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FOREWORD

A. Purpose

In dealing with water supply storage in federal reservoirs Corps
procedures are to compare the reservoir water'costs with costs of various
alternative means of obtaining the samé quantity gf water. The quality of
the water supplied are also usuall& assumed as the same for all alternatives
or are compared in unquantified terms. In dealing with releases from réser-
waste water management alternatives such a precedure can Be inadéquate since
the costs vary with the quality of water to be achiéved. The society may
be willing to accept lower than a standard or assumed quality in light of
lower economic costs or may in fact desire higher quality. It may also be
willing to accept more water at a lesser quality or vice vérsa. New pro-
cedures are required which will accommodate a better range of choicés and
identify the absolute and relative value which society places upén the
standard. Such procedures are of interést to both the Corps and the Environ=
mental Protection Agency, particularly in light of greater ‘emphasis ‘on
effluent permits for waste water discharges.

An opportunity to research the effects of water quality standards presented
itself in an almost fortuitous manner with the availability of both the -
research talent and interest from Messrs. Dreese and Bryant and 'of detailed
financial records from a cooperating strip mine firm operating in Southeast
Ohio. Basically, the research strategy was td analyze the rational behavior

of the firm confronted by a unique competitive ‘environment and alternative
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water quality criteria. The analysis was to indicate the nature of the market,
the nature of the firm's cost schedule as affected by water quality criteria,
and the rational response of the firm. The resfonse could be to reduce outfut
or shut down, to ihcrfase-output and capture available scale economies, or to
essentially maintain production at current level. It was hoped that the
analysis would lead to conclusions about the amount the firm would be willing
to pay‘for someone else to manage their water quality for them, which is the
traditional measure of nat%onal“income.benefits! and conclusions on the com-
petitivé structure of the industry when costs are internalized to the firm
(the social costs resulting fro; the incidence of the quélity regulation).

it was ngéqgﬂized'#hat ggtensi§e<case studies would have to pe completed
libgfore thg methodology of thi; pilot study could be‘accepted as a reasonable

§

and effective method for evaluation.

B. Finaing;
lA well devqloped‘an;lysis of the competitive environment of the target

firm is presentea,'albng with costs for several levels of technology capable

of dealing with the acid pfoduced By the firms mining operations. One of the

important elements of the physical environment in which the firm operates

is the significant levels of acid pollution existing because of both historical

mining Aperation and natural geological processes. Present state law recognizes

the severify of  the existing situation by exempting several tributary areas

(including. the area worked by the target mine) from current water quality

1egiél§tion,.a1though certain Federal and State reclamation laws are applica-

1

ble to the handling of spdil and revegetation.
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i v . .1:



There are provocative conclusions regarding the water treatment alternatives.
There is available at least one level of acid water treatment techﬂology which
appears to be feasible for the target firm to adoét. The report also concludes
that some of the more complex treatment processes passees scale economies which
would preclude efficient adoption by a firm operating at the level of the .
target mine. Where there are substantial economies of scale in pollution

control measures, greater concentration of firms can be anticipated--one of

the costs of imposing environmental controls at the industry level.

C. Assessment

The report fulfills its purpose. It shows considerable merit in applica-
tion of economic theory of the firm to analysis of environmental issues. As
the report points out, firms which poséess sufficient market power to practice
price leadership can pass forward the costs of pullution control to consumers
under conditions of price inelastic demand. Under these circumstances smaller
firms could also pass some or all costs forward. Additional studies of larger
firms would be warranted in order that the competitive environment and cost
schedules facing them can be better understood.

Thé success of this type of analysis is completely dependent upon the
availability of normally confidential financial records of business firms.
It is hoped that the manner in which this case was analyzed, is indictive that
sensitive and potentially competitively harmful details can be analyzed ;nd

presented in a way which protects the best interests of cooperating firms.

D. Status
This report demonstrates a technique which may be applicable to the Corps

planner under special circumstances. As such, it is informative in nature.



The findings, conclusions and independent judgment of the team of researchers
are their own. The report is not to be construed as necessarily representing
the views of the federal government nor the Corps of Engineers. Poliéy and
procedural changes which may result from this research‘will be implemented by
directives and guidelines provided by the Chief of Engineers‘fhrough command
channels. Further research on this technique by IWR is dependent upon the
critical response to this proposed research strategy and upon the priorities
for research which reflect the relative urgency of this issue to Corps of

Engineers program concerns.
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CHAPTER I
INTRODUCTION

Purpose of the Study

The primary purpose of the study is to investigate

the possibility of using economic analysis in the study
'of water pollution control in general, and specifically
to apply economic analysis to the current and proposed
water quality program of a small, privately owned strip
mining company located in southeastern Ohio.

