP and RM Regions, the climate in the Interior Region is sub-

humid to humid, and good crop growth is not usually dependent on arti-

fically supplied water. The total irrigated cropland for the CPA's in

the Region is only 78,000 acres, about 0.2 percent of the total. The

largest amount of irrigation is found in M0-5 and IL-2. Most of the

irrigation is by sprinklers, largely self propelled systems such as

center pivot. The principal crops irrigated were corn, soybeans, and

vegetables ( 26) •

NUMBER OF FARMS

In the 24 CPA's there were more than 214,000 farms in 1974, and the

average size was 263 acres (Table 14). Such a statement, without fur-

ther explanation, could be misleading because the average combines two

groups, one of which consists of two dis-similar sub groups. In the

Census of Agriculture, farms are reported in two categories, "all farms

and "farms with gross sales of $2,500 and over." Data for "other farms

in Table were derived by subtracting the "over $2,500" from "all

farms." The "other farms" consist of two sub groups, namely, places

2/
with more than $1,000 but less than $2,500- in agricultural sales, and

— Places with less than $1,000 farm sales were not reported as farms

in Volume 1 (26) . Data for abnormal farms, except for number of

units, were not reported separately by county.
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"abnormal farms." The "abnormal farms" group consists of institutional

farms, experiment stations, and grazing associations or farms operated

by an Indian Tribe. There are only a few of the "abnormal farms," so

the "other" groups consists mostly of places with under $2,500 gross

sales of agricultural products. They are mostly quite small, averaging

only 81 acres per unit. There are about 172,000 farms over $2,500 in

the Region or 80 percent of the total, and 42,000 "other farms." The

largest number of the over $2,500 group are in IA-3, and in IL-3, -1,

and -2. In relative terms, i.e. percent of the total for the CPA, the

largest proportions of farms over $2,500 are in IL-2 with 93 percent and

IA-2 with 91 percent. in AR-1 less than half the farms are in the over

$2,500 class, and in OK-2 only slightly more than half. Farms over

$2,500 average 368 acres in size, with the largest average in KS-3, and

the smallest in KY-1. Even when the "other farms" are excluded, the

average size tends to be misleading, whether measured in acres or gross

income, because the distribution tends to be skewed toward the smaller

size groups. This means that there are a larger number of very small

farms (in acres) than would be expected if the size distribution were a

normal curve, and fewer large farms.

For farms over $2,500 the average cropland for all the CPA's is 227

acres, but in IL-2 and IL-4 the average is 274 acres in each, while in

AR-1 the average is only 144 acres. In AR-1, OK-2, and OK- 3 less than

half of the cropland was harvested for crops. The average acreage of

harvested crops per farm for these three CPA's is much smaller than the

averages for the other CPA's.
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CROP ACREAGES

In the Region, corn and soybeans are by far the most prominent crops.

There are over 12.5 million acres of corn and 11.2 million acres of

soybeans, and together these two crops account for more than three

fourths of the cropland harvested (Table 15 and A-6)

.

Corn and soybeans dominate the crop pattern in 15 of the 24 CPA's. In

the other nine CPA's the pattern is somewhat mixed. In AR-1 and the

three Oklahoma CPA's the acres of "other hay" exceeds that of both corn

and soybeans. Acres of sorghum or wheat are either first or second in

KS-1, -2, -3, and MO-5, whereas in MO-4 the acres of "other hay" is

equal to that of beans and exceeds corn.

In each of the CPA's there is a substantial acreage reported as crop-

land pastured. In AR-1, OK-2, and OK-3 there is more cropland pastured

than harvested for crops.

LIVESTOCK NUMBERS

Beef cattle are the most important class of livestock; they outnumber

dairy cows in every one of the CPA's (Table 16), In total cattle the

largest numbers are in IA-2 with over a million head. Next in rank in

numbers of cattle are IL-1, MO- 3, and MO-1. The fewest cattle are in

IN-1 and IN- 2. In number of head there are somewhat more hogs than

cattle, but the economic importance of hogs is not as great as cattle

because the value per head is less. The most hogs are found in IA-2 and

IL-1, the fewest are in the three Oklahoma CPA's and in AR-1. Sheep

are not numerous, relatively, in any of the CPA's.
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Table 16. Livestock Iu-'encocy , All Farms, December 31, 1974

Coal : Hogs Sheep
production : Milk : Beef : Other : Total : and : and

areas : cows : cows : cattle : cattle : pigs : lambs

Arkansas-1 12,318 112 ,529 110,072 234 ,919 19 , 525 971

Illinois-1 14,448 227,039 386,886 628,373 1,636,784 58,444
Illinois-2 15,858 65 , 558 143 , 135 224 , 55

