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CHAPTER I
INTRODUCTION

Man has always influenced and“been influenced by
his environment.l All civilizations so far have been
built on an orderly system of relationships linking man
to nature, but these relations are being disrupted all
over the world by technological forceé.2 As man becomes
more scientific, an individual detachment from nature
takes place. Then the human being becomes a unit, a
discrete thing with a mind of its own, operating in a
vast universe. When naﬁure becomes antagonistic to man,
man must conéuer nature to survive.3 Now that society
has allowed the environment to be abused, society will
have to suffer the consequences. The answer does not lie
in a return to an imaginary Arcadia or in the search for:

a static Utopia, but in an attempt to insure that the

1John A. Baker, "Man and His Environment," Environ-
mental Improvement (Washington, D.C.: Department of
Agriculture Graduate School, 1965), p. 1.

2

Ibid., p. 5.

3I..eslie L. Roos, Jr., ed., The Politics of Ecosuicide
(New York: Holt, Rinehart, and Winston, Inc., 1971),
Ps 25




environmental changes that society brings about do not
outstrip its adaptive potentialities; and furthermore,
govern his adaptive responses in such a manner that they
do not decrease the qualities of his life.

Clearly, environmental pollution is a social prob-
lem, and while man individually may help to reduce the
contamination of his environment, needed and effective
control can only be achieved by concerted social action.>
Control of environmental pollution is a major concern to
many people. But what are the pollutants of air, water,
or food that are really significant?6 What are the
sources of these pollutants? What is the relationship
between the amount of wasteload generated and the amount
of units produced? The answers to these questions must
involve an evaluation of both the types and quantities
of air, water, and land péllutants which are now being

<

generated by industries.

4Rene Jules Dubos, "Air, Water, and Earth," Environ-
mental Improvement, p. 15.

5John T. Middleton, "Control of Environment," Environ-
mental Improvement, p. 53.

6Rene Jules Dubos, "Man and His Environment, Adapta-
tions and Interactions," The Fitness of Man's Environment
(Washington, D.C.: Smithsonian Institution Press, 1968),
Pe 232.




Since a concern for the environment has emerged, and
is becoming a social issue, economics, as one of the
social sciences, is one of the academic fields which is
responding to the concern. One very important tool at
the economist's disposal is an Input-Output Systems Analy-
sis which shows the economic interdependence of industries
and from this the environmental impact of an industry may
be assessed.

In this thesis a model will be developed, using Input-
Output Analysis, to assess the environmental impact of an
industry; specifically, the coal mining industry in
Kansas. Br;efly, the model will be presented in three
.stages. Fifst, the basic model is formulated and applied
to the strip-mining of coal industry in Kansas to assess
the environmental effects of this industry. Second, the
model will be applied to include the environmental effects
of all industries economically linked with the strip-
mining of coal in Kansas. Finally, the environmental
effects of reclamation will be examined. Detailed de-
scriptions of both an Input-Output Systems Analysis and
the model developed from this system are presented in

Chapter 3.




HISTORICAL BACKGROUND

Prior to the emergence of the environmental quality
movement in the nineteen sixties, concern for the environ-
ment was made evident by the establishment of voluntary,
privately financed organizations to promote specific
objectives. Illustrations of this movement include the
establishment of the American Fisheries Society in 1870
and the American Forestry Association in 1875. Similar
groups were established to promote the conservation of
other natural resources. To strengthen the effectiveness

of all these organizations, the Natural Resources Council
7

was established in 1946.

The environmental quality movement gained impetus

partially as a public response to the publication, in

1962, of the book Silent Spring by Rachel Carson. This
book was written in opposition to the extensive use of
the pesticide, DDT. In the long run, the real contribu-

tion of Silent Spring was the stimulation of research

efforts by scientists concerning the secondary effects

of pesticides. DDT applied to cfops or trees in one area
may affect fish, birds, and possibly man, hundreds of
miles away. The culmination of the interest voiced by

Ms. Carson's book was a coalition of scientists and

7Lynton Keith Caldwell, Environment, "A Challenge to
Modern Society" (New York: Natural History Press, 1970),
p. 39, 40.




citizens who joined forces to conduct a conference'titled,
"pesticides--A Special Review," in April of 1966 in Madi-
son, Wisconsin. The specific aim of this conference was
to investigate DDT in relation to the ecosystem. This
resulted in the identification of DDT as a water pollutant.
Perhaps a much more significant outcome of this examina-
tion was the water quality legislation which defined a
pollutant as, "any material that may be damaging to fish,
game, or wildlife in state waters,“8 and deleéated au-
thority to the Department of Natural Resources to control
pollutants introduced into Wisconsin's lakes and streams.

This provided not only an avenue for implementating the

‘concern evidenced by the public, but also marked an

entrance of government intervention into the area of
water quality control.9

Entrance of the environmental quality movement into
thebarea of air quality control was brought about by a
dramatic episode in New York City in 1966. This event is

commonly referred to as the "Thanksgiving episode."

During a period of four or five days the level of sulfur

8John Harte and Robert H. Socolow, Patient Earth
(New York: Holt, Rinehart and Winston, Inc., 1971),
p. 90.

91bid., pp. 88-90.




dioxide rose to 0.51 ppm* daily resulting in more than
170 deaths. Because of its impact on the general public,
the "Thanksgiving episode" marks the awareness of large
segments of the general population that the condition of
the air in major cities across the United States could
lead to a major tragedy.lo

To meet his requirements for daily sustenance, man
has also misused another natural resource--land. The
land has provided man with such products as; iumber,
fuelwood, agricultural products, and a food supply for
livestock. Each of these products was extracted, with-
oﬁt concern for replenishment.ll

The miﬂing of minerals, such.as coal, was often
undertaken without concern for the environment. The
pfimary objective governing this process was to extract
the minerals as cheaply as possible. This is a short

term goal, which ignores the long term effects of silted

streams and wasteland left by surface mining.12 Misuse

*According to Chapter 28, Article 19, Amendments,
"Ambient Air Quality Standards and Air Pollution Control
Regulations," p. 4, the Maximum annual arithmetic mean of
S0, is 0.02 ppm, ppm is parts per million.

2
loHarte, Patient Earth, pp. 44, 45.

11U. S. Department of the Interior, Surface Mining
and Our Environment (Washington, D.C.: U.S. Government
Printing Office, 1967), p. 3.

12

Ibid., p. 4.




of land has noﬁ become a serious challenge to the environ-
mental quality movement.

The environmental quality movement provided the
catalyst for a coordinated approach to natural resources
policy. It is evident that public outcry and concern
alone is not enough to halt the increasing ampunts of
contaminants that are being spewed into the environment--
air, land, and water. It is also true that pollution
controls, implemented by individual private industries,
would often place these industries in an unfair competi-
tive economic advantage. One alternative whereby mass

pollution control measures might be undertaken by all

private industries is through government control. To

.obtain this objective, Public Law 91-190 was passed by

Congress on January 1, 1970. The purposes of this Act
are:

"To declare a national policy which will en-
courage productive and enjoyable harmony
between man and his environment; to promote
efforts which will prevent or eliminate
damage to the environment and biosphere

and stimulate the health and welfare of man;
to enrich the understanding of the ecologi-
cal systems and natural resources important
to the Nation; and to establish a Council

on Environmental Quality."1l3

13Environmental Quality, "The First Annual Report
of the Council on Environmental Quality" (Washington,
D.C.: Government Printing Office, 1970), p. 243.




Government‘legislation and public concern play a
vital role in curbing misuse of natural resources. There
is still a great need for investigation to determine the
sources of pollutants; also, the relationship between
the amount of wasteload generated and the number of units
produced. Both of these gquestions need to be answered to
estimate both the types and quantities of air; water, and
land pollutants which are now being generated by indus-
tries. The answers to these questions are a stép towards
evaluating the environmental effect of any industry. And
with this information to develop a methodology to assess
more fully the environmental effects of an industry,

which would allow better policy-making and planning de-
14

‘cisions regarding the location of industries.

REASONS FOR THE STUDY

When people think of the environmental effects of

an industry, they generally remember such obvious

l4For Example, if a decision was to be made to
encourage either the location of industry A or industry
B in the same area; and, they had the same economic effect
and the same direct environmental effect, they would be
equally attractive. However, if the indirect and in-
duced environmental effects were assessed and the quanti-
ties of pollutants were greater for B than for A, then
planners could encourage industry A to locate, rather
than industry B. '
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incidences, as the "Thanksgiving episode." However,
there are additional environmental effects which follow
because of various linkages an industry may have. The
obvious thought here might be the natural or biological
ramifications. There is another cycle--the economic
cycle which through the economic interdependence of
industries, which also may generate additionai impact on
the environment. In order ‘to illustrate this possibility
the economic cycle of an industry merits atteﬁtion. The
industry to be used is the strip-mining of coal industry
in Kansas.

1Y To illustrate the obvious environmental effects, a

description of the miﬂiggwggggg§§”itself will be discussed;

_these will be referred to as diregt environmental effects.

To illustrate other environmental effects, the economic

cycle will be presented; these will be 1nd1rect or in-

T e

e

duced enV1ronmental effects. :

The direct environmental effects follow from the
technique most often used. In Kansas, this is strip-
mining, which consists of removing the topsoil, rock and
other strata that lie above the mineral deposits in order

to recover these deposits.15

15Interior Department, "Surface Mining," p. 33.




This method has been placed in an advantageous posi-
tion relative to other mining techniques, such as deep
shaft mining, for a number of reasons. With technologi-
cal advances it has been possible to almost double the
total coal production in Kansas from 900,000 tons mined
in 1960, to 1,600,000 tons mined in,1970.16 The oper-
ating éosts are 25 to 30 percent lower, and the pro-
duction per man is 100 percent higher, when comparing
strip-mining to deep shaft mining.17 Also, with the
passage of the 1969 Federal law,18 which established
new requirements for the health and the safety of under-
ground miners, the disparity between the two methods was
increased.19 According to résearch prepared by the
Office of Business Economics, U.S. Department of Com-
merce, which examined the extent to which other indus-
tries depend on the coal industry, 76 percent of all
the coal mined is used directly by 56 industries (out of
a total of 82 industries) to produce other products.

The remaining 24 percent represents exports and consumer

16U.S. Bureau of Mines, Yearbook, Area Report
(Washington, D.C.: U.S. Government Printing Office,
1970).

17

Wichita Beacon, August 25, 1971, p. 1l4A.

18Public Law 91-173, Title V, sec. 501-513, U.S.
Statutes at Large (1970), pp. 798-804.

19"Beacon," p. 1l4A.

10
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20

consumption, With all these advantages, and with the

supplies of gas and oil dwindling and delays in producing
nuclear power, the demand for coal is likely to remain.zl
Strip mining consists of the Femoval of the layers
of earth lying over the mineral.deposits. This process
displaces the layer of top soil. The resulting destruc-
tion of the protective vegetative cover speeds up erosion.
Further, the massive piles of soil and rock left behind
are sources of erosion, and may be displeasinévto the
eye. These are all examples of the direct environmental
impact of the strip mining of coal industry in Kansas.

: There are two sources of indirect environmental
effééts, which follow because of the economic interde-
pendence of this industry. To illustraté, the coal
company must purchase inputs, such as electricity, to
operate machinery. This would be a direct purchase of
an input. When electrical companies generate the power
to meet this demand, they simultaneouély produce air and
water pollutants. These wastes would be classified as
indirect environmental effects (see diagram, page 14).

If the dollar the coal company pays to the electrical

company is traced, it might eventually be spent by the

20

Interior Department, "Surface Mining," p. 42.

.21"Beacon," p. 1l4A.
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electrical company for inputs to be used to generate the
electricity originally demanded by the coal company.

This would be an indirect purchase of inputs (see diagram
on following page). If the electrical company purchases
0il (another indirect purchase of an input) to burn in
order to produce electricity for the coal mining industry
the wasteload generated by the oil company in meeting
this demand can be traced back to the coal mining indus-
try through the market structure of inputs. fhese wastes
would also be classified as indirect environmental effects
(see diagram).

7 L) The income paid to the coal laborers enables them

to spend money and generate demand for the output of

various industries. This would be an induced economic

effect. When these industries meet this demand, they
also generate environmental effects; these are induced
environmental effects. For example, if a laborer pur-
chases food commodities, such as breaa, with his dollars
this will mean that the agricultural sector will need to
produce wheat. The contaminants which may be by-products,
such as nutrient loss, would be classified as induced

environmental effects (see diagram, page 14).




The criteria involved in placing environmental

effects in the categories described on the previous page,

are different than those which may be used to identify
environmental effects according to the biological cycle
of organisms. This would involve an investigation of
ecological systems or the study of the interactions of
organisms and the environment.22 This method was used
by Isard23 in a study done of the Philadelphia economy,
and is discussed in detail in Chapter 2. For example,
assume an industrial process results in an increase in
the turbidity of water, a direct environmental effect.
This is the same criteria used to classify effects on
the previous.page; however, according to the biological
interdependence of light and phytoplankton, an indirect
environmental effect would be a reduction in the amount
of phytoplankton output from photosynthesis. This in
turn affects the supply of plankton, algae production,
and so on, and finally fish production.24 In order to

use these criteria, extensive and valid models of

22Ian L. McHarg, Environmental Improvement, p. 100.

23Walter Isard and Thomas W. Langford, Regional
Input-Output Study: "Recollections, Reflections, and
Diverse Notes on the Philadelphia Experience" (Massa-
chusetts: MIT Press, 1971).

24

Ibid., p. 12.

13
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ecological systems are necessary.25 "At present, this

kind of theoretical approach to ecological problems is
not well developed.“26 It would also be "prohibitively
expensive for most regional developﬁent agencies.“27

An alternative approach to environmental effect
classification utilizes the "Direct, Indirect, and In-
duced Requirements Matrix" developed in the Kansas
Interindustry Structure publication.28 This matrix
jllustrates the direct and indirect purchases of inputs
by an industry, and the induced changes in income which

results in consumer purchases for each dollar output

generated by every Kansas industry. These will be

referred to as "Total Purchases and Consumer Effects,"

Table A-1, column 3. A detailed explanation of the

25Charles G. Wilber, The Biological Aspects of
Water Pollution (Springfield: Charles C. Thomas, 1969),
p. 276.

26

Wilber, "Biological Aspects," p. 276.