Water pollution control is a priority item on the
agenda of many individuals, firms and governmental
agencies. Acid drainage from coal mines, both under-
ground and surface, is an important source of poilution
in those states where coal mining is a major industry.
In the 22 states where strip mining takes place, the
problems associated with acid drainage can be severe
for localized areas. Of the coal tonnage stripped in
the United States in 1968, about 81 percent was
stripped in the states of Illinois, Indiana, Kentucky,
Ohio, Pennsylvania and West Virginia, and in these
states the pollution from acid drainage is especially

severe. In the last two states, Pennsylvania and West



Virginia, acid drainage pollution is the number one
water quality problem.l/

While theré is no lack of interest in acid mine
drainage among government, academic and industry re-
search people, there is a noticeable lack of research
interest into the economic aspects of acid mine drain-
age.g/ A review of the water pollution control litera-
ture indicates that the technical aspects of water pol-
lution control have been extensively researched, and
that while the technology of pollution control is wide-
ly known in industry and government it is simply not be-
ing utilized.é/ This appears to be true of acid mine
drainage control techniques as well.

What is implied by many researchers and specifically
stated by some, is that the costs of pollution control

should be shared by government and industry. The reason

l-/Recent: and historical documentation on strip min-
ing and its attendant acid drainage problems appear in
several governmental publications. One of the most
thorough presentations is found in "The Incidence and
Formation of Mine Drainage Pollution," Appendix C of the
Report for Development of Water Resources in Appalachia.
Ufgice of IppaIadEIan Studies, U.S. Army Corps Ol

Engineers, 1969.

gv/Davicl B. Brooks, "Strip Mine Reclamation and
Economic Analysis," Natural Resources Journal, Vol. 6,
No. 1 (January, 1966), p. 2l.

2/mhis point was emphasized by Mr. John L. Gillis,
Senior Vice President of Monsanto Co., at the Governor's
Industrial Development Conference, West Virginia Uni-
versity, June 3-4, 1970.



for this is that external costs of water pollution--
what are frequently referred to as social costs--are
hard to measure and hard to identify. Therefore, it
would not only be inequitable to require firms to ab-
sorb the total costs of water pollution which are not
measurable, but impossible since they are not identifi-
able. In effect, private costs of water pollution con-
trol should be borne by firms and external costs should
be borne by society. Supporting this position is the
economic argument that to force an individual firm to
agsorb all costs of its operations, internal and ex-
ternal, would be unfair to the firm since it would
theoretically put the firm in an unfavorable competi-
tive position and eventually out of business. This
position is frequently taken by industry spokesmen,
their associations, and others in reference to pollu-

tion control and reclamation costs.&/

E/A typical coal industry position is that ex-
pressed by James Hyslop, Vice President of Consolida-
tion Coal Company, when speaking about the economic
costs of reclamation of the so-called "final cut" in a
stripping operation:

In presenting the economics of this problenm,
we have ignored the engineering difficulties in-
volved and made the assumption that the material
to be moved into the final cut could be handled
by machinery at a nominal cost per cubic yard of
34% cents. Under this very conservative esti-
mate, the cost of doing this job would be
$12,423% per acre of coal recovered from the
total area mined and the cost per ton of coal



Although the costs of acid mine drainage control are
only a part of reclamation costs, the economic position
taken by coal stripping firms against acid drainage con-

trol is the same.

Specific Objectives

What are frequently ignored in the above arguments
are several economic¢ principles. Some of these princi-
ples are presented here. They are not meant to be ex-
haustive, but merely representative of the economics in-
volved. First, if firms are competitive, their costs
schedules should be quite similar, particularly in a
given geographic area such as the coal fields of south-

eastern Ohio, where the firm to be studied is located.

of £illing the last cut would be $2.00. When it
is remembered that coal from Ohio strip mines
sells for less than $4.00 a ton, tle economic
absurdity of the proposal is obvious.

"Some Present Day Reclamation Problems: An Industrial-
ist's Viewpoint," The Ohio Journal of Science, Vol. 64,
No. 2 (March, 1§64 y Pe .

A similar position is expressed in a more general
statement made by Professor Edward J. Cleary, consul-
tant to ORSANCO:

Industries likewise abhor tying up capital
in nonproductive waste treatment facilities;
using authority-financed facilities not only
avoids capital investment but permits an in-
dustry to charge off the rental payments as an
operating expense for tax purposes.

"Water Quality Management," Water Pollution Control Fed-
eration Journal, Vol. 42, No. 2, rart 1 (February, 1970),
p. 159.




If all producing firms practice similar acid control
programs which they likely do in fulfilling the state
law, then the costs of control should be similar for

each firm. Therefore ceteris paribus, no individual

firm would hold a competitive advantage or disadvan-
tage.

Second, the firms should be able to pass part of
the costs of acid drainage control on to customers
depending, of course, on the degree of competition
that exists. Third, what would limit the firms'
ability to pass these costs on would be not only the
degree. of competition involved but the elasticity of
demand for coal from these producers. If coal buyers
compete in localized markets, which they likely do in
this particular area, then the local demand for coal
from the local producers would presumably be somewhat
inelastic thus enabling coal firms to pass the costs
forward with little effect on total sales. Fourth,
the degree of substitutability for coal would determine
the ability of the firms to pass the costs on to cus-
tomers over time. Fifth, economies of scale of coopera-
tive control arrangements would reduce average cost of
control for individual firms.