1

394,033 32,447
Illinois-3 17 , 086 157 , 154 253 , 559 427,799 958,074 33 , 814

Illinois-4 4,612 32,065 59,228 95,905 229,074 9,569
Illinois-5 40,550 55,054 113,032 208,636 335,633 8,842
Illinois-6 6,124 88,856 111,987 206,967 301,282 9,489

Indiana-1 800 19,212 25,683 45,695 76,416 4,922

Indiana-2 3,141 22,281 28,585 54,007 72,040 2,599

Indiana-3 20,527 89,920 138,772 249,219 436,694 3,632

Iowa-1 8,268 107,968 159,312 275,548 462,817 26,991

Iowa-2 30,874 394,686 641,376 1,066,936 1,950,041 137,971

Kansas-1 14,845 68,506 110,462 193,813 119,655 3,268

Kansas-2 4,936 36,574 61,235 102,745 . 37,353 5,572

Kansas-3 9,065 119,641 158, 154 286,860 94,720 3,908

Kentucky-

1

12,851 175,838 189,837 378,526 266,228 1,951

Missouri-1 18,912 261,519 276,949 557,380 285,833 42, 15S

Missouri-2 10.238 151,156 211,234 372,628 329,396 12,599

Missouri-3 9,602 249,342 301,526 560,470 460,161 36,911

Missouri-4 14,332 175,507 192,954 382,793 177,616 5,086

Missouri-5 18,146 190,299 199,792 408,237 93,908 3,608

Oklahoma-

1

10,674 245,857 237,804 494,335 18,984 3,541

Oklahoma-2 891 92,710 83,640 177,241 4,578 35

Oklahoma-

3

1,716 128,297 121,982 251,995 5,688 494

Region Total 300,814 3,267,568 4,317,196 7,885,578 8,766,533 453,823

Compiled from U.S. Census of Agriculture, Volume 1. (26)
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AGRICULTURAL INCOME

Measures of net income from farming are not reported in the Census of

Agriculture, and are not available on a county basis from any source.

Gross sales of farm products are reported, however, and are used here

as an indicator of income potential. Total sales for the Region were

$6.8 million, of which $4.1 million was from livestock and $2.7 million

was from crops (Table 17). LA- 2 was the largest of the CPA's in terms

of gross sales of crops, of livestock, and total sales. IL-3 and IL-2

were second and third, respectively, in sales of crops, while IL-1 and

IL-3 were second and third, respectively in livestock sales. 0K-2 and

OK-3 were lowest in total sales, but unlike many other CPA's livestock

was far more important than crops as a source of income. Other CPA's

where livestock was more important than crops include AR-1, IA-1, M0-1,

-4, -5, and all three Kansas CPA's. In AR-1 about $80 million or 75

percent of the livestock income is from poultry and poultry products.

This is an area especially noted for its chicken farms, and in every

county in the CPA poultry accounts for more than half of the gross

sales ( 26) . None of the other CPA's have such large concentrations of

poultry farms.

Income distribution patterns are indicated by comparing the farms over

$2,500 and "other farms." The "other farms," though numerous, account

for less than 1 percent of the total farm sales of the Region, that is,

about $60,000 out of a total of $6.8 million (Table 17, the two columns

on the right). Farms "over $2,500" are, by definition, better situated

with respect to income, averaging over $50,000 in three Illinois CPA's
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Table 17. Gross Farm Sales, 1974

Coal
production

areas

CtI oc TTrnm All
j Farms :

• over •

j
$2,500 j

Other
farmsLivestock Crops 2/ j

Total 3/

$1 000 -

Arkansas-

1

106,517 15,000 121,516 118,451 3,065

Illinois-1 345,235 456,476 801,712 799, 133 2,574
Illinois—

2

129 403 588 853 718 255 716 726 1 529

Illinoxs—

3

213 123 633 466 846 596 843 053 3 543
Illinois—

4

50 752 257 439 308 , 192 307 192 1 000
Illinois- 5 104 455 1 A 7 7 1 siOJ,

/

ID ZOO , i oo iOJ , / DJ 2 403
Illinois-6 66^600 191,056 257,651 254,974 2,677

Indiana- 1 17 606 4 7 187 64 790 64 393 397

Indiana- 2 18 433 50 443 68 874 67 611 1 263
Indiana-3 137^061 180,451 317^512 314^874 2^638

Iowa- 1 112, 159 63,094 175,253 174, 105 1 , 148

Iowa-

2

530,056 647,428 1, 177,487 1,171,683 5,804

Kansas-

1

59,962 49,784 109,747 107,645 2,102
Kansas-2 22,817 20,095 42,912 42,358 554

Kansas-3 65,808 58,865 124,674 123,301 1,373

Kentucky-1 72,858 158,359 231,221 225,667 5,554

Missouri-1 116,244 91,250 207,493 204,777 2,716
Missouri-2 109,300 111,335 220,632 218,575 2,057
Missouri-3 146,480 148,663 295, 141 291,003 4, 138

Missouri-4 75,367 58,734 134, 100 131,770 2,336
Missouri-5 72,105 67,854 139,960 137,590 2,370

Oklahoma-

1

62,792 31,094 93,887 89,664 4,223
Oklahoma-

2

18,825 7,708 26,533 24,707 1,826

Oklahoma-3 22,478 3,889 26,367 23,908 2,459

Region Total 2,676,441 4, 102,238 6,778,673 6,718,930 59,743

J/ Includes sales of livestock, livestock products, poultry, and poultry
products.