27Geoffrey J. D. Hewings, "Aggregation for Regional
Impact Analysis," 47 Centre for Research in Social Sci-
ences, 17: W. Isard, T. W. Langford, Jr., with
E. Romanoff, Revised Direct Coefficient Table and Com-
plete Working Papers Of the Philadelphia Region Input-
Output Study (Philadelphia: Regional Science Research
Institute, 1970).

28M. Jarvin Emerson, with Leonard D. Atencio,
Phillip D. Brooks, and J. David Reed, The Interindustry
Structure of the Kansas Economy (Manhattan: Kansas Office
of Economic Analysis and Planning Division, Kansas De-
partment of Economic Development, 1969) .
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derivation of this matrix and table is presented in

Chapter 3.

OUTLINE OF THE MODEL

To derive the basic model, the "Kansas Direct, In-
direct, and Induced Requirements Matrix" is used. It
gives the list of the industries, along with their input
coefficients, which are economically linked tg the strip-
mining of coal in Kansas. To calculate the direct and
indirect purchases of inputs and the induced economic
effects of consumer spending, multiply the input-output
coefficients, Table A-1l, column 2, by the total industrial
‘output of the strip-mining of coal industry, Table A-1,
column 3. To convert this figure to production units,
divide the output by the average wholesale price per unit
of the particular product, Table A-1, column 5. To cal-
culate the total wasteload generated by all industries,
multiply the total production units, Table A-1, column 6,
by the industries' respective pollution generated per unit
of product. The like effluents may be summed and their
environmental impact expressed as population equivalents
(Appéndix D). If reclamation occurs, the pollution
quantities will need to be re-evaluated (Appendix E).
After this adjustment, the like pollution quantities are
summéd and evaluated according to population equivalents

(Appendix E).
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METHODOLOGY

This thesis uses an Input-Output Systems Analysis to
develop quantitative measures of the environmental effects
of the strip-mining of coal industry in Kansas. Two
sources of environmental effects are important in such an
assessment--the environmental effects relevant to the
mining process itself and the environmental effects which
follow because of the economic interdependencgvof this
industry. The first of these will be in the category of
direct environmental effects; and the latter will be
either indirect or induced environmental effects.

For example, with the removal of the layers of earth
iying over tﬁe mineral deposits, the protective vegetative
cover is destroyed, which leads to increased erosion.

This is a direct environmental effect of the sfrip—mining
process.

The indirect environmental effects result from the
indirect purchases of inputs. As previously explained,
when these industries meet the coal companies demand, they
-simultaneously generate waste products. The induced en-
vironmental effects occur when consumers spend their in-
come, since industries upon meeting this demand also

produce waste products at the same time.
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CONTENT & SCOPE OF THE THESIS

This thesis develops a quantitative method for
measuring the environmental impact of industrial activi-
ties. This method will be applied to the strip-mining of
coal industry in Kansas, to assess the direct, indirect,
and induced environmental effects. A table has been con-
structed to summarize these envirohmental effects. Ad-
justments will be made to incorporate the reclamation
law. The revised figures will be evaluated éécording to

population equivalents.




CHAPTER II
PREVIOUS STUDIES

One of the important advances in modern economic
theory has been Input-Output Systems Analysis. This
has provided a useful tool in projecting supply and
demand of economic commodities. - A new direction that
has recently.been undertaken is the application of Input-
Output Methodology to problems relating to environmental
quality. This would allow projections to be made con-
cerning the supply and demand of environmental commodi-
ties-—resoufces and pollutants.

Two studies applying Input-Output Methodology to
environmental quality analysis should be mentioned. One,
a study of the Philadelphia 496 region by Walter Isard;l
and another of the Colorado River Basin by

William H. Mierynk.2

' 1Walter Isard and Thomas W. Langford, Regional Input-
Output Study: "Recollections, Reflections, and Diverse
Notes on the Philadelphia Experience" (Massachusetts:

MIT Press, 1971).

2William H. Mierynk, Systems Analysis for Great Lakes

Water Resources, "Proceedings of the Fourth Symposium on
Water Resources Research of the Ohio State University
Water Resources Center" (Ohio State University 1969),
ppo 49-58. =

18
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These studies are available as theoretical guides for
environmental quality analysis, although they have not
as yet been empirically tested. A detailed presentation

of both studies may be found in Appendices B and C.

STUDY OF THE PHILADELPHIA 496 REGION

The study developed by Walter Isard, at the Univer-
sity of Pennsylvania, involves an extension oflthe~input—
output framework to simultaneously cover both econonic
and ecologic systems. This involved the addition of
ecologic commodities, such as biological oxygen demand
(BOD(S—day)), sulfur dioxide (502), and water of a speci-
fied content, to the rows of an input-output table.
Parallel to these commodities the set of columns can be
extended to cover ecologic processes; such as photosyn-
thesis, replenishment of oxygen supply in water, and cod-
fish production. This results in the extension of the
inputs and the outputs from the ecologic systems. The
inputs and outputs of each ecologic process cover commodi-
ties that are not only ecologic, bnt also those commodi-
ties, such as codfish, corn, and grass, that have come
to be designated economic commodities. In short, the
Philadelphia 496 order table is to be extended to cover

many more commodities and processes, and thereby to
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expose basic interrelations between the economic and
ecologic subsystems.

Both Isard's study and this thesis have a common
end--an assessment of the environmeptal effects of
industries. The methods followed differ, however.
Isard's theoretical approach to ecological problems re-
quires extensive and valid models of ecological systems.
At present, such models have not been developed. 1In
Isard's study this lack of data required a chaﬁge of in-
dustries investigated to complete his illustration. He
used the petroleum refining industry to show the noneco-
nomic commodities which are produced, such as water pol-
lutants discharged. This allowed the extension of the
rows to cover both economic and ecologic commodities.
However, to show the ecologic inputs from the ecologic
system to the economic system, such as fish and the
ecological process necessary to produce these inputs, he
used recreational activities. As data on the ecological

inputs and processes related to the petroleum refining

~industry was not available, it was necessary to use the

industry of sport fishing from boats with outboard motors

as an illustration.

Although research is being undertaken to develop
models of ecological systems, it has been suggested that

"perhaps ecological interactions are too complex and have
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too great a degree of variability to permit satisfactory
model construction."3 There would be formidable diffi-
culties, both conceptual and empirical, involved in esti-
mating this data, since it would necessitate a sophisti-
cated understanding of biological processes. When classi- |
fying these noneconomic commodities, researchers may find
it necessary to make arbitrary decisions. Their findings
might be accurate enough to approximate future needs re--
garding suppiy'and demand of environmental commodities--
resources and pollutants.

Another difference between Isard's study and this
thesis involves the role played by the Input-Output model.
Isard has suégested extending the columns and the rows of
the matrix itself to derive the basis interrelationships
between the economic and ecologic systems. 1In this
thesis, it was used as a base for calculations, assuming
that the quantity of demand created by the dollar output
of an industry was constant or directly proportional to
the quantity of waste products generated. One of the
shortcomings of this method in comparison to Isard's is
that since coefficients regarding water use and water

pollutants were not developed, projections relevant to

3Charles G. Wilber, The Biological Aspects of Water
Pollution (Springfield: Charles C. Thomas, 1969), p. 276.
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this resource could not be obtained, while in Isard's
model the ramifications of increased demand on this re-
source could be evaluated.

A third area where Isard's model differs from this
thesis regards the cycle of pollution relevant to ecologi-
cal processes. For example, a part of the oxygen depleted
in water is replenished naturally, and there are natural
processes, such as rain and air movement that remove
particulates from the air. These processes eméioyed as
inputs, the diverse pollutants that are generated, and
yielded as outputs water and air of specified quality.
This thesis quantifies the amount of pollutants generated
and is not iﬁyolved in evaluating the ecological inter-
dependence of commodities and processes that exist in
the ecologic realm as it does in the economic realm.

Implementation of Isard's method will provide a
systematic method of projecting conditions of both supply
and demand regarding environmental commodities such as,
resources and pollutants. The advocation of this classi-
fication of ecologic processes would require expertise in
various fields. Educational training in economics alone
would not suffice, as an understanding of biological and
chemical processes would be useful. An alternative ap-
proach that may be used would be a coordination of the

efforts of biologists, chemists, and economists.
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STUDY OF THE COLORADO RIVER BASIN

The forecasting model developed by William H. Mierynk
for the water resources of the Colorado River Basin is
concerned with how a change in water quality might effect
water users; and thus industrial outputs. The "economic
value"4 of water quality has gained importance with the
current trends of urbanization, industrial growth, and
higher standard of living. Water is being used in
greater quantities for household equipment,,air
conditioning (both in office buildings and homes), and
in public places, such as swimming pools and parks.5

The method developed by William Mierynk was used to
-make long-range projections of economic activity in the
Colorado River Basin subject to water quantity and quality
constraints. The conventional open Leontief Input-Output
model with changing input coefficients was the fore-
casting model. Separate transactions tables were derived
for each sub-basin and linked together balancing import
rows and export columns to form a "pure" interregional

model. A set of sectoral water input coefficients were

4Allen V. Kneese, Water Pollution, "Economic Aspects
and Research Needs" (Baltimore: John Hopkins Press,
1962), p. 25.

5W. A. Hardenbergh and Edward B. Rodie, Water Supply
and Waste Disposal (Scranton: International Textbook
Company, 1966), pp. 40-45,
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introduced to determine the relationship between the
future water demanded and the future supply. This rela-
tionship determined how water quality would influence in-
dustrial output. If the quality o§ water demanded ex-
ceeded the available supply, Mierynk assumed the market
would allocate the available supply to the "highest
value-added" or "most profitable" uses (this basic as-
sumption is a point of contention, and will be discussed
later). This meant that the decision was madé in advance
that lesser quantities of water would be used in those
sectors where each gallon of water consumedryielded the
lbwest rates of return to the users. Water quality then
became a coﬁstraint on the water users. To allow quality-
constrained projections to be made, it was necessary to
estimate the total dissolved solids in parts per million
which would result from the increased use of water to
meet the projected levels of total gross output in each
sub-basin. After the water quality constraints were
derived, the results were analyzed in relation to the
industrial (economic) realm, rather than the environﬁental
(noneconomic) realm.

Both Mierynk's study and this thesis have used a
Leontief Input-Output matrix as a base for calculations.
Both inquiries were concerned with the wasteloads being

generated by industries, which involves calculating a
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pollution figufe per product unit produced. However,
after assessing the quantities of wasteloads generated
by industries, Mierynk returned to the industries them-
selves to evaluate the effect the environment (decreased
water quality) may have in the economic realm. Con-
clusions could then be drawn concerning the interdepend-
ence of the environment and industry, i.e. thé relation-
ship between economic output and water inputs pf a
specified qualiﬁy. The primary concern of thisithesis
was not the economic ramifications of pollution generated;
rather the noneconomic (environmental) effects of the
pollution generated by industries.

In order to derive the quantities of resources

“necessary for production, it is vital to develop input

coefficients of the resources being used. The form of
these coefficients should be the number of units of the
resources required per dollar of output of the industry.
This was the method used by Mierynk. .A knowledge of
these coefficients would have expanded the conclusions
of this thesis; however, sufficient data were not avail-
able on water use. In integrating the water input co-
efficients and the Input-Output Matrix, Mierynk made
some previous decisions concerning the allocation of
water. He assumed the market structure will cause

adjustments as water becomes scarce. This, in effect,
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classified water as a private rather than a public good,
which is a question still unsettled. If water is a pri-
vate good, then what Mierynk projected is valid. As
water becomes more scarce and a need is brought about

to reuse the water, if the price of water rises, marginal
businesses (farms in this study) will be driven out and
no shortage of water will exist. This means that the
more capital intensive enterprisés will survive. -If,
however, water quality is a public good, which Samuelson
defines as one which satisfies the following relation-
ship:

X2=X;, and (i=1l,...,n), where, X2=quantity of public good
where, X2=quantity of public good produced, :
X%=quantity of public good consumed by ith con-

sumer

supplying the good to one individual is not possible without
simultaneously supplying it to other individuals. There
is a joint supply constraint.

Production of higher quality water requires either
a rise in water prices or the investment of water puri-
fication equipment, but the water cannot be supplied
selectively to some users and not to all users. In

effect, the joint supply constraint prevents market

mechanisms from determining the quantity of water produced

'sPaul Samuelson, "The Pure Theory of Public Expendi-
ture," Review of Economics and Statistics, Vol. 36
(November 1954), p. 387.
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of a specified quality.6 Mierynk assumed that if a
scarcity of water existed the market would allocate the
available supply to the "most profitable" uses, which is
not true unless water is considered a private good.
Mierynk's study does project future conditions
concerning water demand and water supply relative to
industrial needs. And water input coefficients are
vital in an environmental quality analysis. This re-
quires available water use information and an‘ééceptance
of his initial assumption that water is a private good.
The main thrust of Mierynk's study was the effect of
water quality constraints on production, and other

changes in environmental gquality were not evaluated.

CONCLUSIONS

These two studies illustrate two recent attempts to
assess the environmental effect of an industry using
Input-Output methodology. Data is nof yet availablé
to empirically test Isard's theory. Mierynk's was
primarily concerned with changes in water quality. In
relating the concept of these studies, i.e., using Input-

output methodology for an environmental quality analysis,

6Allen V. Kneese and Blair T. Bower, Managing Water
Quality: "Economics, Technology, Institutions" (Balti-
more: Johns Hopkins Press, 1968), pp. 202, 203.




in conjunction with data currently available, the method-

ology presented in Chapter 3 was developed.
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CHAPTER III
METHODOLOGY

Adam Smith and his immediaﬁe successors approached
the economy as a whole, which is defined today as
macroeconomics. Later economists cﬁanged the focus to
the household and the firm, microeconomics. The Neo-
classical economists analyzed the forces leadiﬁg to
economic equilibrium, specifically partial equilibrium,
looking at one variable at a time, such as interest
rates. John Maynard Keynes returned to aggregative
economics, pfimarily the determinants of income and
employment. None of these economists were directly
concerned with economic interdependence, or the struc-
ture of the economy and the manner in which the sectors
fit together.