The reason these economic arguments are frequent-
ly ignored in discussions of acid drainage control, is

that very little data are available to test their



relevance. This study was directed toward the goal of
collecting relevant data and applying economic analysis
to the problem. The study was proposed in two phases,
the first being concerned with the internal economic ef-
fects of water quality management to the firm and its
competitors; the second dealing with the external costs
and benefits that would accrue to the firm, its competi-
tors, local communities and the state from alternative
water quality programs. Therefore, the objectives of
Phase I of the study were to:

(1) Measure the quantity and quality of acid mine
drainage attributable to the current stripping operations
of the company. Data were acquired directly from infor-
mation compiled by the coal company over time and from
State and Federal agencies concerned with rainfall, run-
off, and water quality. These included the Federal and
State Geological Survey Agencies, Ohio River Valley Water
Sanitation Commission, Federal Water Quality Administra-
tion, U.S. Army Corps of Engineers, Ohio Reclamation
Association, Ohio Health Department and the ranger of
the U.S. Forest Service who is currently assigned to the
area.

(2) Measure the current costs of controlling acid
mine drainage from current stripping sites and to sepa-
rate these costs from other reclamation costs of the firm.

The data were developed from the coal company's records as



well as from information compiled in other studies con-
cerning the costs of controlling mine drainage pollu-
tion such as those of Dean Charles Holland, and
Professor Edward Moss of the School of Mines at West
Virginia University, Professor Richard Tybout of Ohio
State University, the Ohio Reclamation Association,

and individual cémpany estimates.

(3) Estimate the effect of these costs on the
total costs of stripping coal for the firm and the
ability of the firm to pass these costs on to cus-
tomers or to landowners in the form of reduced mineral
rights fees, or to absorb them and thus measure the
effect on its competitive position of absorbing these
costs. To do this, an attempt was made to estimate
the demand curve and price elasticity of demand for
the industry and firm.

(4) Estimate the costs and the effect of the
costs associated with proposed alternative drainage
control programs on the economic position of the firm

in the market area where it operates.

Previous Studies

Previous studies on the economic costs associated
with acid mine drainage are few. Brooks claimed that
up to 1966

« « o useful information on the cost of
strip mining reclamation and control of acid

7\



drainage is not readily available. What has
been published is often of little meaning be-
cause there is no indication of what is inclu-
ded in the cost figure.2/

In their study, The Myles Job Mine, Brock and Brooks es-

timated costs of acid drainage control but made no at-
tempt to measure all external costs associated with the
Myles Job Mine, nor did they look at any historical data
relating to acid drainage from the mine. They also at-
tempted to estimate the net social benefit associated
with surface mining in northern West Virginia.é/ Costs
associated with reclamation are documented by several
authors although the range of estimates is considerable.Z/
In one of the few economic studies on the subject
of reclamation in general, Brooks recently concluded
that the effects of more rigid reclamation laws in Ken-
tucky were to reduce output in the short run for the
coal industry of Kentucky and to result in greater con-
centration of production in the long run.§/ His actual

results differ from our hypothetical results in terms

2/02. cit., p. 26.

é-/Sza.muel M. Brock and David B. Brooks, The Myles
Job Mine (Morgantown: Office of Research and Develop-
ment, West Virginia University, 1966).

Z-/Brooks, op. cit., p. 27.

§/David B. Brooks, "Analysis: Surface Mine Regula-
tion," Coal Mining and Processing, Vol. 7, No. 3 (March,
1970), pp. >8-41.




of short run effecés but our long run projection agrees
with the Brooks' conclusion. Our conclusions appear in
Chapter VI. |

To ﬁur knowledge no case studies such as this have
been publicized. We hope that more will be done in th?
future since we believe that individual firm and sub-
aggregate market analyses are ﬁeeded to properly measure
the possibility for and effects of water pollution con-

trol programs.

The Target Mine

The data for this study were generously provided
by a coal stripping firm located in southeastern Ohio.
Because of our promise not to identify the firm in any
way, we were able to examine its books as well as other
aspects of its operations. Since we have made a promise
of confidentiality, we cannot report figures, lccations
and other information in a specific manner. Consequent-
ly, we have disguised some of the information and used
proxy variables where we felt identification would be
possible. These changes do not affect the results of
our calculations nor do they change the conclusions of
the study.

Chapter II of the study presents the geography
and geology of the area surrounding the target mine,

a discussion of the quantity of water in the area, and
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the results of our sampling of the streams in the area.
Chapter III summarizes the costs associated with water
treatment derived from other studies as well as some es-
timates of our own determined from other studies and dis-
cuséions with many government officials and consultants
dealing with water management problems. Chapter IV de-
tails the market structure in which the target mine oper-
ates and presents our estimates of its cost and demand
functions. Chapter V shows the market adjustment that
the firm must make to absorb alternative water manage-
ment costs and the possible market effects this adjust-
ment would have. We also illustrate the effect of addi-
tional reclamation costs which the firm is now or soon
will experience. Chapter VI presents the summary and
conclusions of our study as well as some generalizations
derived from the analysis of the target mine which might
be relevant to the water management problems facing firms

of similar size or similar market circumstances.



"CHAPTER' II
LAND AND WATER IN TARGET MINE'S AREA

Geography and Geology of Target Area

The targét mine is a small stripping company opera-
ting in a limited geographic region within Hocking and
Perry Counties. Perry and Hocking counties are located
4in the hilly country of southeastern Ohio on the western
edge of -the Appalachian Coal Basin.