2/ Includes small amounts of forest products, nursery, and green house
products sold from farms.

_3/ May not add due to rounding.

Compiled from U.S. Census of Agriculture, Volume 1. ( 26 )
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and in IA-2 (Table 18). In the three Oklahoma CPA's however, the aver-

age per farm for the "over $2,500" groups ranged from a little over

$20,000 down to about $14,000.

AGRICULTURAL INTENSITY

One characteristic of most of the CPA's in the Interior Region is that

the agriculture is much more intensive than in most of the coal produc-

ing areas in either the Rocky Mountain or the Northern Great Plains

Regions.—

Three measures were chosen to illustrate the relative degree of inten-

sity among the CPA's. The first is gross sales per acre of land area.

By this measure IL-2 and IA-2 are the most intensive, with an average

of $159 and $157, respectively, in farm sales for each acre of land area

(Figure 8 ). By way of contrast, 0K-3 had only about $12 per acre and

0K-2 about $15. The average for all CPA's was $93 per acre, as com-

pared with an average of $13 per acre for the NGP and $11 for the RM

Regions.

A second measure is the number of farms per township. The township,

the smallest political subdivision, is also a unit of land measurement

by government survey, typically a square area six miles on each side.

In both Iowa CPA's there are an average of more than 70 farms per town-

ship (Figure 9 ) . There were more than 60 farms per township in each

3/— One exception in the RM Region is C0-7, which is dominated by Weld
County, the most important cattle feeding county in Colorado (26 )

.
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Table 18- Average Gross Sales Per Farm, 1974

Coal : Farms with :

production : over $2,500 : Other :

areas : gross sales : farms 1/ : All farms

Arkansas 45,523 1,148 23,045

Illinois-1 48,841 1,314 43,759
Illinois-2 55,273 1,630 51,654
Illinois-3 51 , 128 1,519 44,979
Illinois-4 50,434 1, 179 44,414
Illinois-5 32,230 1,641 27,618
Illinois-6 29,752 1,149 23,640

Indiana-

1

40,448 1,103 33,192
Indiana-2 28, 564 1 ,453 21,284
Indiana-3 39,762 1,254 31,682

Iowa-1 37,036 1,466 31,957
Iowa-

2

50,091 2,381 2/ 45,588

Kansas-1 31,256 2,542 3/ 25,696
Kansas-2 24,316 1,285 19,748
Kansas -3 30,864 1,272 24,571

Kentucky-

1

25,531 1,300 17,636

Missouri-1 26,116 1,524 21,562
Missouri-2 32,903 1,231 26,537
Missouri-3 29,045 1,481 23,033
Missouri-4 25,018 1,217 18,674
Missouri-5 25,771 1,203 19,149

Oklahoma-

1

20,254 1,223 11,916
Oklahoma-2 17,241 1,282 9,287
Oklahoma-3 14,138 1,759 8,536

Region Total 39,069 1,419 31,663

_1/ Includes "abnormal" farms.

2/ Includes at least 11 "abnormal" farms, of which 5 have sales of

$250,000 or more.

3/ Includes 9 "abnormal" farms in Leavenworth County. The two

largest of those had combined .sales of about $3 million.

Compiled from U.S. Census of Agriculture, Volume I. ( 26 )
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of the Illinois CPA's except IL-6. In AR-1, OK- 2, and OK-3 there are

less than 20 rams per township. In the NGP Region the average was

seven farms per township, in the RM Region the average was three.

A third measure of intensity is the relationship of livestock numbers

to land area, expressed as animal units (AU) per 1000 acres of land

area. An animal unit, defined in Footnote 2, Table A—7, is a measure

devised to provide a rough common denominator for adding together cat-

tle, hogs, and sheep. lA-lhas the most intensive livestock population

with 178 AU per 1000 acres (Figure 10) . IA-2 was second with 144 and

IL-1 was third with 130. The lowest CPA's were IN- 2 and IL-2. In most

other measures used to describe agricultural production the two lowest

CPA's are 0K-2 and OK-3, but in livestock intensity they rank higher

than the three CPA's in Illinois and two of the three in Indiana. The

average for the Region is 94 animal units per 1000 acres, as contrasted

with an average of about 26 in the NGP and 16 in the RM Regions.