There were a few departures from these early analy-
ses, including Francois Quesnay in 1758, who published

his Tableau Economique, which emphasized the interde-

pendence of economic activities. Quesnay's study was
concerned with the successive rounds of spending, a
forerunner of the modern multiplier. Later economists'

work added to the development of this model, including,

29
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Leon Walras, whose theory of production utilized "pro-
duction coefficients," and Gustav Cassel and Vilfredo
Pareto who contributed to the theory of general equilib-
rium. The final step in the development of the Input-
Ooutput methodology came in 1930, when Wassily Leontief
developed a general theory of production based on the
notion of economic interdependence,land subsequently
published the first Input-Output .table for the American
economy.l | .
Input-Output analysis has now become an integral
part of modern economics. It is being applied to such
problems as the allocation of resources and distribution
of income, té the development of underdeveloped countries,
and more recently to the measurement of environmental

impact.

OUTLINE OF THE MODEL

As technology advances and becomes more specialized,
there comes a greater degree of economic interdependence
among industries. Therefore to assess the total effect
of an industry, it becomes necessary to look at all firms
in which this industry generates a greater demand for

goods and services.

;William H. Miernyk, The Elements of Input-Output

Analysis (New York: Random House, 1965) , pp. 3-6.
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A list of industries which are economically linked
with the strip-mining of coal industry in Kansas is the
starting point for assessing the environmental impact
resuiting from these industries when they produce their
output. This list was compiled from the "Kansas Direct,
Indirect, and Induced Requirements Matrix;" and is the

final matrix of the Kansas Interindustry Study.2

DEVELOPMENT OF THE KANSAS DIRECT, INDIRECT, AND
INDUCED REQUIREMENTS MATRIX

An Input-Output model divides the economy
into a number of industries or sectors and then
derives the magnitude of the flows of products
and services among these industries. There are
three tables which are basic to an Input-Output
system; the Transactions Matrix, the Direct
Requirements Matrix, and the Direct and Indirect
Requirements Matrix. A simple illustrative
Input-Output system frog Dr. Emerson's study
explains this analysis.

2M. Jarvin Emerson with Lecnard D. Atencio, Phillip
D. Brooks, and J. David Reed, The Interindustry Structure
of the Kansas Economy (Manhattan: Kansas Office of
Ecnomic Analysis and Planning Division, Kansas Department
of Economic Development, 1969), Appendix C, Input-Output
Tables, "Kansas Direct, Indirect, and Induced Requirements

v Matrix.™

31pid., pp. 20-23.
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SIMPLE ILLUSTRATIVE INPUT-OUTPUT SYSTEM

ILLUSTRATION 3-A

Input-Output Transactions Matrix--this shows the
typical transactions undertaken in the Kansas economy.

IN MILLIONS OF DOLLARS

PURCHASING 4,
SECTORS e o] §t)
SELLING Eo 50 3 & S B
SECTORS K5 588 0§ S8 o5
F = e N B O
Farming 4 8 2 l6.. 30
Manufacturing 7 -15 6 22 50
Trade 6 5 4 10 25
Final Payments 13 22 13 0 48
Total Inputs 30 50 25 48 153

Each column respresents the purchases and payments made
by that column sector. For example, the farming sector,
to produce its $30 million output, purchased $4 million
from the farming sector, $7 million from the manufacturing
sector, and $6 million from the trade sector, and made
$13 million of payments to the final payments sector.
The final payments sectors represent expenditure cate-
gories of industries other than purchases of goods and
services from Kansas industries. These include House-
holds (wages, salaries, interest, profit, and rent),
Gross Savings (retained earnings and depreciation),
Federal Government (primarily taxes), State Government,
Local Government, and Imports (out-of-state purchases.)
Conversely, each row indicates the sales of that row
sector to the column sectors. Further, the farming row
sector sells $4 million to farming, $8 million to manu-
facturing, $2 million to trade, and $16 million to final
demand, for a farming row sector total of $30 million of
output. The final demand sector includes eight sectors
which are Kansas households, gross private investment,
change in finished goods inventory, federal government-
defense, federal government-nondefense, state government,

41bid., p. 95.
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local government, and exports.5 For each sector, total
inputs (purchases and payments) equal total outputs
(sales).

ILLUSTRATION 3-B

Direct Requirements Matrix--this indicates for
each column industry what proportions of purchases it
makes of each row industry to produce one dollar of
output.

!
S
1 1P 0
=l) g0 el
a0 S m o d
© - o H S M
(<] = A 3
Farming .13 .16 .08
Manufacturing «23 «30 .24
Trade .20 .10 .16
Final Payments .44 .44 .52
TOTAL - 1.00 1.00 1.00

In each column entry in the Transactions Matrix is
divided by the corresponding column total, the result
will be a Direct Requirements Matrix, as shown above.
The sum of each column is one, and thus, each column
entry indicates the direct purchases from each row
sector necessary to produce one dollar of output for
the column sector. For example, the manufacturing
column indicates that in order to produce one dollar of
manufacturing output, manufacturing must purchase $.16
from farming, $.30 from manufacturing, $.10 from trade,
and $.44 from final payments. These dollar fractions
are referred to as input-output coefficients.

SIbid., p. 107.
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ILLUSTRATION 3-C

Direct and Indirect Requirements Matrix--this
measures the multipie indirect effects of a change in
output of a particular industry.

-y
3

! [ s (0]

£ 50 g

H [= 3 o)l (1]

© - M Y = S|

B = A £
Farming 1.2844 .3242 .2149
Manufacturing .5493 . 1.6360 .5174
Trade 3712 .2710  1.3031

The information contained in the hypothetical Direct
Requirements Matrix (on previous page) indicates an
additional $10 million of manufacturing requires $1.6
million purchases from farming, $3 million purchases from
manufacturing, and $1 million purchases from trade. In
order to supply these additional requirements each of
these industries must increase its production. These
sectors, in turn, must purchase more from their suppliers
in the proportions indicated in the Direct Reguirements
Matrix. For instance, for trade to produce the addi-
tional $1 million which the manufacturing sector re-
quires to produce its extra $10 million output, the

trade sector must purchase $80,000 from farming, $240,000
from manufacturing, and $160,000 from trade. This re-
quires an output increase from each of the sectors
supplying trade, and in turn these sectors must purchase
additional inputs from other sectors. As the illustra-
tion suggests, these indicate requirements diminish
rapidly as they are traced through several "rounds."
Nevertheless, these are critical in ascertaining the
total requirements of all industries made necessary by
additional output in a particular industry. In the
Direct and Indirect Requirements Matrix (on this page),

a column shows the requirements from each industry in
order for the column industry to make a one dollar
delivery to final demand, or roughly, to increase its
output by one dollar.




Direct, Indirect, and Induced Requirements Matrix--
this includes both the household row and column and is
similar in interpretation to the Direct and Indirect
Requirements Matrix. Included in the expanded matrix,
however, are the effects of additional consumer income
and expenditures, households were previously in the
final demand sector. Not only, are there the effects
of additional purchases from other industries, but also
the additional income to households which enables con-
sumers to spend more. This represents additional demand
for the output of most state industries.

DEVELOPMENT OF THE ENVIRONMENTAL IMPACT TABLE

Coal mining, which in Kansas is limited to the
strip-mining of bituminous coal is classified in the
Kansas Direct, Indirect, and Induced Requirements
Matrix as Other Mining, column 16.7 This column
represents the total direct, indirect, and induced effects
on each industry resulting from a change in one dollar
delivery to final demand by the Other Mining industry.
All Kansas industries will experience some impact. The
list of all these industries aléng with their respective
coefficients is the starting point for the assessment of
the environmental effects of the strip-mining of coal
industry in Kansas (see Table 3-1).

From the initial list, industries were eliminated
for one of three reasons. Either because their environ-

mental effects were minimal; a duplication of the source

61pid., p. 149.

7Ibid., Appendix C, Input-Output Tables.
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* TABLE 3-1
ALY, INDUSTRIES AND THEIR RESPECTIVE COEFFICIENTS ECONOMICALLY LINKED WITH THE
STRIP-MINING OF COAL INDUSTRY IN KANSAS

INDUSTRY COEFFICIENT
FARMING:
Corn ’ .000659
Sorghum g . .001148
Wheat .000465
Other Grains .000039
Soybeans - .000844
Hay .001074
Dairy Products : .002359
Poultry & Poultry Products .000222
Cattle ' ’ .005439
Hogs . ’ _ .001221
Other Agricultural Products . 7. .000799
Agricultural Services . .00059%
MINING: '
Crude 0il & Natural Gas ‘ .017475
0il & Gas Field Services : .002139
Nonmetallic Mineral Mining ' .000625
_ Other Mining ' ' 1.293407
CONSTRUCTION: : ’
_ . Maintenance & Repair .009000
e ; Building Construction : .000001
Q Heavy Construction _ .000252
d . Special Trade Construction .043791
MANUFACTURING: ‘
Meat Products .007667
Dairy Products .004184
Grain Mill Products .001247
Other Food & Kindred Products .005199
Apparel ‘ .000315
| Paper & Allied Products - .004660
| © Printing & Publishing _ .004241
| , Industrial Chemicals i .000538
| Agricultural Chemicals A .000282
Other Chemicals - .007321
Petroleum & Coal Products 4 .026066
Rubber & Plastics .082643
Cement & Concrete ' .001131
Other Stone & Clay . .002786
Primary Métals — .004237
Fabricated Metals - .001436
° y Other Fabricated Metal Products 007933
Farm Machinery .000465
o Construction Machinery .000521
.. Food Products Machinery .000522
Electrical Machinery - .006248
Other Machinery .004860
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TABLE 3-1 (Cont'd)

INDUSTRY COEFFICIENT
MANUFACTURING (Cont'd): i : ]
Motor Vehicles .000020
Aerospace .002019
Trailer-Coaches ‘ _ .000810
Other Transportation Equipment -.000251
Other Manufacturing .006673
TRANSPORTATION: )
Railroad Transportation ) .010084
Motor Freight .006219
Other Transportation - .001729
UTILITIES: -
Communications : : .011150
Electric Gas & Sanitary Service T .050661
WHOLESALE¢ :
Groceries . .002458
. Farm Products , o .001287
' Machinery & Equipment .031171
Other Wholesale Trade .021215
RETAIL: - '
' Farm Equipment Dealers ' .000222
Gasoline Service Stations .007017
‘ , Eating & Drinking .017360
o Other Retail Trade .040941
(/ F. I. R. E.:
- , Banking ' .014050
Other Finance .016727
Insurance and Real Estate 045494
SERVICES: . : '
~Lodging Services .003947
Personal Services ' .014184
Business Services .009127
Medical & Health Services .017712
Other Services - .007934
Education - } 002391

Households 355007

Source: M. Jarvin Emerson, with Leonard D. Atencio, Phillip D. Brooks, and
- J. David Reed, The Interindustrv Structure of the Kansas Economy,
Manhattan, Kansas, January, 1369 (Topeka, Kansas: Office of
Economic Analysis and Kansas Department of Economic Planning
Division, 1969), Appendix C, Kansas Direct, Indirect, and Induced
Requirements Matrix. -
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of environmental effects would result; or, information

on their environmental influence was not available. 1In
the first category are primarily the wholesale and
finance sectors, the services sector, and the maintenance
and repair sectors. Information is not available for
three industries in the mining sector; the crude oil

and natural gas industry, the oil and gas field services
industry, the non-metallic mineral mining indgstry, and
the rubber and plastics industry. In the second category
was the agricultural services sector. Since this
sector's environmental influences are due to the applica-
tion of fertilizers to farm crops, and the amoﬁnt of
.fertilizer is counted when looking at the individual
agricultural sectors; such as corn, sorghum, wheat, etc.,
the environmental effect of fertilizers would have been
counted twice. Table 3-2 summarizes the industries

and the consideration each was given in relation to the
environment.

In quantifying the environmental effects, industries
are either evaluated separately, or similar industries
are assessed collectively. The numerical quantities
applicable are presented in Table A-1l. Even though in-
dustries are dissimilar in their manufacturing processess,
like pollutants may be summed, see Table D-1 and D-3 to

determine the total environmental effect.
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TABLE 3-2 :
SUMMARY OF THE ENVIRONMENTAI. CONSIDERATION GIVEN TO THE INDUSTRIES ECONOMICALLY
LINKED WITH THE STRIP-MINING OF COAL INDUSTRY IN KANSAS
ENVIRONMENTAL IMPACT NOT ASSESSED
ENVIRONMENTAL INFORMATION NOT HAD MINIMAL ENVI- DUPLICAT
INDUSTRY IMPACT ASSESSED AVAILABLE RONMENTAL INFLUENCE

Corn

Sorghum

Wheat

Other Grains
Soybeans

Hay

Dairy Products
Poultry & Poultry Products
Cattle

Hogs

Other Agricultural Products
Agricultural Services T o e o X
Crude 0il & Natural Gas :
0il & Gas Field Services
Nommetallic Mineral Mining

Other Mining X
Maintenance & Repair
Building Construction

Heavy Construction

Special Trade Construction
Meat Products '

Dairy Products

Grain Mill Products

Other Food & Kindred Products :
Apparel : X
Paper & Allied Products
Printing & Publishing ;s » X
Industrial Chemicals
Agricultural Chemicals
Other Chemicals

Petroleum and Coal Products
Rubber & Plastics X
Cement & Concrete '
Other Stone & Clay

Primary Metals

Fabricated Metals

Other Fabricated Metal Products
Farm Machinery

Construction Machinery

Food Products Machinery ‘ ==
Electrical Machinery L

Other Machinery

Motor Vehicles

Aerospace

Trailer Coaches A

Other Transportation Equipment

Other Manufacturing

PEPd DA D4 P P P D

b b4 B4 b4
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BASIC PROCEDURE

The same basic procedure is followed for each in-
dustry to convert the Total Direct and Indirect Pur-
chases and the Induced Effects of Consumers, to be

referred to as Total Purchases and Consumers Effect,

which expressed in dollars to units of products in each

industry. This involved two variables and one constant.

The formula used was:

Coefficient x Coal Industry Output _ Total Purchases
~ and Consumers'
Effects

Average Dollar Price per Unit

Variables used were:

1. Input-Output Coefficient--taken from column 16

of the Kansas Direct, Indirect, and Induced Require-
ments Matrix. This represents the total direct, in-
direct, and induced effects on each industry re-
sulting from a change in one dollar delivery to final
demand (excluding households) by the Other Mining
Industry. All Kansas industries were subject to

some impact.