The economy of the region has a long history of
dependence upon subsistence farming, coal mining and
limited manufacturing of ceramic products associated
with local clays. Per capita income and level of edu-
cation are below the state average, and both counties
have had general out-migration since the early part of
this century. Of the existing population, many commute
daily to jobs located as far away as Newark and
Columbus, Ohio.

In the vicinity of the target mine the topography
is sharply rugged with steep-walled valleys and narrow
ridges. The slopes average 20-30 percent with upper
limits of 50 percent. The mine operates in the Hocking

River watershed along minor tributaries of Monday Creek.
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Some of the streams in the immediate vicinity of the pres-
ent stripping are intermittent.

Much of the land in the area is within Wayne National
Forest, and the hills and valleys are covered with a mix-
ture of low grade second and third growth hardwoods and
conifers. The mineral rights are often privately owned
since the government acquired the surface rights without
the subsurface rights. The assessed value of timber des-
troyed through mining must be paid to the government.

The rock strata are of the Allegheny Series of the
Pennsylvanian System. Four different coal beds have been
deep or strip mined in the area. They are the Lower
Kittanning (No. 5), Middle Kittanning (No. 6), Lower
Freeport (No. 6a), and the Upper Freeport (No. 7). (See
Figure 1.) The coal beds are often characterized by
shale and flinty partings. Pyritic material is present
in thé coal and adjacent shale in nodules and dispersed
particles.

The No. 6 coal is the thickest bed in the area, gen-
erally about 4 feet. In the late 19th and early 20th

centuries, the No. 6 coal was extensively deep mined and

‘later. the outcrop was stripped. The No. 5 coal is gener-

ally thin, ranging from 14 to 28 inches. At the mine site
it is about 24 inches thick and has been subjected to
limited stripping.



FIGURE 1

COAL BEARING STRATA IN VICINITY
OF TARGET MINE

MAHONING

CONEMAUGH { |
UFPER FREEPORT (NO. 7)

LOWER FREEPORT (NO. 6a)

MIDDLE KITTANNING (NO. 6)

ALLEGHENY { | - LOWER KITTANNING (NO. 5)

CLARION (NO. 4a)

BROOKVILLE (NO. 4)

POTTSVILLE TIONESTA
'4»/\v/\/ﬁ‘

Source: Russell H. Brant, "Geological Description and
Effects of Strip Mining on Coal Overburden
Material," The Ohio Journal of Science, 64(2):
68, March, T0o&. .
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The No. 6a coal, which is currently being stripped
by the target mine, occurs high on the narrow ridges, so
the overburdeén is completely removed and all of the coal
is taken. The coal is 24 to 30 inches thick with a
shale parting, so the coal must be mined in two stages.
The overburden and the upper layer of coal are removed.
Then the parting is separated for future burial and the
lower layer of coal is removed. The No. 7 coal is also
high on the ridges, where present, and is removed in the
same manner as the No. 6a. The seam's thickness varies
from a few inches to 48 inches.

The interval between the coal beds consist of
shale, clay, siltstone, and occasionally, a thin bed of
limestone. The cyclothem from the No. 6a coal to the
No. 7 seam includes pyritic black shale immediately above
the No. 6a coal which grades into a lighter colored
clayey shale. A massive siltstone bed is above the
shale, which in turn is overlain by a thin, massive,
fresh water limestone. A dark, pyritic underclay of the
No. 7 coal is above the limestone bed.

As a broad generalization, the toxic materials
necessary for forming acid mine drainage is intimately
associated with the coal. The black shales immediately
above and below the coal, especially the underclay, are

pyritic and reactive.
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The pH analysis of three spoil samples indicated
rapid improvement of the material as the in-place dis-
tance from the coal increased. A sample of coal and
immediately adjacent clay had a pH of 2.06. Recently
exposed spoil, from which most of the black material
had been separated, had a pH of 3.77. Spoil that had
weathered for about three months had a pH of 4.12.

A variety of grasses had already begun to volunteer
on the latter spoil without any attempt at reclamation
by the mining company.

Since there is little limestone in the area, the
natural buffering action common to much of the eastern
Ohio coal fields is largely lacking. Consequently,
the water and spoil are locally quite toxic. However,
the Forest Service has found that reclaimed spoil
(which essentially means separation and burial of
black materials and some grading) consistently has a
pH of 4.5 or slightly above and it will support growth
of acid loving conifers.l/

Water Quality

The Division of Engineering of the Ohio Department
of Health found the following conditions at the mouth

l/Conversation with Mr. Paul Braun, Forest Ranger,
Wayne National Forest, Athens, Ohio office.
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of Monday Creek in 1967. During the low flow period,
the dissolved solids concentration was 1,560 mg/l. The
PH index was 2.9, sulfate concentration was 1,070 ng/1,
chlorides 45 mg/l and zero bicarbonates. Field surveys
by the U.S. Forest Rangers in Wayne National Forest con-
firm the aforementioned findings and that the conditions
prevail continuously and are of iong duration»g/”

Lost Run Creek, a tfibutary of Monday Creek,  runs
through the property on which the target mine is present-
ly operating. The stream's source is a mine tunnel lead-
ing into the No. 6 coal. Additionally, water se;ps or
flows from hundreds of mine openings, pits, and époil
banks to feed Lost Run upstream from the target mine.
The stripping is "pre-law," so no reclamation has
occurred. Vegetation has volunteered on portions of the
disturbed areas, but in many areas the spoil banks re-
main bare and continuously eroding. Without an exten-
sive and expensive remedial program, there is no hope
that the heavy mineral and sediment load entering the
area's streams will be reduced in the foreseeable future.