GENERAL CHARACTERISTICS OF AGRICULTURE

Fro~ the preceeding it is apparent that the CPA's in general constitute

a rich agricultural resource, though there are some substantial dissim-

ilarities among them. Those in Iowa and Northern and Central Illinois

are the most productive, and probably are representative of the best of

the Corn Belt, an area widely known for its rich crops of corn and soy-

beans. The CPA's in Northern and Central Indiana, Northern Missouri,

Northeastern Kansas, and western Kentucky, are somewhat less productive,

but nevertheless represent a type of agriculture of great economic
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importance. In all these CPA's the farms are relatively large in both

acreage and gross income. Of the remaining CPA's, those in Oklahoma

and the one in Arkansas are less favorably endowed by topography and

soil resources. The farms are fewer in number and tend to be smaller

and with less income potential than the other CPA's in the Region. By

comparison, however, even the least productive CPA's in the Interior

Region have greater productive potential on a per acre basis than most

of the CPA's in the NGP and RM Regions.

COMPETITION FOR RESOURCES

As in the RM and NGP Regions, coal development competes with agriculture

for the use of resources, especially land and water. In RM and NGP

competition for water poses the most serious threat to agriculture be-

cause water is scarce while land is plentiful. In the Interior Region,

on the other hand, water supplies are adequate (see WATER, page 90) while

land is less plentiful and its productivity for agriculture is much

higher than in either RM or NGP.

To anticipate the degree to which coal development might affect agri-

culture it is necessary to make a number of projections, most of which

must be based on conjecture, surmise, or prophecy because the data base

is inadequate, fragmentary, or missing altogether. Despite such uncer-

tainties it is possible to make a set of assumptions which are suffi-

ciently realistic to show the extent to which coal development might

infringe on farm production. For example, studies in Illinois show

that the land taken out of farming by strip mining without reclamation
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is substantial ( 11 , 19) . Federal and state laws now require reclama-

tion, so it is reasonable to assume that in the future the loss of pro-

duction from land mined will be only temporary.

Basic to any estimate of agricultural losses is a projection of the num-

ber of strip mines and their anticipated production. It was assumed that

future production would be similar to that of 1975-76 for mines now

operating, plus company plans for new or expanding mines. Under these

assumptions more than a third of all the strip mining in the Region

would be in KY- 1 , 34.5 million tons annually (Table 19). IL-5 would

produce 17.5 million tons and IN- 3, almost 10 million. Seven CPA's are

not expected to have any strip mines of significant capacity. Land to

be used for coal development was estimated in three categories — land

actually mined, land used for mine facilities, and land used for energy

conversion (mostly electric thermogenerators) . Land actually mined is

assumed to be reclaimed and thus out of production only temporarily.

The basis for estimating the amount of land is a function of the rate

of future production, and the coal yield per acre, which in turn is a

function of seam thickness. It is noteworthy that the seams of coal in

the Interior Region are much thinner than in the RM and NGP Regions,

hence more acres are required here to produce a given quantity of coal.

The land required for mine facilities, such as high walls, haul roads,

preparation plants, shops, and offices is generally not reclaimable,

and is difficult to estimate in general terms because each mine site

has its own peculiar characteristics. Thus the estimates used for

Table 19 are arbitrary and may not faithfully represent any specific
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Table 19- Projection of Land to be Used for Surface Mining and Coal Processing
1976-2000.

Land Land to be used for Mining -

Projected mined Average Annual
Production per Energy

Sur- Total mil- Mine con-
Pool face iy to— lion facil- ver-

production mines Annual 2000 tons Mined ities sion
areas u If \

3/ 4/ land 5/ f. i 7 /
JJ Total

number —million tons—

Arkansas—

1

c
J n lu . H l n1U 333 1,170 830 80 2,080

Illinois-

1

8 6.3 158 219 12,140 4,260 1,260 17,660
Illinois-2 0 — — 238 — — —
Illinois-3 0 — — 253 — — —
Illinois-4 1 1.5 38 203 2,680 870 300 3,850
Illinois-5 9 17.5 438 119 18,330 6, 110 3,500 27,940
Illinois-6 11 6. 1 152 152 8,160 3,410 1,220 12,790

Indiana—

1

u — — 1 £7lo / — — —
Indiana-2 5 5.0 125 170 7,480 2,620 1 , 000 11,100
Indiana-3 18 9.7 242 170 14,510 5,910 1,940 22,360

Iowa—

1

I 0.1 2 1 1 1 200 250 20 470
I owa— 2 0 231

Kansas—

1

U 490
Kansas-2 1 0.3 8 595 1,570 580 60 2,210
Kansas-3 2 0.4 10 333 1,170 530 80 1,780

Kentucky-

1

55 34.5 862 185 56,170 21,450 6,900 84,520

Missouri-1 1 0.7 18 260 1,600 570 140 2,310
Missouri-2 0 362

Missouri-3 2 1.3 32 347 3,970 1,310 260 5,540
Missouri-4 2 1.8 45 362 5,730 1,830 360 7,920
Missouri-5 2 2.0 50 379 6,670 2,100 400 9,170