2. Average Wholesale Dollar Price per Unit--taken
from the Wholesale Price Index.® This was either
the single average price of the product produced by
an industry or a representative price; computed if
more than one product was represented by an industry
sector. This was a simple average. For example,
the price of $1.008 per bushel of Other Grains was
computed by summing the average price per bushel of;
Oats, $.711 per bushel; Barley, $1.130 per bushel;
and Rye, $1.184 per bushel, and then dividing by
three. An indirect assumption made is that the
Total Industrial Output of a sector is divided
equally among representative products. Wholesale
prices are used in lieu of retail prices since all

'8U.S. Department of Labor, Wholesale Prices and Price
Indexes, January and February, 1965 (Washington, D.C.:
Government Printing Office, 1965), pp. 6-21.
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transactions are valued in producer's prices, rather
than in purchaser's prices. The difference between
the former and the latter are marketing and related
costs. Individual marketing costs are charged to

the purchaser as a direct purchase from those sectors
~rather than as part of the purchase price of the
commodity.9 .

Constant used was:
$6,072,000, which represents the Total Coal Industry
Output for 1965 demanded by the remaining final
demand sectors, after households is removed.l0
The following example is taken from Table A-1 ‘and

illustrates the method.

INDUS~ COEFFI- COAL INDUSTRY AVERAGE WHOLE- UNITS OF
TRY CIENT OUTPUT PRICE PRODUCT

Corn  .000659 x $6,072,000 =+ $1.289 = 3,104 bu.

There is onelbasic assumption underlying all calcula-
tions, which is that the wasteload generated per unit
produced is constant, therefore the marginal rate would
be equal to.the average‘rate. It is possible to compute
a Marginal Propensity to Pollute per unit produced.
However this measure should be used with extreme caution.
As more research is done pertaining to wasteloads gen-

erated, then the MPP statistic will have more practical

9This was the accounting characteristic used by
Dr. Emerson in the Kansas Interindustry Study, refer to
page 28 in the printed book. -

10:pid., p. s6.




value as an environmental and planning tool. An example

| is listed in the following example.

PROCEDURE :
BW=Total Wasteload Generated, where,

B=Pollution; or, Marginal Propensity to Pollute
Output (MPP) /Product Unit Produced; and,

W=Direct, Indirect, & Induced Coefficient x Final
Demand (excluding households)
Wholesale Price

ILLUSTRATION, USING THE CORN INDUSTRY:

Nitrogen loss=65 lbs./acre
Corn output=74 bu./acre
Direct, Indirect, and Induced Coefficient=.000659
Final Demand (excluding households)=$6,072,000 (Coal
) Industry Output)
| Wholesale Price=$1.29/bu.

BW=2,730 1lbs. of nitrogen loss,'where,

B=65 lbs./acre = 1.54 (MPP) in 1lbs./bu.
74 bu./acre e

{ W=.000659 x $6,072,000 = 3,102 bu.
| $1.29

BW=3,102 bu. x 1.54 (MPP)=2,730 lbs. of nitrogen loss.

42
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The procedure used to quantify the environmental
effects varied slightly with each industry. Even though
the calculations made are presented in Appendix A, to
illustrate the procedure used the following two indus-
tries will be presented in detail. These are the agri-

cultural sector and the strip-mining of coal industry.

AGRICULTURAL SECTOR

In the agricultural sector, the Kansas'industries
of corn (l)ll, sorghum (2), wheat (3), other grains
(4), soybeans (5), hay (6), and other agricultural
products (11) , experience an increase in final demand
(excluding households) from each dollar's output from
the strip-mining of coal industry in Kansas. Since
agricultural effluents differ only in amounts, according
to the growing method, these seven industries are evalu-
ated collectively when assessing their environmental
effects.

As a result of man's farming activities there is
an accelefation of eutrophication, the natural process
of enrichment of water with nutrients. Although the
increase of crop yields after fertilization is desirable

in terrestrial situations, the effects of eutrophication

11
study.

Indicates the Industry Code used in Dr. Emerson's




of waters is often undesirable.lz_ The nutrients which
are most important in this process are nitrogen and
phosphorus, and to a lesser degree, potassium. The
first two are vital in the greatest. amounts for the
production of green plants.13

These three nutrients influence water quality
through two processes; leaching and erosion. Leaching,
caused by the percolating of water through laygrs of
soil, carries amounts of these dissolved nutrients to
the water table. Erosion, the wearing away of soil by
water action, occurs faster if the top layer of soil is
diSturbed. Cultivating or tilling of crops intensifies
fhis process. The amounts of nutrients lost because of
leaching and erosion.are in Table 3-3.

To utilize this table it is necessary to classify

the crops according to their respective production

" methods. There are three types of crops: 1) intertilled

crops 2) annual crops not intertilled 3) biennial and

perennial crops. The intertilled crops are those which

" require cultivating or tilling between rows. In this

12'I‘ed L. Willrich and George E. Smith, eds., Agri-
cultural Practices and Water Quality (Ames: Iowa State

University Press, 1970), p. 314.
13

Ibid., p. 315.
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TABLE 3-3
_10SS_OF PIANT NUTRIENTS FROM HARVESTED CROPS IN THE U.S. A.L1930
) POUNDS PER ACRE PER YEAR
TYPE OF CROP & SOURCE NITROGEN PHOSPHORUS PCTASSIUM

Intertilled crops :
Leaching : 17.1 ’ 39.1

| Erosion o » 48,1 21.0 280.7
| Annual crops, not intertilled
| Leaching : 32,57 37.6
Erosion ' 11.1 4.9 65.0
| . Biennial & Perennial Crops
| Leaching 23.0
- Erosion . 24.2 10.6 141.1
© Source: Lipman and Conybeare (1936) as reported by Biggar & Corey (1969)

" in Ted L. Willrich and George E. Smith, eds., Agricultural
Practices and Water Quality (Ames: Iowa State University
Press, 1970), p. 321.

T UL S
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category the Ksnsas industries would be corn, sorghum,
and soybeans. Annual crops, not intertilled would be
crops which are sown each year, and do not require
cultivating of tilling between rows. Wheat, oats, barley,
rye, potatoes, and beans would be in this cafegory. The
last category, biennial and perennial crops, are generally
cool season grasses which requiré neither sowing nor
cultivating, such as hay.‘14

After grouping the seven Kansas industries, the next
step is to determine the amount of acres necessary to
produce the "Total Purchases and Consumers ' Effects."15

By dividing this number by its respective average crop

yield in the United States, the number of acres required

.is obtained (452 acres). The number of acres required

is then multiplied times the amount of nutrients taken

from Table 3-3. The final step is to sum the guantities
of nitrogen, phosphorus, and potassium. The resulting
amounts then become the environmental effects from

plant nutrients of the agricultural sector. Since these

" occur as a result of an economic link with the strip-

mining of coal industry in Kansas, they are included

in the coal industry's environmental effects. —.-

14Verlin Peterson, Kansas State University Extension
Agronomist, telephone call, October 15, 1971.

15See page 37.




The other source of environmental effect from the
agricultural sector is the loss of sediment, which may
reduce the carrying capacities of streams. Sediment loss
is calculated according to the following assumptions:

(1) The average estimated sediment yield for the
Arkansas-White-Red Region is 2,200 tons/square mile/
year under the following conditions:

(a) Relief--rolling with average slopes of

s o 5 to 10 percent. :
W (b) Soil Infiltration--normal, deep loom with

‘ infiltration about equal to that of.typical
prairie soil.
(c) Vegetal Cover--fair to good; about 50
percent of the drainage area in good grassland,
woodland, or equivalent cover; not more than
50 percent of the area in clean, cultivated

crops.

N

,} \}\’,:', 7«.

;= T 7 (2) 2,200 tons/square mile _
4 ' 640 acres/square mile ~ 3.5 tons/acre/year

(3) 452 acres x 3.5 tons/acre = 155.5 tons of
B sediment loss which is again an environmental
| © effect of the strip-mining of coal industry in

>, JUD

v MV
Al ~ 0 Kansas. -
ﬁ’() g
If all the like pollutants are summed, the amounts
TQ‘? . of effluents from the agricultural sector in Kansas which
occur because of the Total Purchases and Consumers' Effects
; i‘éi of the strip-mining of coal industry would be 25,000 pounds
éﬁ %3¢f‘ of nitrogen, 5,000 pounds of phosphorus, 104,000 pounds
AT of potassium, and 156 tons of sediment loss.
3\§i i;é; 16David Keith Todd, ed., The Water Encyclopedia (New
E; S %" York: Water Information Center, 1970), pp. /7-80.
‘\fi A )
() ; ™~
S [V
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STRIP-MINING OF COAL INDUSTRY

In the other mining industry of the Kansas econony,
of immediate concern is the strip-mining of bituminous
coal industry. 1In 1965 the industrial output of this
industry was more than $6 million,17 representing the
extraction of over 1.3 million tons of coal18 and
destruction of approximately 500 acres.19

As a result of this mining activity there are three
environmental effects to be measured. These are air
emissions from diesel engines used on the site; visual
degradation of the landscape; and an acceleration of
erosion from the loss of vegetal cover.

The main use of diesel engines is the transporting
of coal from the mining site to the tipple to be cleaned.
The following assumptions are made to determine the

amount of driving hours this would entail:

P

1702. Cit., Emerson, "Interiﬁdustry Study," p. 56.

18U S. Bureau of Mines, Yearbook Area Report, 1970
(Washington, D.C.: U.S. Government Printing Office, 1970).

19See. Appendix A, p. 62.



(1) 1,310,000 tons of coal were mined.
(2) A 50-ton truck was used for hauling.*
(3) Hauling trips were 15 minutes long.**

Therefore 26,200 trips or’l;}%%LQEQ’ are made requiring

6,550 hours or g%j%%Q, of driving.

The amounts of air emissions resulting from the diesel
engines are determined by using the table in Table A-1l.
After consulting with a mechanical engineer,21 maximum
emissions were determinea to be the appropriate measure.
The reasons being the brevity of the trips implies numer-
ous starts and stops; and, the majority of the hauling
takes place'on dirt roads which implies poor traction.
Since the Foley Tractor Company engine output figures
were in flywheel horsepower, no coﬂversion factor was
'necessary from flywheel horsepower figure into BHP
(Brake Horsepower Hours), because flywheel horsepower

measures the actual output of the engine as does brake

*The size of the truck bed is the middle capacity
of trucks bought_by the mining companies from the Foley
Tractor Company.

**The length of the trips is the average time giyen
by a person familiar with the strip-mining activity.2

19Salesman, Foley Tractor Company, Wichita, Kansas,
telephone conversation, September 5, 1971.

20Frank Fox, Mined Land Redevelopment Office, Girard,
Kansas, October 10, 1971.

21J. B. Sevart, Faculty Member of the Engineering De-
partment, Wichita State University, personal interview,
August 10, 1971.
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horsepower hours. This is not the same figure as the
horspower a car manufacturer might advertise. (The
latter would be less due to power lost due to friction.)_
To derive the total number of BHP hours, it is

ﬁecessary to multiply the hours driven, 6,550, by the BHP
of the diesel engine, 600, which equals 3,930,000 BHP hrs.
To determine the total wasteload generated, multiply this
number by the grams of air emissions per BHP hr. result-
ing in 38,121,000 grams of carbon monoxide, 57,903,000
grams of hydrocarbons, and 28,530,000 grams of nitrogen
oxide.

| Following the strip-mining process, the watershed
'characteriséics would be as follows. The relief is hilly,
with average slopes of 10-30%. The soil infiltration is
high, because there is no effective soil cover, only
rocks or a thin soil méntle of negligible infiltration
capacity. The vegetal cover is“sparse.22 Using these
assumptions the sediment yield is 8,210 tons of soil per
square mile.

To convert these tons of sediment per square mile to

cubic feet of soil lost, divide this figure by the number

8,210 tons/sg.mi.
640 acres/sqg.mi. '’
which is 12,83 tons of sediment yield per acre annually,

of acres in a square mile, 640, or

50

220p. Cit., David Todd, "Water Encyclopedia,” p. 77-80.
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or 25,660 pounds. The weight of a cubic foot of clay-

o5 @ 23 25,660 lbs. _
earth type soil is 110 pounds and 110 15s. = 233

cubic feet of sediment yield per acre annually. There-
fore, 493 acres of soil barren of Yegetal_cover may lose
12,650,000 lbs. of sediment annually.

The environmental effects accruing from the strip-
mining of coal process would be over 6,000 tons of sedi-
ment loss, 38,121,000 grams of éarbon_monoxide, 27,903,000
grams of hydrocarbons, and 28,530,000 grams o%'nitrogen

oxide.

A23Robert Peele, ed., Mining Engineer's Handbook
(Vol. II, New York: John Wiley and Sons, Inc., 1956),
po 3-30.
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CHAPTER IV
SUMMARY AND CONCLUSIONS

-

When the methodology described in Chapter 3 is
applied to the Kansas Coal Mining Industry and its eco-
nomically related industries, the total water and air
pollutants generated annually, by type, are shown in
Table 4-1 and Table 4-2, respectively.l A poiht should
be made that these wasteloads do not represent the total
amount of wasteload generated by all Kansas industries,
but only fof the Coal Mining Industry and that portion
of industrial output which is produced in meeting the
demand generaﬁed in other Kansas industries by the Coal
ﬁining Industry in Kansas. |

Knowledge of the absolute amounts of industrial
pollutants generated does not enable one to reach con-
clusions as to the environmental effeéts or importance
of these contaminants. Therefore it is necessary that
these absolute valuesAbe compared to other measures or

related to the current wasteloads being processed.

lFor detailed calculations refer to Appendix D.
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WATER QUALITY

For the area of water quality two of the twenty
effluents, Biological Oxygen Demand (BOD) and Suspended
Solids (SS) are equivalent to 4,800 persons and 3,600
persons.2 The amounts of nitrogen, phosphorus, BOD, and
SS may be compared to the average daily amounts of like
pollutants received by the Sewage Treatment Plant in
Wichita. In an aQerage day the Wichita Sewage Treatment
Plant receives 10,216 lbs. of nitrogen, 3,002wlbs. of phos-
phorus, 62,550 lbs. of BOD, and 68,850 1bs. of SS.> The
amounts of water pollutants generated by the Coal Mining
Industry and the production economically linked to Coal
(see Table 4-1) are 99,405 lbs. of nitrogen, 33,806 lbs.
of phosphorué, 298,930 lbs. of BOD, and 258,266 lbs. of
.SS. The;efore, the annual wasteload generated by the
Coal Mining Industry in Kansas and those industries
economically linked to it (this is not a total amount,
see previous page) would be equal to ten times the daily
amount of nitrogen received by the Wichita Sewage Treat-
ment Plant, eleven times that of phosphorus, five times
that of BOD, and four times that of SS. It should be

pointed out that the environmental effect of these

2For detailed calculations refer to Appendix D.