Table 1, Water Quality Data, lists some water qual-

ity characteristics of Monday Creek, Lost Run, disturbed

g/Correspondence with U.S. Army Corps of Engineers,
Huntington District, Huntington, West Virginia.



WATER QUALITY DATA,

TABLE 1

TARGET MINE AND ILOST RUN CREEK

. ae Total Total Total
Location Date PH %ﬁlgigy ?ﬁlfige Iron Aluminum jManganese
& & (Mg/1) | (Mg/1) (Mg/1)
*Monday Creek near 3.1 to
Lost Runl 1967 3.6 248.7 419 6.7 27.1 11.0
*Abandoned site Summer
near Lost Run 1970 1265 1500 420.0
+Lost Run upstream |September
of Target Mine 1970 4.00 850 1840 240.0 78.0 106.0
*Lost Run below October
Target Mine 1970 3.20 745 990 20.0 20.0 18.0
#Face of 6a coal November \
at Target Mine 1970 2.95 907 1645 74.3 144.0 37.5
#High Level Pond November
at Target Mine 1970 3.09 930 2195 33.9 123.0 59.5
#Low Level Pond November .
at Target Mine 1970 4.18 171 730 1.88 28.6 I ' 23:5
. . L S-S A N El'r A7 - 3
#Lost Run at point g ! o
where Target wa- |November . oo N )
ter discharges 1970 3.08 360 568 26.% 42.6 " 18.0

4t



TABLE 1--CONTINUED

. Total Total Total
Iocation Date pH %ﬁéﬁigy %géf?ge Iron Aluminum | Manganese
(Mg/1) | (Mg/1) (Mg/1)
#Stream near tipple
carrying water
from old strip-
ping and deep November
mines 1970 3.26 283% 538 8.9 3%.8 17.5
#Lost Run below November
Target Mine 1970 5.18 280 600 20.2 36.2 16.5
#Stream from October
lower Pond 1970 3.50 355 2.0 59.0
+Pond at pit of December
6a coal seam 1970 4.05 895 1670 180.0 128.0 84.0
+High level pond December
at Target Mine 1970 3.90 1040 2045 162.0 145.0 143.0

1Averaged data from a series of samples taken during 1967 by the Federal Water
Quality Administration.

Source:

*, Federal Water Administration; #, West Virginia University Chemical
Analysis; +, Papucci Testing Laboratories, Cincinnati, Ohio.

8T
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sites along Lost Run, and from the target mine. As the
table indicates, the quality of the water coming from
the mine is poor, but is not as bad as the quality of
water in Lost Run.é/

Throughout the past decade, field readings by U.S.
Forest Service personnel and State officials have con-
sistently recorded pH levels of about 3.0 for all in-
stream waters in the vicinity of the target mine. Field
readings by the authors during the fall of 1970 were in
the same range.

Target Mine's Water Quality

The'quality of mine drainage effluent from the tar-
get mine does not fit neatly into any of the classifica-
tions derived by the Federal Water Quality Administration
(Chapter III, Table 4, page 35), but would be a mixture
of Classes 1 and 2. The pH is generally below 3.0
(Class 1), but the other factors more closely fit
Class 2. The acidity ranges from 170 to approximately
1000 mg/1, total iron ranges from 2.0 to 180 mg/1,
aluminum ranges from 30.0 to 145 mg/l, manganese ranges
from 20.0 to 145 mg/l, and sulfate content is 500 to
2000 mg/1l.

é/The PH readings from the Papucci Testing Labora-
tories analyses were consistently higher than other
sources. It is probable that the lower pH readings
obtained by most samplers more nearly represent the
continuing water quality conditions.
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Water from the current mining activities can oe;
geparated into three different categories because most
water goes tnrough three different stages beforelenter-
ing the streams. Water trapped in the pits has a\pH‘of
3.0 or below, acidity of about 900 mg/l and relatively
high levels of sulfate, iron, aluminum, and manganese.

Water from the pits: then seeps, flows or is pumped
over the hill to a series of ponds about fifty feet be-
low the current stripping. The ponds were created by
spoil from previous stripping operations, so the ﬁigh
level impoundments do not reflect deliberate planning.
However, they act as silt basins and the PH, acidity, and
mineralization contents improve somewhat relative to water
in the pits (see Table 1). This is probably due to the
natural buffering action of minerals in the spoil and |
dilution by non-acid water. ]

From the high level ponds water seeps and flows’to a
lower level pond formed by slippage of a spoil bank mhich
blocks a narrow valley. The pond is elongated and retains
run-off from disturbed and undisturbed areas. ' The low
level pond is an effective silt retention structure and the
acidity of the retained water is considerably improved.
The pH is around 4.0 and the acidity (less than 200 mg/1)
and iron (less than 10 mg/l1) content are also greatly re-

duced.