Oklahoma-

1

6 2.3 58 439 8,890 3,150 460 12,500
Oklahoma-2 4 0.6 15 298 1,570 850 120 2,540
Oklahoma-

3

0 225

Total/
Average 134 90.5 2,263 198 152,010 56,630 18, 100 226,740

_1/ Number of mines for which production data are available
2/ For new or expanded mines, capacity at full operation (Table 6 ). For existing

mines: (a) if 1976 production was larger than 1975, 1976 was used, and (b) if

1975 production was larger than 1976, the average of 1975-76 was used (from 44)

.

_3/ Annual production x 25 years.

4/ Based on coal yield per acre ( 44 )

.

5/ Annual production x land mined per million -.ons x 1.1 (assuming 10 percent over-
run) x 8 (assuming each mined acre is out of production for 8 years during the

mining and reclamation process).
6/ Assumed to be out of production permanently. Based on arbitrary assumption of

100 acres per mine plus 10 percent of land mined annually, representing high
wall, haul roads, preparation plant, office, yard, etc.

l_l Arbitrarily assumed to be 200 acres per million tons of annual production; in

many cases this land might be located near load centers rather than near the

mine. Land required for plants to process coal from underground mines is not

included.
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situation. The same is true for the estimates for land used for energy

conversion plants. In addition, the conversion plants may be located

anywhere — near the mine, or near the load center or somewhere in be-

tween. For this study, it was assumed that the plant would be located

somewhere within the CPA where the coal is mined.

The sum of the assumptions thus far suggests that in any given year

from now to 2000 there would be about 226,000 acres out of production,

and that 84,500 acres of this or 37 percent would be in KY-1. Nearly

28,000 acres or 12 percent would be in IL-5, and 10 percent in IN- 3.

The value of the production lost to strip mining from an acre of land

varies considerably from one CPA to another. The average value of all

sales of farm products for all CPA's is $93 per acre of land area, but

the range is from $12 per acre in OK-3 to $157 in IA-2 and $159 in IL-2

By assuming that the land mined would be equal in productivity to the

average in each CPA- the annual value of farm sales lost can be calcu-

lated. The total would be $16.9 million, of which $5.1 million, or 30

percent would be in KY-1 (Figure 11). In IL- 1 and IL-5 the loss would

be more than $2.5 million each and $2.2 million in IN- 3.

While the loss in absolute terms might seem impressive, $17 million

worth of raw food and fiber represents only one fourth of 1 percent of

the total productive capacity of the CPA's in the Region. In KY-1,

where the loss is largest, it represents only 2.19 percent of the total

for the CPA (Table 20).
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Table 20. Annual Gross Sales from Land to be Used for Mining - 1974 Basis,
Alternate Assumption

Based on Total Land Area Based on Farm Land Only

Coal Sales
j 1 Percent Sales : Percent

production per . Annus. J- of CPA. per Annual
areas acre 1/

'

total 11 \ total 3/ . acre 4/ . total 2/' ! total 3/

dollars ^ i nnnJ i , UUU p er c en t J n l 1 arc S i nnn
i> i , uuu P er c en t

Arkansas-

1

39 81 0.07 115 239 0.20

Illinois- 1 144 2,543 0.32 165 2,914 0.36

Illinois-

2

159 0 ~~ 182 0 ~~

T 1 1 inoi' c — 1llllllUlb J 144 o 166 o

Illinois—

4

l aa ^ A? u. io A 1 ? u . z. u

Illinois—

5

q =; 1 A V 126 3 520 1.31

Illinois—

o

DUO 100 1 ? 7Q1 , Z. / 7 0.50

Indiana-

1

92 0 121 0

Indiana—

2

A AD 0 / jj 1 DA 1 D7 1 , 188 1.72

Ind iana—

3

n 7

1

1 5 1 3 376 1 . 06

Iowa- 1 115 54 0.03 136 64 0.04
lova-

z

1 ^713/ nu 1 7 =, u

Kan s a s — 1 7Q/ ? 89 o

Kansas-2 52 115 0.27 62 137 0.32
Kansas-3 55 98 0.08 65 116 0.09

Kentucky-

1

60 5,071 2. 19 97 8, 198 3.55

Missouri-

1

60 139 0.07 71 164 0.08

Missouri-2 86 0 101 0

Missouri-3 66 366 0. 12 83 460 0. 16

Missouri-4 58 459 0.34 74 586 0.44

Missouri-5 56 514 0.37 71 651 0.47

Oklahoma-

1

25 313 0.33 38 475 0.51

Oklahoma-

2

15 38 0. 14 32 81 0.31

Oklahoma-

3

12 0 18 0

Total/
Average 93 16,906 0.25 120 24,060 0.35

_1/ Total sales divided by acres of land area

2/ Sales per acre multiplied by land used for coal development from Table 19 .