'30tis Harder, engineer, Wichita Sewage Treatment
Plant, telephone interview between writer and respondent,
June 27, 1972.




TABLE 4-1

1970 WATER QUALITY EFFECTS OF THE DEMAND GENERATED

BY THE STRIP-MINING OF COAL INDUSTRY

AND ECONOMICALLY RELATED INDUSTRIES IN KANSAS

POLLUTANT

Sediment Yield
Nitrogen
Phosphorus
Potassium

Total Solds
B.0.D.

Suspended Solids
Grease
Dissolved Solids
Phenol

Sulfide

Cyanide
Fluoride

Solid Garbage
Ammonia

Ferric Sulfate
Lube Oils
Sulfuric Acid
Emissions
Soluble Metals

-

POUNDS
PER YEAR(1970)

25,302,400
99,405
33,806

- 167,701

1,456,496
298,930
258,266

. = - 198

' 231,365

125

14

: i . 34
: ’ 37
1,811,282

91

, A 3,190
B 3 4,152
" 15,482

485
o o 93
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TABLE 4-2 .
1970 AIR QUALITY EFFECTS OF THE DEMAND GENERATED BY THE STRIP-MINING
OF COAL INDUSTRY AND ECONOMICALLY RELATED INDUSTRIES IN KANSAS

2 POUNDS T
POLLUTANT PER YEAR (1970)
Particulates ‘ 23,510
Hydrocarbons ' 294,058
Organics 460,023,125
Nitrogen Oxides 2,140,349,766
Sulfur Oxides ' 46,097,778
Sulfur Dioxide : - 145,200 °
"Sulfur Trioxide _ ' 3,005
Carbon Monoxide A - 1,271,578
Ammonia . : 139,999,792
Aldehydes : - 306,662,613
Aerosols ) 1,002
- Dust ‘ ‘ ’ 92,109
; Acids S ; 380,036,656
~  Solids oo B - © 273,856

4 : o s ——

_— N A
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pollutants dispersed in water depend on several variables
such as, the rate and amount of water flow, the tempera-
ture of the water, the distribution in time, and the
geographical distribution of these- effluents. All of
these variables will determine the magnitude of the
detrimental effects of the pollutants. However, a com-
parisoh with the wasteload received at the Wichita Sewage
Treatment Plant will enable one to get a "feeling' for

the pollutants.

AIR QUALITY

As in yater quality there are several variables
which should be taken into consideration when translating
the amount of air emissions into environmental effects.
An attempt was made initially to convert the air emis-
sions (Table 4-2 to Parts Per Million (PPM). Since PPM
can be any measure such as, parfé pér million ounces or
parts per million pounds, an effort was made to calcu-
late the weight of air over some geographical area.
However, as in water quality, this amount will be in-

fluenced by several variables such as, wind movement,

rainfall, and temperature.4 Further, when and if these

4Robert J. Chanslor, Assistant Chief of the Program
Support Branch (Air), Environmental Protection Agency,
Kansas City, Missouri, telephone interview between writer
and respondent on June 4, 1972.




air emissions are released into the atmosphere there are
additional conditions one must know such as stack param-
eters, time and rate of emissions, and the geographical
distribution of these emissions.5

IMPACT OF THE MINING LAW6

The environmental effects of the reclamation law
were estimated.7 Reclamation as-required by law should
reduce sedimeﬁt yield from 6,325 tons per year to 379
tons. There would be an increase in other pollutants
(see Table 4-3) produced by the cattle grazing industry
and the portion of industrial output which is produced
by other Kangas industries in meeting the demand of the
_cattle grazing industries, or in those industries to
which cattle grazing is economically linked. It is
essential to note that whereas the cattle grazing indus-
try and other industries which might utilize this re-
claimed land do decrease the amount of sediment yield,

a loss in this type of pollutant may be replaced by others.

The total sediment loss will not be completely eliminated,

SIbid.

6Mined—Land Conservation and Reclamation Act, sec.

7For detailed calculations refer to Appendix E.




TABLE 4-3
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POLLUTANTS GENERATED AFTER MINING, WITH RECLAMATION AND WITHOUT RECLAMATION

Annual PolTutants Generated

Without Reclamation

Water Quality: .
Effluent Amount

Sediment Yield
Nitrogen
Phosphorus
Potassium
Suspended Soilds
Biological Oxygen
Demand
Grease
Phenol
Sulfide
Ferric Sulfate
Lube 0Oils
Sulfuric Acid
Soluble Metals
Cyanide
Fluroides
Ammonia
Emissions

Air Quality:

Effluent E Amount

Particulates
Hydrocarbons

" Organics &

Nitrogen Oxides
Sulfur Oxides
Sulfur Dioxide
Sulfur Trioxide
Carbon Monoxide
Ammonia
Aldehydes
Aerosols

Dust

Acids

1For detailed calculations, refer

6,325:%0. tons

AnnualpollufantsGenerated by

Reclamation

ta Grasstand

--~Amount

~5,946,00
20,406.,00

6,674 .00
29,536,00
472,936.00

46,736.00
.= . 8,00
o1k

Ok

1.00
1'00
5,00

.03

01

.01

.03

17

Amount

7,474 .00
718,00
808.00
592.00
49,00
400.00
8.00
5,162,00
77.00
78,00
3.00
168.00

1,122.00

to Appendix E.

tons
lbs.
lbs °
lbs,
lbs.

1bs.
lbs.
lbs.
lbs.
lbs.
lbs.
lbs.
lbs.
1bs.
lbs.
lbs.
lbs.

1lbs.
lbs.
1bs.
1lbs.
1lbs.
1bs.
lbs.
lbs.
1bs °
1lbs.
1bs.
lbs.
lbs.




but reduced with the possibility there might be a replace-
ment with industrial contaminants. Unfortunately, there
presently does not exist a methodology to relate the en-
vironmental effects of different types of pollutants. For
this evaluation, maybe the biologiéal sciences could pro-

vide the expertise necessary.

CONCLUDING REMARKS

This methodology presented in Chépter 3 is especially
important, because it brings into an environmental quality
analysis those industries which are economically linked
to the industry under consideration. The environmental
analyses currently being.undertaken'by federal agencies
are concerned primarily with primary or “"obvious" environ-

‘mental effects. For example, in the Coal Mining Industry
the "obvious" environmental effect might be the degrada-
tion of 1land. ‘ “

In Industry A, is being evaluated only in terms of
primary environmental effects, and these are negative,
it may be an undesiréble industry because of the environ-
mental effects in thoée industries on which Industry A
is economically dependent.

In short, the methodology used in this thegls offers
a more complete picture of the economic interrelationships

and therefore environmental effects of industries, than
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does the current methodology based on primary environ-

mental effects.
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CHAPTER V
LIMITATIONS AND FUTURE RESEARCH

Inherent in any new research éroject are numerous
possible avenues for investigation. More often than not,
however, good research depends on a thorough examination
of the individual avenues, to prevent digression and
cursory treatment of important areas. In order to cir-
cumvent these pitfalls, it was decided to assess the
environmental impact of an industry using only an Input-
Output Methodology. During the course of this investi-
.gation, new areas of desirable research have presented
themselves, as have limitations of the Input-Output
‘Methodology itself. By the same token, new areas of
possible application of conclusions drawn have also come
to light. -

Some limitations of this thesis follow from the

selection of an Input-Output Methodology as a tool. Since

this type of analysié assumes constant technical coeffi-
¢cients the forecasting model is static. Although these
coefficients are not subject to frequent changes, they
are likely to vary with advances made in technoiogies,

with changes in relative prices of inputs, and with the
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appearance of new industries. It would be possible to

make allowances for these changes with a dynamic model;
however, this thesis was not sufficiently comprehensive
to make this allowance. )

Even though long-term forecasting might not be
advisable, an Input-Output study lends itself well to
"impact" analyses. Two areas of poésible application of
"impact" analyses are presented in Appendices D and E.

In Appendix D, the total environmental egfects of
the strip-mining of coal industry are viewed relative to
their non-economic impact. For example, the "Direct,
Indirect, and Induced Requirements Matrix," states that
for every doilar of industrial output of the strip-mining
of coal industry, .000659 worth of produced will be
generated by the corn industry in Kansas. By translating

this into non-economic terms this would result in 2,730

lbs. of nitrogen, 882 lbs. of phosphorus, and 13,440 lbs.

of potassium. This may be taken one step further by
assessing the potential impact of these nutrients on the
environment, i.e., speaking of this nutrient losses in
terms of possible plant destruction, harm to humans,
changes in water quality, or changes in air qu;iity. By
the addition of the non-economic impact of industries to

the economic impact of industries another dimension might
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be given to the decision making process of future planners
and policy makers.

In order to illustrate the effectiveness of "impact"
analysis relative to policy making, Appendix E is a pre-
séntation of one possible impact of the current reclama-
tion law.1 It was assumed that the acres stripped were
reclaimed and cattle were grazed on this land. The
economic impact of this venture was traced through the
"Kansas Direct,lIndirect, and Induced Matrix"w(the pro-
cedure was identical to the one used for the strip-mining
of coal industry environmental quality analysis), and
the conclusions were translated into non-economic terms.
‘This analysié may either enhance the desirability of this
law, or it may detract from the desirability of this law.

With the timeliness of the concern for envirohmeptal
quality, data is still being collected. While pollution
characteristics are readily available for general indus-
trial processes, information on individual firms has not
as yet been analyzed. This necessitated the assumption
- that the wasteload generated by Kansas' industries is
identical to general industrial effluents. If in fact,
the wasteloads generated by Kansas' industries Es greater

than or less than these general effluent amounts the

lMined—Land Conservation and Reclamation Act, sec.
49-406, K.S.A. Supplement (1968).




conclusions of this thesis will need to be adjusted.
Another indirect assumption contained in the methodology,
was that the wasteload per unit produced is constant.
Although these assumptions may or may not prove true,
they are the best possible estimates given the data
currently available.

Though the possibilities for inquiry which exist
within the area of envi;onmental quality analysis are
enticing, this thesis directs itself to one basic assump-
tion. This assumption, stated simply, is that the econom-
ic impact of an industry reflects the non-economic
impact as well. And further, by tracing the economic
impact of an industry, it may also be possible to uncover
non-economié ramifications. If credence is given to
these basic assumptions, then as future research is under-
taken in the area of environmental quality analysis the
sophistication of this tool will enhance the usefulness

of this methodology.
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APPENDIX A
ENVIRONMENTAL EFFECTS OF THE STRIP-MINING OF COAL

INDUSTRY IN KANSAS
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% 3 Y 3

. . L : Loss of Plant Nutrientd Loss—Direct, Indirect
= B &g & = = . ?‘P?Eﬂ*'l T R . e from Harvested Crop & Induced Effect on the
SNVIA NM34TAL AFFECTS OF THZ COAL MINING -FDHJ.RY % ITS SCONOMICALLY RELAZED INDUSTRIES Areas--1bs/acre/year Strip MinEng of Coal—
IN KA lSeS ; 1lbs/year
Direct,2 Acres :equired " 'm |
’ Indirect, . Total Purchases . for
Industry and! Induced Co-. Average# and . - Total Purchases §ﬁ g ? :é{ g g
Code from efficient Coald Total Purchases Wholesale Consumer Effects Average’ and Y ¢ ?; ﬁ 2 E} @
Input-Qutput  per $ Final Industry and Consumer ,Price per in units of Crop Yields Co:sumer 3 s z < £ ) S
Matrix Demand Output $§ Effects, in $'s” Unit $ product® per Acre Effects™ % = = = z = I~
"o (1) .000659 6,072,000 4,002 1.29/bu. 3,102 bu. 74 bu. 42 Leaching 17 =— 39 714 — 1,638
_ . Erosion 4& 21 281 2,016 862 11,502
Serghum (2) .001148 6,072,000 6,971 1.76/100 bu.? 7,077 bu. 52 bu. 137  Leaching 17 — 39 2,329 - 5,38
1 bu. sorghum Erosion 48 21 281 6,576 2,877 36,497
56 1bsS .°. ‘ :
. .985/bu.F v
wheat (3) .000465 6,072,000 2,824’ 1.62/bu. 1,743 bu. 27 bu. 66  Leaching 33~ — 38 2,176 — 2,508
Erosion .11 5 65 26 330 4,2
Other Grains (4) .000039 6,072,000 237 . 1.01/buF 235 bu, 37 tul 6 _ Leaching 33 - 38 198 —_ g2
* Erosion 11 £ 65 66 30 390
Soybeans (5) .000544 6,072,000 5,125 2.85/bu. 1,798 bu. 27 bul® 66 Leaching 17 — 39 1,122 — 2,594
&+ : Erosion 48 21 251 3,168 1,386 18,546
Hay -(6). .001074 6,072,000 6,521 26.25/tonf 248 tons 1.85 tons 134  Leaching 23 — — 3,082 — -
. Erosion 24 11 141 .3,216 1,474 18,894
Other .000799 6,072,000  2,571E grain 10.05/100 1bst 255 Ibs, 186 1bsT 1 Leaching 33 = 38 33 — 3
Agricultural 340§ wool 122.83/100 lbs};‘ 270 1lbs . Erosion . 11 5 65 11 5 65
Products (11) Fai sheep 21.75/100 1bs™ 8,900 IbS™  qory16: 452 . .. .. .. ... .. . 25,435 6,994 104,613
,852
Coefficient (Column in $'s,
, Towal Murcnaser and 1 ) = Total Purtnases & Consumer c£ffects in product
Totzl Curchasen & Censumer sifecte in units of product (Column €i/iverage O Yields (Column 7) = Acres Recuired, units,

Acres Required (Column 8) x Loss of Plant Nutrients (Column 9) = Total Pounds of Nutrients Lost.
For detailed calculation, refer to Table A-2

For detailed calculation, refer to TableA-3

. Pollution characteristics not available.

QWMo Qo

- H. Treated as Cattle.d

I. For detailed éalqulation, refer to Table A-4
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Q . " ‘ . ]
TABLE A-1 (Cont'd)
Direct,
: Indirect, Total Purchases :
Industry and Induced Co- Average and |
Code from . efficient Coal Total Purchases Wholesale Consumer Effects
Input-Output per $ Final Industry and Consumer Price per in units of
Matrix Demand Output $§ Effects, in $'s Unit $ product
(Agricultural Products, cont'd.) Sediment loss is qalculatcd according to the following assump-
tions:
(1) The average estimated sediment yield for the Arkansas-White=-

Red Region is 2,200 tons/sq. mile/ycar under the following ;

conditions:

(a) Relief—rolling with average slopes of 5 to 10 percent .