Overflow from the low level pond forms the norther-
ly flowing stream which enters Lost Run Creek upstream
of the target mine's tipple. The water is free of
sediment and the water quality measurements are better

than those of the larger streams.

Ohio Water Quality Standards

Ohio water quality standards do not deal directly
with quality and quantity of coal mine effluent. How-
ever, the Ohio Department of Health's Water Pollution
Control Board under Sections 6111.01, 6111.03, 6111.31
to 6111.38, and 6111.99 of the Ohio Revised Code
does have criteria for determining the quality of stream
water that must be maintained for specific uses, such
as municipal, industrial, recreational, aquatic life,
and agricultural purposes. Section 6111.03 as amended
on April 14, 1970, provides standards which may be
utilized to prevent mine drainage pollution.

Under the heading "Minimum Conditions Applicable
to All Waters at All Places and at All Times," the
Revised Code states that waters must remain:

l. Free from substances attributable to muni-
cipal, industrial or other discharges, or
agricultural practices that will settle to
form putrescent or otherwise objectionable
sludge deposits.

2. Free from floating debris, oil, scum and

other floating materials attributable to
municipal, industrial or other discharges,

21
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or agricultural practices in amounts suffi-
cient to be unsightly or deleterious.

3. Free from materials attributable to munici-
pal, industrial or other discharges, or
agricultural practices producing color,
odor or other conditions in such degree as
to create a nuisance.

4, Free from substances attributable to munici-
pal, industrial or other discharges, or
agricultural practices in concentrations or
combinations which are toxic or harmful to
human, animal, plant or aquatic life.

The Revised Code further states that no water which pres-
ently exceeds minimum standards established for specific
uses shall have its quality reduced. Of the specific
minimum standards established for various water uses,
those provided for aquatic life are most appropriate for
the study area because it is primarily national forest
and sparsely populated. The dissolved oxygen must
average 5.0 mg/l per calendar day and not less than 4.0
ng/l at any time. The pH values must range between 6.0
and 8.5, except for fluctuations associated with photo-
synthetic activity.

However, within the Hocking River Basin, Rush Creek,
Monday Creek, Sunday Creek, Federal Creek, and those
minor tributaries polluted by acid mine drainage from
underground mines and pre-reclamation law strip mines

are exempt from current Ohio water quality legislation,



except that no further degradation of stream quality
from mining is permittedmﬁ/

Water Quantity
Monday Creek is the largest stream in the area in

which the target mine operates. In 1967 the Federal
Water Quality Administration measured the flow in Mon-

day Creek downstream from the mouth of a tributary that

runs through the target mine's property. The average
flow was 7.6 cfs with a maximum of 15.0 crs.é/ No
other records were found on flow measurements in the
vicinity of the mine.

Lost Run, the tributary flowing through the tar-
get mine's property, originates in the tunnels of
abandoned deep mines of the No. 6 coal seam about two
miles ﬁpstream of the target area. Two other small
streams, one with a northerly flow and the other flow-

ing in a southerly direction empty into Lost Run on

ﬁ/water Pollution Control Board, Department of
Health, Water Quality Standards Adopted by the Board
December i
ioc. ng River Basin, umbus, Ohio, p. 2, paragraph

2/U.S. Department of the Interior, "Stream Pollu-
tion by Coal Mine Drainage in Appalachia," Attachment
A to Appendix C of Appalachian Regional Commission's

regort, Acid Mine Drainage in Appalachia, 1969, p.
159. ]
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the mine property. Each stream drains areas previously
“or presently being mined. Both streams are said to be

intermittent. However, during the months of August to

December, 1970, there was some flow in each stream.

It had been anticipated that the quantity of water
would be available from indirect sources. The limited
duration of the study precluded any meaningful analysis
through direct measurements. Unfortunately, no evidence
was fpund of any previous records being made of stream
flow on Lost Run or its tributaries.

On October 8, 1970, Federal Water Quality personnel
attempted two measurements in Lost Run, but the low flow
makes the results somewhat suspect. One measurement was
taken in Lost Run immediately downstream from the con-
fluence of the northerly flowing tributary. The reading
was 0.16 cfs, or 72 gpm. The flow in the tributary was
estimated to be approximately 15-20 gpm.

A second reading was taken on Lost Run downstream
of both tributaries. The flow was 0.17 cfs, or 76.5 gpm.
The flow in the downstream tributary was estimated to be
20-25 gpm.

The rainfall in the area averages about 40 inches
per year. The current mining of the target company is
near the top of the ridges, so there is relatively lit-
tle water directly associated with the stripping. During

two heavy rains that we observed, sheet wash was not
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extensive. Apparently the spoil banks and ponds ab-
sorbed much of the water and retarded run-off.