3/ Annual total expressed as a percent of total sales for each CPA.

4/ Total sales divided by acres of land in farms.
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The above analysis is based on the assumption that the land mined would

be equal in productivity to the average for the CPA. In each CPA there

is some non-farm land, and if a mine were located on such land there

would be no loss in agricultural production, though of course, other

values such as recreation, forestry, or wildlife might be jeapordized.

On the other hand, if in any CPA all mines were located entirely on farm

land the losses would be substantially greater than those shown in Fig-

ure 11. If all the mines in all the CPA's were ib farm land the average

loss in production would be $24 million, of which more than a third

would be in KY- 1 . Even so that would be only about one third of 1

percent of the total production of all CPA's, but about 3h percent of

the total for KY-1.

Serious concern has been expressed over the prospect of using "prime"

farm land for coal development, and this ocncern has been reflected in

the Surface Mining Control and Reclamation Act of 1977 and the regula-

tions provided for implementing it (24) , Sec. 515 (b) (7) and (40) , Par.

716.7. Responsibility for identifying and mapping prime farm land under

the new regulations was assigned to the U,S. Soil Conservation Service

(SCS). For most areas the amount and location of prime farm land at any

given plant or mine site could be determined by the SCS from maps and

other data in the files of their field offices. Summaries showing

aggregate acres are not yet available for all the counties in the region,

so totals by CPA's cannot be presented here.

In a report published in 1976 Ostendorf made estimates of "prime" farm

land in Illinois using standards similar to those now being used by SCS
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under the new law (19) . His data show that in IL-5, where most of the

strip mining in Illinois is expected to take place, the proportion of

"prime" farm land ranges from 40 percent in Perry County to 88 percent

in Madison County. In IL-1 the proportions ranged from 66 percent in

4/Henry County to 100 percent in Knox, McDonough, and Warren Counties.—

While it is not possible to estimate with available data the difference

in productivity between average land and prime land, it seems unreasonable

to suppose that strip mining would seriously threaten supplies of ag-

ricultural products on a regional or state scale even if most of the

mining took place on prime land. In addition, the provisions of the

Federal law for protecting prime land seem adequate to insure that the

reclamation process sould return it to a useful level of productivity,

if it were not indeed fully restored.

WATER

THE RIVER BASINS

The availability of water is an important factor affecting the location

of coal processing plants and coal transportation facilities, and there-

fore may influence the location of new mines. River basin boundaries

are important because of the variation in water supplies among basins.

The coal production areas of the Interior Region are situated in four

different Water Resources Regions, each of which drain into the Gulf of

These percentages seem unrealistically high. According to the Census,

the land in farms is 89, 94, and 93 percent, respectively, of the

land area in the last three counties named.
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Mexico via the Mississippi River system.—^ All three of the Indiana

CPA's, KY-1, IL-4, and part of T.L-6 are in the Ohio River Basin (Figure

12). All the remaining Illinois CPA's, plus IA-1, most of IA-2, and

parts of MO-1 and MO-3 are in the Upper Mississippi River Basin. All

of the Missou' i CPA's except parts of MO-1 and MO-3, all of KS-1, KS-2,

and part of KS-3 are located in the Missouri River Basin. Part of

KS-2, all of AR-1, and three Oklahoma CPA's are in the Arkansas-White-

Red River Basins.

SURFACE* WATER

To make a reliable projection of the amount of water available in a

given stream or river basin requires a substantial quantity of data and

a considerable input of hydrologic expertise, both of which are beyond

the scope of this study. A number of regional studies are available

which show the quantity of water in a particular river basin or stream,

the depletions by various classes of use, and estimates of the quantity

remaining. A summary of such information with particular reference to

energy is found in "A Nationwide Assessment of Water Quantity Impacts of

the National Energy Plan" (6) . This report shows that in the Ohio and

Upper Mississippi River Basins the average low flows are more than ade-

quate for all projected consumptive use for energy. In the Ohio Basin

the maximum water to be consumed in energy related uses is 6,1 percent

of the low flow of the Green River (Table 21). In the Upper Mississippi

the maximum use for energy is 4.7 percent of the low flow of the Rock

— With one exception - a portion of will County in IL-2 drains into
Lake Michigan.
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River, and 5.6 percent of the lower Illinois.—^ In these two basins there

is relatively little need to be concerned about water availability, except

on a site specific basis. In most locations water could be made avai-1—

able if other ocnditions at the site were favorable. It should be noted

that of the CPA's in which the annual production from strip mines is ex-

pected to exceed 5 million tons all are located in either the Ohio or

the Upper Mississippi Basin (compare Tables 19 and 21). Also, about 88

percent of the entire coal resources of the Region are located in the two

river basins where water supplies are most plentiful (compare Tables 3

and 21).