(b) Soil Infiltration—normal, deep loam with infiltratio
about cqual to that of typical prairie soil.

(c) Vegetal Cover—fair to good; about 50 percent of the
drainage area in good grassland, woodland, or equiva-
lent cover; not more than 50 percent of the area in

. clean, cultivated crops.ll
2) 2,200 tons/sq. mile -
¢ ; (2) 10 sereifig. mile 3.5 tons/acre/year.
. ) (3) 452" acres x 3.5 tons/acre = 1,582 tons of sediment which is
the direct, indirect, and induced effect of the strip mining
of coal. .
Dairy .002359 6,072,000 14,324 .26/qt.C 55,092 qts. An average dairy cow produces 10,000 1bs. of milk annually 12
? J )
Products (7) and milk weichs §.6 1bs/gal.l3 .. —*——108020 =1,160 gals/yr.
,092 gts. _ = . 13,773 _ .
35 03 3. - 13,773 gals., . . l%*i%% = 11.9 dairy cows would
B
be required for the milk production; an average dairy cow weighs
1,700 1bs.14, 1", 11.9 x 1,700 = 20,230 1bs.
Poultry & , .000222 6,072,000 2563 .l’i;lb 'CC 1,506 1bs. An average hen lays 200 eggs annually,ls a chicken weighg 3.5
Poultry . 1,092 .33/doz. 3,309 doz. 115,16 3 309 doz = - + 39,708 _
Products (8) 1,348 s. ,309 doz. x 12 = 39,708 eggs, . . 200 = 198.5

chickens would be required for the egg production. To convert
the number of chickens to pounds of chicken: 198.5 x 3.5 lbs, =
848, ——569‘;' = 139 units.

A. 452 acres was the total amount of acreage required to produce the

B. For detailed calculation, refer to Table A-2
C. For detailed calculation, refer to Table A-3

( Column 6 ) ., and is the sum of Column 8.

-y
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TTABLE A-L (Cont'd)

Direct,
. Indirect, i Total Punchases
Tndustry and  Induced Co- Average _ and
Code firom efficient ©oall  otal Purchases Wholesale Gonsumer Effects
Tnput-Output  per $ [Final Endustry .and Consumer Price per in units «of
Matrix Demand Output $ BIffects, in $'s Wnit $ product

(Poultry & Poultry Products, cont'd.)

- Cattle (9) 005439 16,072,000 + 33,026
¥ 4
Hogs (10) .001221 6,072,000 7,414 .13/1b.
{
Crude 0il & .017475 6,072,000 106,108 2.97/brl.

Natural Cas (13)

.22/1p.B 130,118 Ibs.

$7,031 1bs.

‘Simoe waste measuremonts are per 5 Lbs, M'(TPCEX’ 301 wnart's.
2

Also, 18,694 Ibs. from Kansas Sector 21 03,694 1bs. = 5 739,

bo
The total muiber of chickens required would be 139 for -egg layi. .
+ 301 for poultry processing + 2,739 from Sector 21 = 3,179.

The wastes from cattle, hogs, and chickens are as follows:

Pollutional Characteristics of Untreated Animal wastesi?

Animal Solids BOD Nitrogen Phosphorus
Animal Weicht 1bs/day 1bs/day 1bs/day 1bs/ dav
Cattle 1,000 10.0 1.0 0.3 0.1
Dairy Cew 1,000 10.0 1.2 0.4 0.1
Swine 10 . 0.9 0,25 .00 0.02
Poultry 5 0.06 0.015 0.003 0.0C3

Kansas production resulting from the coal industry in numbers of
animals arc:

Number
of Solids BOD Nitrogen Phosphorus
Animal  Animals 1bs/day lbs/day lbs/day 1bs/day
Cattle 159 1,590 159 46 16
Dairy Cows 20 200 24 8 2
Swine 570 513 142 34 1
Poultry 3,179 _ 191 a8 10 10
. 2,494 373 100 39
Total Wastes Annually (x'365): 910,310 136,145 36,500 14,235

35,727 brls. Pollution characteristics not available.

motal Purchases and Consumer Effects
For detailed calculation, refer to Table A-3
C. Cattle 150,118 1bs.

Sheep __L;So%l_ba
159,015/1000 = 159.

Lol

89



Direct,, TTABLE M-l (Tonttd)

Indirect, Total RPurdhases
Industry and Induced Co- Wvernewe and )
Code from et'ficient (Coall Total Purdhases Wholesale ‘Consumer £ffects ’
Input-Output Per $ Final OIndustry .-and Consumer IPrice jper ‘in univs of

Matrix Demand  Output $ EPfects, i&n $'s  Unit $ proauct

Nonmetallic .000625 16,072,000 8,795 1.56/ton 2,402 ons Pollution haracteristics not avwilable.,
Minerall

Mining ((15)

uther Mining (16)

1,310,00018

A

SEDTMENT YTHLD

) 1., 310,000
Yield of 2,656 mons/acre = &, 510,000

2,061

= 493 acres.

‘Based on 'the folllowing assunptions the sedimont ryield would

'be Wrkansas-Whi'tc=Red:
yield. 18

S, 210 'tons/sq. mile estimated

Assumptions—use 'high ydeld (watershed characteristics)

(1) Relict—hilly average slopes 10-307.

(2) Soil Infiltration—no offective soil cover, -either

rock
capacity.

or thin soil mantle of negligible infiltration

(3) vereral Cover—no offective plant cover; bare or wery

Sparse cover.

To -convert ‘tons of sedument/sq. mile' into cubic feet of

‘s0il:
(1) 2.210 tons/sq. mi'lle
) 1 .0
u-to dCl\.b7bq nulieev

1(2;}

= 25,600 lbs.cf sediment vield/acre/yr.

C(3) \vx.l"h?' Lf cubic foot of soill, clay—earth type =

Py, 22

..JJSbO 1bs of sediment yield/acre/yr..
110 ‘1bs/cu. fr. of clay scil

12.53 tons of sediment yield/acre/yr. x 2,000 lbs/‘wn‘l

110 Ybs/

~ 233 cu. ftr. of
yleld/acre/vr

= 12.43 ton of scdiment yield/aovds

mhricknlss of Coal Seam x sq.

ooal = 24.6 cubic ft.25 .

. 32262‘5 = 2661 ttons of coal/acre.

ft.. in ‘an .acre = .oubic &‘ecvc of coal per acre; 1. 523 43, 64524

sq. ft.

= 65,467.5 cu. ft., and 1 ton of

A ove
X .
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TAELE A (Cont'd)

Other Mining (cont'd.)

. 493 acres x 12.83 ton/acre sediment yield =
6,325 tons of sediment yield x 2,000 lbs = 12,650,000 1bs.'

The diesel transportation used in transporting the coal from the
mining site to the tipple would not appear in the Motor Freight
sector because this sector is representative of public transporta=
tion. Therefore, this amount is figured in addition and is presen=
ted below.

AIR EMISSIONS FROM DIESEL ENGINES USED IN MINING PROCESS.26

Diesel engines used in transporting coal:

(a) carton monoxide 1.7 - 9.7) . ‘
hydrocarbon .5 - 7.1) OCrams/Brake Horsepower Howr (BHP)
nitrogen oxides 3.9 - 21.0) N

(b) at city cycle which represents a load factor of 32% of the
truck's maximum carrying capacity. :

Assumptions ;
(1) Use the maximum figurc for the city cycle because:
a. short haulage trips; inplying frequent starts and stops.
b. majority of hauling will be off of public roads; implying
poor traction.

(2) BHP implies output hp so, the horsepower figure from the diesel
company would be the correct variable to use.

Truck.No. Tonnage Capacity Flywheel H = (BHP)%7

769B 35 tons 415
713 | 50 tons 600
779 ' 85 tons 960

Assumptions:

()
(2)

(3)

(4)

(s)

(6)

1,310,000 tons of coal were mined.

Using a 50-ton truck this would require 1,31C. 00 _
26,200 trips. 3¢
Trips are 15 minutes in length,28 .°. 4 an hour could

. 2 200 i
be made . . -"—G—Jjﬁxfiﬁ = 6,550 hours driven.
Emissions from dicsel engine: ’
9.7 grams C{P/hr. carbon menoxide.
7.1 zrams BHP/hr. hydrocarbons
21.0 grams BHP/hr. nitrogen oxides

6CO0 h.p. x 6,550 hrs. driven = 3,930,000 BHP hours.

9.7 grams x 3,930,000 = 39,121,000 grams carbon monoxide
7.1 grams x 3,930,000 = 27,903,000 erams hydrocarbon

21.0 grams x 3,930,000 = 82,530,000 grams nitrogen oxide
454 gr. =1 1b.29 .°. 53,967 1bs.carbon monoxide
61,460 1bs. hydrocarbons
181,784 1bs.nitrogen oxide.

|
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TABLZ A-l (Cont'd)

Direct, .
- Indirect, Total Purchases [
Industry and Induced Co- A Average and
Code from ¢ efficient Coal Total Purchases Wholesale Consumer Effects
Input-Output Per $ Final Industry and Consumer Price per in units of
Matrix Demand Output § Effects, in $'s' Unit $ product
Meat .007667 6,072,000 43,295 Cattf{e‘\ .35;11:.3 120,264 lbs.  Ae WATER QUALITY
Products (21) 931 Hogs* .37/1b. 2,516 1bs. _ .
2,328 Chickens® .17/1b.B 13,694 1lbs. ° MEAT PRODUCTS
. BOD Suspended  Nitrogen Grease
Animal (Lb) “Selids (1b) (1b) (1bv)
Wasteload Cattle 28.5 25.3 3.17 2.01
per ton . Hogs 31. 20.9 315 3.29
processcd3° D83 5 B4
Total Wasteload scnerated
. 120.204 1bs.
by 60 tons (“5350 1bs.) Cattle 1,710.0  1,518.0 190.00 121.00
of cattle processed and jogs 3.4 20.9 315 3.29
o . 2 1 ton (Z)530 1bs.) ef hoes po g, To7a1.4  1,535.9 193.15 124.29
. ) processed.
L
B, AIR QUALITY

Dairy
Products (22)

.004184 6,072,000 22,103 Milkd

1,270 Ice Cream® 1.77/galB
2,032 Condensed 8.20/case

MilkA

85,011 qgts.or
21,253 cal. A.
717 gal.
24S cases

.26/qtP

The major consideration would be odor which is an
aesthetic value which cannot be quantified.

WATER QUALITY

DAIRY PRODUCTS

—_— of 4g3l Soap &
25,402 N M BOD Chemical Wastewater
J (1bs) BOD (lbs.) (gal.)
‘ Wasteload Fluid Milk (1lbs) .0010  .0001 6.5
per u.uit32 Ice Cream (gal) .0032  .0003 6.0
Processed”“ Condensed Milk (1bs) .0046  .0005 3.5

a. For detailed calculation, refer to Table A-2,
B. For detailed calculation, refer to Table a-3.
C. Summed with wasteload generated in Sector 8, Poultry & Poultry Products.
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TABLE A-1 (Cont'd) -

Direct, .
: Indirect, Total Purchases i
Industry and Induced Co- - Average and [
Code from efficient Coal Total Purchases Wholesale Consumer Effects
* Input-Output _per $ Final Industry and Consumer ' Price per in units of
Matrix Demand Output § Effects, in $'s Unit $ product
Dairy Products (cont'd.) To convert 21,253 gal. of fluid milk to pounds, miltiply by
8.614 1bs.33, or 183,073 1bs.
To convert 248 cases of condensed milk to pounds, there are
48 cans/case,34 and they contain 14.5 oz. of condensed milk/
- can34, Therefore, 245 cases x 48 cans = 11,904 cans-hand 5 T
11,904 cans x 14.5 oz. = 172,608 oz. or 10,755 lbs (= 6002_ 3)
' 4 Soap &
BOD  Chemical Wastewater
(1bs) BOD (1bs) (ral)
Total wasteload genera- pyy;q 1y 1£3.0  16.3  1,189,974.5 -
. ted by 183,073 1bs. of  1co'Crean 2.4 .2 "5,752.0
‘ : ' Tluid “‘m‘:mﬁog?éé °f  Condensed Milk _49.6 _5.4 37,756.0
' ce cream 4 .
1bs. of condensed milk. Totals: 235.0 23.9 1,233,484.5
& " .
B. AIR QUALITY
. s 5 8
The major consideration would be oder, which is an
aesthetic value which cannot be quantified,
Crain Mill »001247 6,072,000 7,572 «06/1b. 124,530 1bs. A. AIR QUALITY
Products (23) or GRAIN MILL PRODUCTS
62.3 tons

‘thteload per
ton processed,3
Total Wasteload
] generated by 49.8
\ ' . 62.3 tons.

B.

Partic-  Hydro- Nitrogen Sulfur
wlates Carbons Organics Oxides Oxides
(1bs) (1bs) (1bs) (1bs) (1bs)

. 8 3.0 3.6 5.0 1.4

186.9 224.3 311.5 87.2

WATER QUALITY

no data referring to water quality changes.
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TABLE #-1 (Cont'd)

Direct, ;
Indirect, , Total Purchases -
Industry and Induced Co- Average and
Code from efficient Coal Total Purchases Wholesale (Consumer Effects
. Input-QCutput per $ Final Industry and Consumer Price per irn units of
Matrix Demand Output $ Effects, in $'s Unit § precduct
Qther Food .005199 6,072,000 31,568 . i.65/doz. 19,132 doz. A. WATER QUALITY
and Kindred cans’ cans or S
2 OTHER FOOD & KINDRED PRCDUCTS
S 797 casesB
Products (24) Plaat Suspended Total
BOD Solids Dissolved Wastewater
" 1bs) (1bs) Solids (1bs) Vol Mol
Wasteload per
dasé produced. S 7 .8 .75 000075
. . Total wasteload
. ; generated by 557.9 637.6 597.75 .059
797 cases.
& : :

B. AIR QUALITY

. No data referring to air quality changes. |

Paper b 004660 6,072,000 28,29% .20/1b.A 141,400 1bs. A, WATER QUALITY

AMlied or 70.7 tons

PA\PER & ALLIED PRODUCTS
Products (26)

Suspended  Dissolved

S iaz.Solidsiis  DODncslWastewater

Wasteload per
ton of finished 120 550 135 40,000 gal.
product. 38
Total wasteload . 3 .

o senerated by §,464.0  38,885.0  9,544.5 2,826,000.0

" 70.7 tons.
.