No hydrographic studies were attempted, but the
volume of water being carried by Lost Run was not
drastically increased after the storms. Where the
grade of the stream is low, the channel is ill defined
because of the sediment load, so over-bank flows at
those points occur readily. Sediment sources are
numerous. and plentiful in quantity because of .previous
mining activities. - However, the target mine does not
appear to. be a significant contributor because the
ponds on the site act as effective silt basins.

According to the Hydrology Division of the U.S.
Army, Corps of Engineers, Huntington District, the
conditions present in the Monday Creek portion of the
Hocking River Basin leads to average annual run-off of
0.00134 cfs/acre. -The run-off is based upon 40 inches
average annual rainfall and given soil and vegetative
conditions. The 0.00134 cfs per acre is ‘equivalent to
868.32 gallons per day per acre or 316,936.8.gallons
per year per acre of run-off.

Since theitotal run-offﬁfrom an average acr; of
land is only 29.2 percent of the annual rainfall, these
figures are-nqt'represéhtative of:the run-off conditions
from recentl& stripped acreage. Studies by the U.S.

Forest Service of three disturbed watersheds in eastern
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Kentucky showed the run-off to be about 50 percent for
the 1968 water year.é/ Assuming the higher run-off
rate, an average yield per aére per annum would be
543,124 gallons.

To get & better measure of short term quantities of
water the company might be forced to handle, it is
assumed that a 24-hour storm with a 10-year frequency
results in 3.8 inches of rainfall on land where the
antecedent conditions are normal.zy The vegetative cover
will have been completely removed, so it is further as-
sumed that the run-off rate would be slightly greater
than would occur with row crops of similar soil charac-
teristics but less than the run-off from a paved sur-
face. The run-off from an acre of land meeting the
above criteria would be 81,463 ga110n3¢§/

In the vicinity of the target mine, the water prob-
lems are greatly complicated if coal is stripped from
any seams lower than the No. 7 or No. 6a. As already

Q/Convereation with Mr. Willie Curtis, Hydrologist,
U.S. Forest Service, Berea, Kentucky.

z/U.S. Weather Bureau Technical Paper No. 40, Rain-
fall Frequency Atlas of the U.S. for Duration from
nutes to ours and Return Perio Tom 0
ears.

§/The criteria for measuring storm run-off are

developed by Ven Te Chow, editor, Handbook of Applied
H¥drolosz, McGraw-Hill Book Co., New York, N.Y., pter
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mentioned, the No. 6 seam has been extensively deep
mined and the maze of tunnels have become channels for
good-sized streams surfacing at points where tunnels
were cut into the No. 6 coal outcrop along the hill-
sides. Stripping the outcrop may result in additional
breakthroughs into the rooms and tunnels of the aban-
doned deep mines. Acid water then flows or seeps from
the deep mines into the strip pits, creating expensive
handling problems.

An even more complicated problem for the target
mine existed in 1968 and 1969 when it stripped 12.5
tons of coal from the No. 5 seam. The No. 5 seam is
about 20 feet below the No. 6 coal which had previously
been deep mined and then the outcrop was stripped until
numerous breaks into the deep mine had occurred.

The target mine stripped the overburden from the
No. 5 coal until only a narrow ledge was left from the
earlier No. 6 stripping. The water coming into the
No. 5 strip pits was from rainfall as well as flows or
seeps from the bench of the No. 6 stripping. Much of
the water coming off the bench appeared to flow from
the breaks in the highwall leading into the deep mine.

During periods of little rainfall the water enter-
ing the No. 5 strip pit was limited to seeps whose con-
tribution to any water already in the pit was minimal.

However, during and after heavy rains the volume of
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water coming down the highwall was plentiful and sus-
tained. No quantitative measures of the marginal contri-
bution of water from the previously mined area to the
total volume of water per unit area of No. 5 stripping
were attempted, but the extra water was significant,
possibly doubling the water that would have to be
treated.

Since the area disturbed was less than an acre, the
total volume of water was limited. Mining under such
conditions should not be attempted unless the per acre
coal yield is profitable enough to offset greatly in-

creased treatment costs.
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CHAPTER III

PREVENTION OF ACID MINE DRAINAGE
AND RECLAMATION

General Techniques and Costs of
PEevenEIgg or ﬂBaEigg Mine ﬁrainage

ollution and Reclamation Programs

In all cases the mine operator should preplan the
stripping operations so that acid mine drainadge and
sedimentation are kept to a minimum. Since acid will
form on exposure to moist air, there is little that the
miner can do to prevent acid formation if pyritic mate-
rial is present. However, the acid becomes a problem
when it gets into the streams and impoundments of the
area. Therefore, whenever possible, water should be
diverted around or directly through a disturbed area.
This may be partially accomplished by utilizing diver-
sion ditches, flumes, and pipes.