In the Missouri Basin surface water supplies are less plentiful, and

there are some smaller streams, such as the Grand, which may develop

serious water shortage for steam electric facilities in years of low

flow. The same is true of the Arkansas-White-Red Basins, especially

in the western parts. However, only a small part of the Region's coal

reserves are located in those two river basins and only a small part of

the Region's coal production is expected to take place there. The

Grand River sub region water shortage problems would seem to be most

severe in the Grand River sub region, judging from the data in Table

21. However, the Grand sub region includes only parts of three CPA's,

MO-1, -2, and -3.—^ The total coal reserves in those three CPA's is

— Data in Table 21 show stream flow at a particular point on the

stream and the depletions above that point. There is a possibility

that shortages might occur at some other point on the stream, or on

a tributary. In general, however, the data are representative of

the entire sub region.
7/

It also includes parts of two counties of IA-2, an area so small
that it can be discounted for the sake of discussion here.
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only 6.3 percent of the regional total, and the projected production is

only 2.2 percent of the total. This suggests that even if water short-

ages proved to be a problem, only a small part of the Region's coal

production would be affected. Even in the sub regions where water is

in short supply, some coal development could take place by locating the

coal conversion plants (probably thermogenerators) at sites where water

is available, either within the CPA or in some other favorable location.

In short, surface water supplies are not expected to be a factor which

might limit coal development in the Region.

GROUND WATER

Ground water is also available in most areas of the Region ( 43) . In

the Ohio River Basin ground water aquifers are extensive and of satis-

factory quality, particularly in the alluvial material along the main

stream and the lower reaches of its tributaries ( 42 , p. 63). In the

Upper Mississippi known ground water sources can provide approximately

ten times the current use ( 42 , Table 19). In the Missouri and the

Arkansas-White-Red River Basins, ground water availability varies con-

siderably from place to place. In general, however, supplies are more

plentiful and of better quality in the eastern portions of the Region,

where, fortunately, the CPA's are located. However, though ground

water supplies are adequate for most current needs in most of the

Region, it would be prudent to be site-specific in preparing any plans

for expanded future use.

WATER QUALITY

Water quality in the Interior Region is generally good, and in most
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prospective sites the quality is adequate for any type of coal develop-

ment, either mining or processing. The real problems are nor. whether

the available water is of the right quality for coal development, but

rather the effect of coal development on existing water supplies.

Water quality can be adversely affected by pollution from two principal,

sources. The first is pollution from the mining operation, primarily

acid mine drainage. Since rainfall is plentiful in most of the Region,

there is ample opportunities for the sulfur compounds exposed by the

mining process to react with water to form acids, which drain away

from the mine and pollute the streams below. Acid drainage may occur

in either undergound mines or strip mines. It may originate in the mine

itself, or as a leachate from the spoil banks of surface mines or the

8 /
"gob" piles from underground mines.— According to the Water Resources

Council, "Two thirds of the acid mine drainage problems occur in the

Ohio River Basin" ( 42 , p. 64). However, present-day mining laws re-

quire that mining companies take appropriate measures to insure against

damage to water supplies from any phase of the mining activity.

The second source of pollution is from coal processing plants, mainly

thermogenerators . Cooling water passed thru such plants usually ab-

sorbs large quantities of heat. If the heated water is discharged

directly into a stream it constitutes thermal pollution, which in turn

may cause drastic changes in the aquatic life downstream from the point

of discharge. Laws controlling such pollution are strict, so plans for

energy conversion plants must take into account the technology required

8/— "Gob" is a term used in mining areas to describe the refuse (soil,

rock, slate, and other materials from underground mines) usually

disposed of in piles near the mine mouth.
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to avoid pollution (thermal or otherwise) of the natural waters below

the plant. Again, the measures required are site-specific, so that

only a generalized statement of the problem is possible in this report.

PRINCIPAL WATER USES

Consumptive uses of water in the four basins of the Region include

stam-electric cooling, industrial, municipal, agricultural, and mining,

listed in their approximate order of magnitude. As indicated above,

for most uses in most locations, supplies are adequate to serve all

present and anticipated future needs. In addition, two important non

consumptive uses include hydropower generation and navigation. Hydro-

power generation is important only in the Missouri Basin, and there

only at locations upstream from all of the CPA's. Navigation is impor-

tant in all four basins, but is especially important to the coal indus-

try on the Ohio. According to the Water Resources Council, "Navigation

of the Ohio River is especially important to the production of energy"

(42) . About 80 percent of the nation's coal is mined in the Ohio Basin,

though less than half of it is assigned to the Interior Region, as

defined for this study.