A. For detailed calculation, refer to Table A-3.

B. Assuming 24 #303 cans = 1 case of vegetables and
24 #202 cans = 1 case of fruit.3®
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TABLE A-1 (Cont'd)

.026066 6,072,000
Coal .
Products (31)

Wasteload per

barrel produced4l

Total wasteload
generated by
31,293 bbl.

A Direct,
Indirect, Total Purchases ‘
Industry and Induced Co- Average an |
Code from efficient ¢+ Coal Total Purchases Wholesale Consumer Effects
Input-Output per $ Final Industry and Consumer Price per in units of - -
Matrix Demand Output $ Effects, in $'s ‘Unit $ product
(” Industrial 000538 6,072,000 3,267 1,606.86/ 2 tons O\ A. AIR QUALITY .
| Chemicals (28) ton?
'g Agricultural .000282 6,072,000 - 1,712 52.38/t0nA 33 tons
)\ Chemicals (29) . )
/ 341,946 1bs. INDUSTRIAL, ACRICULTURAL, & OTHER CHEMICALS
Other .007321 6,072,000 © 44,453 Ay s , > 2 _
. Ciemicals (30) Particulate Saturated Nitrogen Sulfur
N Matter Hydrocarbons Organics Oxides Oxides
TOTAL: 206 tons. - (1bs) (1bs) (1ts) (1bs) _ (1bs)
Wasteload per
" ton produced. 4.7 . 4.6 7.6 .6 .6
Total wasteload
- & , generated by 968.0 948.0 1,566.0 124.0 124.0
¢ 206 tons.
: J1y314,294 gal. or
Petroleum & 158,273 12/gal.” 31,203 bbl.B A, WATER QUALITY

PETROLEUM & CQAL PRODUCTS

. Pheno Sulfide
! poOD (1bs) zlbs} (1bs) Wastewater
1 .001 .0003 100 gal.
3,129.3 31.3 9.4 3,129,300

A. For detailed calculation, refer to Table A-3.
B. 42 gal. of oil = 1 bbl.39
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TABLE A-1 (Cont'd)

K Direct,
Indirect, : Total Purchases
Industry and Induced Co- : 4 Average and
Code from efficient Coal Total Purchases Wholesale Consumer Effects
Input-Output per $ Final Industry and Consumer Price per in units of
Matrix Demand Output $§ Effects, in $'s Unit § product R .

. Petroleum & Coal Products (cont'd.)

&

Cement &
Concrete (33)

.001131 6,072,000 6,867

- P

“ o A

ATR QUALITY

PETROLEUM & COAL PRODUCTS

Total Wasteload
Wasteload per Barrel Generated by
Produced42 31,293 bbl,

Hydrocarbons (1bs.) 2.0 62,586

Nitrogen Oxides (1lbs.) .08 2,503

. Sulfur Dioxide (1lbs.) 2.9 90,750

Sulfur Trioxide (1lbs.) > .06 1,878

Carbon Monoxide (1bs.) 4.4 137,689

Particulate Matter (1lbs.) .28 8,762

Ammonia (1lbs.) < .02 626

_ Aldehydes (1bs.) <.02 626

Organic Acids (1lbs.) < .02 626

Aeroscls (1bs.) < .02 626

3.34/bb1. 2,056 bbls. A, AIR QUALITY
CiMENT & CONCRETE )

Alde- Sulfur
Dust hydes  Nitrogen Acids _ Qrpanig Oxides Solids
:;if‘;izgeggzd43 28.00  .1320  .5260  1.98 1.32 4.62 13.2

Total wasteload

generated by 57,568.00 271.00 1,085.00 4,071.00 2,714.00 9,493.00 27,139.00

2,056 bbl.

G/



TABLE A-1 (Cont'd)

Direct, .
Indirect, Total Purchases
Industry and Induced Co- Average and
Code from efficient Coal Total Purchases Wholesale Consumer Effects {
Input-Output per $ Final Industry and Consumer Price per  in units of .
Matrix Demand Output $§ Effects, in $'s Unit $ product
Other Stone .002786 6,072,000 16,917  5.43/50 sq. ft. g;%;sgozs- tt.
& Clay (34) A. AIR QUALITY
OTHER STONE & CLAY—GLASS
Particulate Sulfur
Matter Oxides |
Wasteload per
AN . ' ' ton processed*® ak .8
- ' Total wasteload
generated by 234 4,914 859.2
tons.

\

Primary Metals  .004237 6,072,000 25,727 . 46.02/gr 1:0!1A 559 gr. tons A. WATER QUALITY )

(35) . or 773 ingot PROMARY METALS
- ' > S tons.C -

. . / : Total Wastcload

Wasteload per Inzot Generated by
. Ton Processedd? 733 Ingot Tons

! Suspended Selids (1lbs) 125.00 91,625.00

Ferric Sulfate (1lbs) 2.72 A 1,993.76

Lube 0ils (1lbs) 3.54 2,594.82

Sulfuric Acid (1lbs) 13.2 9,675.60

Soluble Metals (1lbs) .079 57.91

Phenols (1lbs) .064 46.91

Cvanides (1bs) .028 20.52

Fluorides (1bs) .03l 22.72

Ammonia (1lbs) .076 57.17

Emissions (1lbs) .414 303.46

A. For detailed calculation, refer to Table

. -, B. To convert 3,115-50 sq. ft. to tons, first change to number of square feet or 155,750 sq. ft., then multiply by 3 1lbs. “‘which equals
. 467,250 1bs. or 234 tons.

C. To convert gross tons to ingot tons, multiply by 1. 1.
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TABLE A=l (Cont'd)

Direct,
Indirect, Total Purchases
Industry and Induced Co- Average and ~
Code from efficient Coal Total Purchases Wholesale Consumer Effects
Input-Output per $ Final Industry  and Consumer  Price per in units of
Matrix Demand Output $ Effects, in $'s  Unit § product R
Motor .006219 6,072,000 37,762 .37 mi. driven®® 102,059 102,059 mi. <+ 51.8 mph%® = 1,970 hrs.
Freight (49) « miles Truck with 600 BHP x.1,970 hrs. = 1,182,000 BHP
Crams/ 51 Total Wasteload
Air Pollutant BHP-Hour Generated by 1,182,000 BHP
Carbon Monoxide: 5.7 = 6,737,400 grams or 14,540 lbs.
Hydrocarbons: 3.8 = 4,491,600 grams or 9,893 lbs.
Nitrogen Oxides: 12.4 = 14,655,800 grams or 32,254 lbs.
Electric, Gas  .050661 9,712,00049 492,020 NA .
& Sanitary ESTIMATED AIR CONTAMINANT EMISSIONS FROM FUELSS2
Service (5%) Nitrogen Sulfur
« 2 Sources Aldehydes Oxides Acids Organics Solids Ammonia Jxides
. Coal lb/ton 2.0 8.0 30.0 20.0 200.0 2.0 60.C
Wasreload  0il 1b/1000 gal. 8.6 93.0  108.0  36.0 1.8 ‘7.2 250
5‘;1 used Gas 1b/100 CF 46.0 321.0 57.0 69.0 NA 21.0 6.9
*  Diesel 1b/1000 gal. 17.0 166.0 34.0 180.0  116.0 N 116.053

Total Fuel Input for
the Electric Indu;try“

Percentage of
Total Fuel
Inputs to Gene-
rate (ToCE)A Amounts of Fuel
Inputs Required

Coal: 356,568 tons x .002 = 71L tons
0il: 17,078 1000 gal. x .002 = 34 1000 gal.
Gas: 2,083,275,300 100 CF x .002 = 4,166,551 100 CF
Diesel: 4,907 1000 gal. x .002 = 10 1000 gal.

A. Total Purchases and Consumer Effects,

LL



TABLE A-1 (Cont'd)

Electric, Gas & Sanitary Service (cont'd.)

Total 1bs.
Coal 0il Cas Diescl Total
_ Aldehydes 1,428 292 191,661,346 170 191,663,236
::zglbzagiilizﬁsgg?ezoal Nitrogen Oxides 5,712 -3,162 1,337,462,871 1,660 1,337,473,405
341,000 zal. of oil,  Acids 21,420 3,672 237,493,407 340 237,518,639
5y 5515106 CF of sas, Orsanics 14,250 1,224 287,492,019 1,600 287,509,323
i 1001,000 gal. of oij Solids 142,800 61 NA 1,160 144,021
e 2 gas Ammonia . 1,428 245 87,497,571 XA 87,499,244 i
used. Sulfur Oxides 42,840 17,310 28,749,202 1,160 28,800,512
THERMAL POLLUTION ~
Assumtions Calculations
1, 1 BTV raises 1 1b. of water 1° F.55 1. $207,957,000 (1970 electrical output) . 20,1%0,000,000
2. 80 L!ﬂli water iequ;red/l\wﬁ T : 0103 (industrial average price) KwH produced.
3. 1970 electrical industry output is ,957, . A
; ga L An itput o8 2. 20,190,000,000 KWH x .002 = 40,350,000 KWH (Total Purchzses
;' igzgulidgsiiéaér:" ggage price is $.0103/KVH. an¢ Censumer Sf7ects)reculiing from ccal mining § outpute
6. 1 gal. water = 8.34 1b.60 3. 80 gal. water/KWH x 40,380,000 KWH = 3,230,400,000 zal.
7. To*al Purctases & Consumer Effects resulting frem O Waters
each ccal mining § output represented the total 4. 8.34 1b/gal. water x 3,230,400,000 gal. = 26,941,536,000
M f P .
electrical industry output. 1b. water required.
5., The heat to be dissipated is:

40,330,000 KWH x 3,410 BTU/KWH = 137,695,800,000 BTU,
which would raise 137,695,800,000 1bs. of water 1° F.,
but the heat will be absorbed in 26,941,536,000 1bs.
of water, or 1/5 as much, so the rise in temperature
will be 5° F.D

A. Refer to Chapter 3 for detailed calculations.

» Represents a conservative average, according to the Water Resource

that fossil-fueled electric power plants raise the water temperature 15° F.61

\

Council, who estimate
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TABLE A-1 (Cont'd) |
Direct,
: Indirect, Total Purchases
Industry and Induced Co- Average and
Code from efficient Coal Total Purchases Wholesale Consmer Effects
Input-Qutput per $ Final Industry and Consumer Price per in
Matrix Demand Output $ Effects, in §'s Unit $ roduct
Households .355077 6,072,000 2,156,028 2,639/capita 617 persons A. WATER QUALITY
income62 1. HOUSEKOLD WASTES
Mineral Organic Total
State of Solids  (erams) (erams) (erans) poD
Suspended 25 65 0 42
wasteload per (a) scttable - (14) (39) (3% (19
capita per day (bt) non-settable 10 20 36 23)
Dissclved SQ €0 160 12
. <~ Total 105 145 250 54
Suspended 16,4253 42,705 59, 130 27,594
& 2 Total wasteload gener- (a) scttable (0 -%=‘) (25 (:23) (33 447 2,453
ated by 817 persons in (b) non-settable ‘6,5707 ‘17,0827 ‘23 6~2) 35, lll)
% " pounds per year, multi- Dissolved 2 560 5:,560 10,,1&0 :,::J
plier used was 657.% 65,085 95,205 164,250 35,478
2. GARBAGE—SOLID WASTES LBS/DAYS?
Urban Rural
Households and Commercial: 4.01 3.3
65 Urban Rural
‘Population breakdown in 1960: 69.97 30.1%
E17 X .699:= 571 and €17 x .30 = 246
! [ lbs/day day/yr total lbs.
! Total wasteload gener- Urban 571 x 4.01 x 365 = 535,744.15
ated by 617 persons in Rural 246 x 3.30 x 365 = 29%,307.00
pounds per year. : 1,132.051.15
A. 17 sons_x 365 days

454 grams

657, this number was used to convert the grams/day to pounds/year.

6/



TABLE A-1 (Cont'd)

Households (cont'd.)

3. AUTOMOBILE EMISSIONS

Kansas tars and taxicabs 1,013,70C66

Population ~2.227 17667 = 45 cars/person.
€17 persons x .45 cars/person = 367.65 cars.
Automcbile Emissions®f

Type of Lbs/Car nNe. of Total
: Emisaion Day Cars Davs/Yr Lbts/Yr
Carbon Monoxide 4.16€ x” 367.65 x 365 = 558,240
Nitrogen Oxides .202 x 3067.65 x 365 = 27,107
Hydrocarbons »363 x 307.65 x 365 = 45,712
634,069

08
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TABLE A-2
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PERCENTAGE DISTRIBUTION OF TOTAL INDUSTRY OUTPUTA

Component . Percentage.
Industry Total Distribution
~ Component Output in Component Component (Col.5/Col.3
Sector Industries Dollars Classification Output Total)
Other Vegetables 663,000 Gralns
Agricultural Sweet Potatoes 794,000 " .
Products (11) Dry edible beans ° 825,000 " o
© Strawberries 111,000 "
Peaches 432,000 v
Apples 529,000. "
Lespedeza seed 232,000 "
Red clover seed 337,000 "
Sweet clover seed 91,000 "
Alfalfa seed 2,024,000 "
Sugar beets 3,588,000 "
Honey 570,000 " -
Beeswax 29,000 " 10,225,000 .53
‘Wool, 1,471,000 Wool 1,471,000 .07
Sheep 7,711,000 Sheep 7,711,000 .40
Total Sector Output: 19,407,000 ' 1.00°
Pultry & Chickens 1,765,000 Poultry ' :
Poultry Turkeys 2,560,000 Poultry 4,325,000 .19
Products (8) -
Eggs . 18,466,000 Eggs 18,455,000 .81
Total Sector Output: 22,791,000 1.00
Meat Meat- packing
Products (21) plants 584,893,000 Cattle 548,893,000 .93
Sausages 10,565,000 Hogs 10,565,000 .02
Poultry 31,180,000 Chickens 31,180,000 .05
Total Sector Output: 590,638,000 1.00

1

M. Jarvin Emerson with Leonard D. Atencio, Phillip D. Brooks, and J. David Reed,

The Interindustry Structure of the Kansas Economy (Manhattan, Kansas:

Department

of Economic Development, 1969)

214, B 55

» P- 55.

ATotal Sector Outputs were distributed among component industries, whenever the
quantity of wasteload generated by productlon of the product varied significantly

among the products produced.
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TABLE A-2 (Cont'd)

Component Percentage
. Industry Total Distribution
Component Output in Component Component (Col. 5/Col. 3
Sector Industries Dollars Classification Output Total)
Dairy ' Condensed &
Products (22) evaporated milk 8,486,000 Condensed milk 8,486,000 - .08
Ice cream &
frozen desserts 5,695,000 Ice cream 5,695,000 .05
Fluid Milk 98,530,000 Milk 98,530,000 87
Total Sector Output: 112,711,000 ) 1.00




(M)

)

TABLE' A-3

COMPUTATION OF AVERAGE PRIGESA

(s

Calculation |  Average Price
Industry and Code? Product? Dollar Dollar Other Comments
Amount Unit i Amount Unit
Sorghum (2) 1.76 100 1bs.  .9353  bu. 1 bu. sorghum = 56 1b.*
Other Grains (4) Oats 711 bu.
Barley 1.130 bu.
Rye 1.184 bu.
3.025/3 1.008 bu. or $1.01 per bushel.
Hay (6) - Alfalfa 24.500 ton
Timothy 28.000 ton :
52.500/2 + 26,250 ton
Other Agricultural Sweet potatoes - 10.050 100 1bs.
Products (11) Sweet potatoes, Chicago 9.750 100 1bs.
Beans, dried 8.750 100 1bs.
Clover seed 29.667 100 1bs.
Cabbage 4.250 100 1bs.
Carrots 7.236 100 1bs.
Onions 4.318 100 1bs.
Potatoes 6.375 100 1bs.
10.050 100 1lbs. of grain

80.39678

1. U.S. Department of Labor, Wholesale Prices and Price Indexes, Jansas and February, 1965 (Washington, D.C.:
U.S. Government Printing Office, 1965), pp. 6-21, unless otherwise indicated.

2. M. Jarvin Emerson, with Leonard D. Atencio, Phillip D. Brooks, and J. David Reed, The Interindustry Structure
Department of Economic Development, 1969), pp. 54-66.

of the Kansas Economy (Manhattan, Kansas:

4., U.S. Department of Agriculture, Yearbook of Agriculture, 1935 (Washington, D.C.:

Luman H. Long, ed., 1971 World Almanac (New York:

Office, 1935), p. 348.

A. Indirect Assumption:

Newspaper Enterprise Association, Inc., 1971), p. 131.

U.S. Government Printing &

Total Sector Output is divided equally among representative products.

SOURCE: U.S. Department of Labor, Wholesale Prices & Indexes for Commodity Groups, Subgroups, Product Classes &

Individual Items (Washington, D.C.:

U.S. Government Printing Office, 1965), pp. 6-21; unless otherwise indicated
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TABLE A-3 (Cont'd)

Calculation Average Price
Industry and Code Product Dollar Dollar Other Comments
Amount - Unit Amount Unit
Other Agricultural Good French Combing
Products, Cont'd. & Staple 1.325 1b.
Short French Combing \
& Staple . 1.175 1b.
Good French Combdn, o '
& Staple 1.295 1b.
Average French Combing *
& Staple : 1.125 ~ db.
Good French Combing ,
& Staple 1.275 1b.
_Good French Combing
- & Staple ‘ 1.175 1b. '
: 7.370/6 ¢ 1,228 1b. or $122.833 per 100 1b.
Dairy Products (7) Milk, Chicago .265 qt.
Milk, San Francisco .235 qt.
Milk, Washington, D.C. .290 qt.
Milk, Dallas 260 ‘gt
1.050/4 2628 gt or $.26 per qt.
Poultry & Poultry A. Chickens & Turkeys
Products (8) Broilers & Fryers, »
: Arkansas-Missouri « 131 1b.
Broilers & Fryers,
North Georgia .130 1b.
Turkeys, Fryers .220 1b.
Turkeys, Toms .210 1b.
691/4 1727  1b. sor $.17 per 1b.
B. Eges o
Large, New England .343 doz.
Extra large, Chicago 273 doz.
Fancy Heavy Weights, Ny .320 " doz. &
Grade A Large, - ’ \0
San I'rancisco .400 doz.
"i733672 «334 doz. or $.33 per doz.
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TABLE A-3 (Cont'd.)

* Calculation Average Price
Industry and Code Product " Dollar Dollar Other Comments
Amount Unit Amount Unit
Cattle (9) Steers, Prime 25.375 100 1bs.
Steers, Choice 23.8%5 100 1bs.
Steers, Good 2. 750 100 1bs.
Steers, Standard 18.875 100 1bs.
89.87524 ' 22.468 100 1bs. or $.22 per 1lb.
Meat Products (21) Beef, Prime A 41.250 100 1bs.
' Beef, Choice : 40.429 100 1bs.
Beef, Utility 26.050 100 1bs.
Beef, Standard 33.000 100 1bs.
Beef, Good 38.643 100 1bs. 4 '
v 179.372/5 35.874 100 1bs. or $.36 per 1b.
Bacon 49.500 100 1bs.
Fatback - 11.300 100 1bs.
Ham, Smoked 48.300 100 1bs.
Picnics, Smoked 28.600 100 1bs.
Pork Loins, Fresh 47.000 100 1bs.
: 184.700/5 36.940 100 1lbs., or $.37 per 1b.
Dairy Products (22) A. Milk .2625 qt. - previously calculated
B. Ice.Cream, bulk’ 1.864 gal.
Ice Cream in 3 gal. 1.671 gal.
3.535/2 o 1.767 gal. or $1.77 per gal.
Other Food & Kindred Applesauce 1.387 doz. cans
Products Peaches 2.399 doz. cans
Beans 1.710 doz. cans
Soup 1.120 doz. cans ’
-—E:€i€7z 1.654 doz. cans or $1.65 per doz. cans
Paper & Allied Book Paper, A Grade 16.770 100 1bs.
Products (26) Book Paper, #2 Plain Offset 17.967 100 1bs.
Wood Bond 17.614 100 1bs. 4
Writing Paper 27.685 100 1bs. °
780.036/4 20.009 100 1bs. or $20.0l per 100 1bs.

or $.20 per 1b.
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TABLE A-3 (Cont'd.)

Calculation Average Price
Industry and Code Product Dollar Dollar Other Comments
Amount Unit Amount Unit
Industrial A A. Organic Chemicals .
Chemicals (28)% . High-Dye, Red 6,200.00 ton
- 42.00 ton

Agricultural
Chemicals (29)

Low-Coal, tar pitch

B. Inorganic Chemicals :

High-calcium Carbide
Low=calcium Oxide

2

Ammonia, Anhydrous

Ammonium Nitrate

Ammonium Sulfate

Nitrogen Solutions

Sodium Nitrate

Urea

Nitrogeneous process
tankage

Phosphate Rock

Supcrphosphate S

Supcrphosphate, Tripl

Muriate, domestic

Sulfate

6,158,0072 =
3,079.00 + 42.00 =
3,121.00 per ton

171.400 ton
= 14.063

157.337;2 =

78.668 + 14.063 =

92.731 ton -
3,213.73172

1,606.865 ton or
$1,606.86 per ton

92.00 ton
70.00 ton
32.00 ton
130.00 ton
48.00 ton
96.00 ton
27.60 ton
7.38 ton
18.60 ton
45.00 ton
24.00 ton
38.00 ton
628.58/12

52.382  ton

or $52.38 per ton.

A. Due to lack of price information and a list of chemic
median of the range of those prices of industrial

als produced in Kansas, the best price estimate was the
chemicals available.

16
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TABLEA-3(Cont 'd)
) | Calculation | Average Price
Industry and Code Product l Dollar { l Dollar l Other Comments
Amount Unit Amount Unit
Other Chemicals (30) Dynamites
Ammonia Gelatine 23.20 100 1bs.
Ammonium Nitrate ' 3,50 100 1bs.
26.70/2 13.35 100 1bs. or $.13 per 1b.
Petroleum & Coal Gasoline, Tulsa 91—92)
Products (31) Octane Regular ) .1130 gal.
» Light Distillate, :
Tulsa, Kerosene .1040 gal.
Middle Distillate, Tulsa #2 .0900 gal.
Residual Fuels, Tulsa #6,
Ordinary ‘ .0428 gal.
Lubricating 0il Materials,
Neutral, Tulsa .2400 gal.
~.5898/5 . .118 gal. or $.12 per gal.
Primary Metals (35) Iron Ore, Mesabi, _ ,
: ‘ Bessemer : -10.700 gross ton .
Iron Ore, Non-Bessemer 10.550 gross ton -
Iron Ore, Brazilian 10.400 gross ton
Steel #1, Heavy Melting 36.614 gross ton
Steel #2, Heavy Melting 30.563 gross ton
Steel Scrap #2, Bundle 23.602 gross ton
Steel, Melting, R.R. #1 41.810 gross ton
Steel Scrap #1, Bundles 39.310 gross ton
ﬂ Steel, Stainless, Bundles 210.665 gross ton -
Nt 414.214/9 46.024 gross ton or $46.02 per gross ton
e ) Ly

[49)




TABLE A-4

REPRESENTATIVE AVERAGE CROP YIELDS

93

Representative Yield
in Bushels/Acre

Representative Average Yields in (Col. 3 Total/the
Industry Crops Bushels/Acre . number of crops, 3)
Other Grains (4) Oats '50.2
Barley - 37.81
Rye - 226
- 110.6/3 36.9 or 37
Representative Yield
in cwt/Acre
. Representative Average Yields in (Col. 3 Total/the
Industry . Crops Cwt?/Acre number of crops, 5)
Other Potatoes 210.02
Agricultural Cabbage 201.0
Products (11) Beans, dry edible 11.12
Carrots . 220.05
"Onions 289.0
931.1/5 186.2 or 186

IReader's Digest Association, Reader's Digest, Almanac and Yearbook, 1971

(Pleasantville: Reader's Digest Association, Inc., 1971), p. 175.

2U.S. Department of Agriculture, Aericultural Statistics, 1970 (Washington, D.C.:

Government Printing Office, 1971), p. 166.

3Ibid., Asricultural Statistics, 1970, p. 284.

4Ibid., Agricultural Statistics, 1970, p. 168.

Ibid., Agricultural Statistics, 1970, p. 180.

Acwt = Hundred weight, or 100 Ibs.
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APPENDIX B
PHILADELPHIA 496 REGION STUDY
by

Walter Isard and Thomas W. Langford

The purpose of this summary is ﬁo provide a format
for the systematic classification of ecologic commodities,
such as the diverse water pollutants and air pollutants.
It should be as detailed as the classes that now exist
for economic commodities. AAlso needed) is a systematic
classification of natural production processes. This
section demonstrates the necessary procedures to achieve
this goal, using both the petroleum refining industry and

the sport fishing from boats with outboard motors activity.

1

"BASIC TABLES NECESSARY

(1) A table of ecologic commodities--this might
be a preliminary classification scheme for water
and water pollutants as ecologic commodities.

(2) A table of ecologic inputs--this might be
an extended table of the main inputs for the
processes involved in the basic food chain that
produces both herring and cod as final products.

lWalter Isard and Thomas W. Langford, Regional Input-
Output Study: "Recollections, Reflections, and Diverse
Notes on the Philadelphia Experience" (Massachusetts:
MIT Press, 1971), pp. 18-20.
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(3) A table of ecologic processes--this might
be the processes involved in herring and cod
production, such as the photosynthesis process
in marine areas.

(4) A table of environmental regions--this
might be regions such as air and land and water,
which would include the set of relevant com-
modities and processes in the ecologic systems
studied. The Philadelphia region would then
function as a sub-region of each of these

major regions, and an integration of all sub-
systems would be the total ecologic-economi
system. :

ECOLOGICAL COMMODITIES2

Technical production coefficients for any
economic sector, for example the steel sector, must
cover as inputs not only economic commodities such
as coal, iron ore, professional services, and labor,
but also ecologic commodities, such as water (for
sanitary, production, cooling, boiler, irrigation,
and other purposes), air, and land of diverse types.
They should also cover the several outputs not only
of economic commodities such as steel by type,
slag and by-product gas, but also of ecologic com-
modities such as polluted water (from sanitary,
production, cooling, and other uses), Biological
Oxygen Demand (BOD), Ultimate Oxygen Demand (UOD),
Chemical Oxygen Demand (COD), suspended solids,
settleable solids, turbidity, alkalinity, acidity,
and temperature (BTU).

Coefficients should also be developed for the
outputs of the ecologic commodities, such as hydro-
gen sulfide, sulfur dioxide, particulates, and
other air pollutants, diverse solid wastes, noise,
and all other items of significance in terms of
environmental quality and potential disturbance to
the environment. For each sector of the economy,
it will be necessary to have complete data for
ecologic as well as economic commodities, as both
inputs and outputs.

2Ibid.' ppo 201—2040




ECOLOGICAL PROCESSES3

Once ecologic commodities are introduced into
the framework, it also becomes important to encompass
| those processes that yield these commodities as out-
puts. Such processes may use some of these commodi-

ties as inputs. For example, the ecologic process
i that replenished the oxygen supply of water depleted
i by BOD and other oxygen demands must be included.

The natural processes that remove particulates from
‘ the air, such as rain and wind movement should also

be included. These processes employ as inputs the
diverse pollutants that are generated and yield as
outputs water and air of a specified quality. The
relevant data on inputs and outputs are to be re-
corded in appropriately titled columns of an Input-
Output Table.

CONCEPTUAL FRAMEWORK4

The conceptual framework and the operational
model must be extended further. Pollutants that
are "exported" to the ecologic system at a given
location interfere with processes going on there.
For example, an increase in the turbidity of the
water decreases the depth of penetration of light
and thus reduces the phytoplankton output from
photosynthesis in the marine area. This in turn,
affects the supply of plankton, algae production,
and so on, and finally fish production. A change
in the supply of fish then affect the desirability
and profitability of recreational fishing at any
location for which that production represents a
significant resource. Since these and other feed-
back effects upon recreation and other sectors of
the economy are important, it is essential to
examine the interrelationships between pollutants
and the outputs of diverse environmental processes
to the economy. This analysis requires a full and
systematic collection of data on all the environ-
mental processes involved. Table B-1 describes the
quadrants of the conceptual framework.

31bid., pp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>