Navigation is important in the other river basins but not as closely

associated with coal development as in the case of the Ohio. Naviga-

tion facilities are available on the Upper Mississippi at points down-

stream from Minneapolis, on the Missouri below Sioux City and on the

Arkansas below Tulsa. It is not anticipated that coal development will

compete for the use of water that might be used for navigation on any

of these streams.
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Table Al
. Counties Included in Coal Production AReas

ARKANSAS

AR-1
Crawford
Franklin
Johnson
Logan
Pope
Scott
Sebastian

ILLINOIS

IL-1

Adams
Brown
Bureau
Fulton
Hancock
Henry
Knox
McDonough
Mercer
Peoria
Rock Island
Schuyler
Stark
Warren

IL-2

Grundy
Kankakee
LaSalle
Livingston
McLean
Marshall
Putnam
Tazwell
Will
Woodford

IL-3
Bond
Calhoun
Cass
Christian
Fayette
Green
Jersey
Logan
Macon
Macoupon
Menard
Montgomery
Morgan
Moultree
Sangamon
Scott
Shelby

IL-4
Clark
Coles
Cumberland
Douglas
Edgar
Vermillion

IL-5
Clinton
Jackson
Madison
Monroe
Perry
Randolph
St. Clair
Washington

IL-6
Crawford
Edwards
Franklin
Gallatin
Hamilton
Jefferson
Lawrence
Marion
Saline
Wabash
Wayne
White
Williamson

in the Interior Region

INDIANA

IN-1

Fountain
Parke
Vermillion

IN-

2

Clay
Owen
Sullivan
Vigo

IN-

3

Davies
Dubois
Gibson
Greene
Knox
Martin
Perry
Pike
Posey
Spenser
Vanderburg
Warrick

IOWA

IA-1
Lucas
Mahaska
Marion
Monroe
Wapello

IA-

2

Appanoose
Boone
Dallas
Davis
Decature
Greene
Guthrie
Hamilton
Hardin
Henry
Jasper
Jefferson
Keokuk

"

Lee
Marshall
Polk
Scott
Story
VanBu^en
Warren
Webster

KANSAS

KS-1
Atchison
Brown
Leavenworth
Nemaha

KS-2
Franklin
Osage

KS-3
Bourbon
Cherokee
Cowley
Crawford
Linn

KENTUCKY-WEST

KY-1

Butler
Christian
Crittendon
Davies
Edmonson
Grayson
Hancock
Henderson
Hopkins
McLean
Muhlenburg
Ohio
Union
Webster

MISSOURI

MO-1
Adair
Davies
Grundy
Harrison
Mercer
Nodaway
Putnam
Schuyler
Sullivan
Worth

MO-

2

Caldwell
Carrol
Clay
Lafayette
Livingston
Ray
Saline

MO-

3

Audrain
Boone
Callaway
Charitan
Howard
Linn
Macon
Montgomery
Ralls
Randolph

MO-

A

Cass
Henry
Johnson
Pettis
St. Clair

MO-

5

Barton
Bates
Cedar
Dade
Jasper
Vernon

OKLAHOMA

OK-1
Craig
Mcintosh
Muskogie
Nowata
Okfuskee
Okmulgee
Rogers
Tulsa
Wagoner
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Table A7. Selected Measures of Agricultural Intensity, 1974

Coal : 1974 Gross : Farms with gross Animal units per
production : sales per acre : sales over $2500 : 1,000 acres

areas : of land area : per township 1/ of land area 2/

dollars number number

Arkansas-1 39.26 19.4 52.2

Illinois-

1

143.76 67.6 130.

1

Illinois—

z

icq in DO . Z /,Q CHJ . J

Illinois-3 144.04 64.6 79.3
Illinois-4 145.69 66.3 50.7
Illinois-5 94.72 67.1 74.0
Illinois-6 71.38 54.7 54.0

Indiana-

1

91.61 51.9 63. 7

Indiana-2 66.21 52.4 48.

1

Indiana-

3

100.63 57.8 79.2

Iowa-1 115. 29 71.3 178.

2

Iowa-

2

157.28 72.0 144.0

Kansas-

1

78.74 56.9 107.1

Kansas-2 52.22 48.8 89.0
Kansas-3 54.65 40.3 89.5

Kentucky-

1

60.48 53.3 79.0

Missouri-

1

60.42 52.6 125.2
Missouri-2 85.52 59.3 118.0
Missouri-3 65.77 51.4 101.9
Missouri-4 57.67 52.2 123.7
Missouri-5 55.86 49.1 115.6

Oklahoma-

1

24.93 27.1 87.8
Oklahoma-

2

14.51 18.1 64.4
Oklahoma-

3

11.79 17.4 74.5

Region Average 92.84 54.3 94.4

1/ A township is defined here as the land area equivalent to 36 sections or

23,040 acres.

2/ Animal units are milk cows=1.0, other cows =0.8, other cattle=0.5,
hogs=0.2, and sheep=0.15.

Compiled from U.S. Census of Agriculture, Volume 1.
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