Although it does not always occur, the pyritic
material is usually intimately associated with the coal
seam. Those strata immediately above and below the
coal tend to be toxic and should be segregated from the
overburden and buried as quickly as possible to mini-
m;ze their contact with air and flowing water. Whenever

possible the toxic material should be buried in such a
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manner that it becomes inundated by water. This may be
accomplished,by placing the toxic material in low spots
with relatively impervious underlying strata so that
water becomes ponded under the overburden material.
Inundation may also be accomplished by causing infiltra-
tion into the overburden so that the ground water table
within the spoil is consistently above the toxic wastes. -
Successfully segregating and timely burial of toxic
material should reduce the cost of pollution control in
all aspects of strip mining. Burying the toxic material
necessitates reworking of the spoil banks which, when
done carefully, should reduce hydraulic erosion and per-
mit early planting in order to re-establish a vegetation
cover. With little or no extra effort the shovel opera-
tors can separate the overburden initially so that the
bulldozers can then shove the overburden back into the
pit and over the toxic material in such a way that the
spoil material most capable of quickly supporting plants
is on top. 1In all cases the movement and grading of the
spoil should be kept to a minimum in or&er to keep down
earth moving costs and to avoid excessive compaction.
Compaction of the spoil reduces plant supporting capacity

1/

and increases erosion through prevention of infiltration.=

l/For an expanded discussion of water handling and re-
fuse disposal the reader is referred to Principles, Prac-
tices and Case Histories in the Control of Ici& Mine-Drain-
%5%, by Coal Industry Advising Committee oI the Ohio River
all

ey Water Sanitation Commission, March, 1964. Many of
the case studies are post-1964.



Since it is practically impossible to keep all
water out of the pit and out of contact with toxic
material during active mining, plans must be developed
to deal with the water so tha; the area's streams do
not become polluted by acid and sediments. There are
numerous techniques available that singly or in vari-
ous combiriations are capable of abating potential pollu-
tion problems. One of the most exhaustive studies
available concerning techniques, their costs and state
of development was compiled by Cyprus Wm. Rice and
Company of Pittsburgh, Pennsylvania in 1969.3/

Tables 2, 3, and 4 show potential methods for
controiling mine drain#ge pollution and mine draindge
classifications. Table 2 lists the 11 techniques that
are most highly developed in the sense that they have
been placed in use by mining companies or that experi-
mentation has proceeded to the point that some measure
of cost could be obtained. Table 3 lists 12 techniques
vwhose future prospects for controlling mine drainsage

pollution may be good, but their present state of

2/"Ensineering Economic Study of Mine Drainage
Control Techniques," by Cyrus Wm. Rice and Company is
published as Appendix B to Acid Mine Drainase in
Appalachia by the Appalachian Kegional Commission,
Washington, D.C., 1969. Appendix C of the same study;
"The Incidence -and Formation of Mine Drainage Pollution"
by the Office of Appalachian Studies and the Department
of the Intérior presents an excellent discussion of the
complex nature of the chemistry of acid mine drainage

and Attachment E to Appendix C provides a survey of
costs of methods of controlling acid mine drainage.

2]



TABLE 2

CONTROL TECHNIQUES IN CATEGORY A

Effluent Quality, ppm (1)
Technique Application Cost #/M Gals.
pH DS Hardness | Fe [|!1ine Drainage (1)

Neutralization A,B,S,D,1,2 7-8 | 500-3000 |500-3000 | 1 0.19 - 0.28
Reverse Osmosis (2) A,B,S,D,1,% 4-5 10-20 1 0.1 0.30 - 0.50
Stream Flow Regulation (3)] A,B,S,D,1,2,3,4| 6-7 |700-500 | 100-200 | 1-50 0.30 - 0.71
Deep Well Disposal (4, 8) | A,B,S,D,1,2,3,4| N.A. N.A. N.A. |N.A. 0.41 - 0.55
Surface Reclamation A,B,S,1,2,3,4 (6) (6) (6) (6) N.A.
Revegetation (8) A,B,S,1,2,3,4 (6) (6) (6) (6) N.A.
Pumping and Drainage A,B,S,D,1,2,3,4| N.A. N.A. N.A. N.A. 0.02 - 0.05
Water Diversion A,B,S,D,1,2,3,4{ (6) (6) (6) (6) N.A.
Mine Entry Sealing (5) B,D,1,2,3,4 (7)) (7) (7) (7) 0.04 - 0.40
Refuse Treatment A,B,S,D,1,2,3,4| (6) (6) (6) (6) N.A.
Impoundment 4,8,1,2,3,4 (6) (6) (6) (6) N.A.

4



TABLE 2--CONTINUED

Factors based on moderate acidity (1500 A - active

ppm) and 10 mgd of mine drainage B - abandoned

With deep well injection S .- surface mine

Single purpose .reservoirs system, 10:1 - D .- deep mine

20:1 dilutions N.A. - not applicable

1.0 mgd well capacity 1,2,3,4 - category of mine drainage

Hydraulic sealing to abate 0.3 - 3.0 mgd
Uncontaminated surface water quality
Uncontaminated ground water quality

A supporting, not a primary, technique

Source: Cyrus Wm. Rice, ibid., p. 5.

1



TABLE 3
CONTROL TECHNIQUES IN CATEGORY B

Application
Rank (1) Technique
Mine Drainage
Surface Deep Category
1 Desulphating ACT, ABD ACT, ABD 3
2 Inert Gas Blanket —— ——— ACT, ABD 1, 2, 3, 4
3 Grouting and Sealing ——— ——— ACT, ABD 1, 2, 3, 4
4 Microbiological Iron and
Sulphur Removal ACT, ABD ACT, ABD 1, 2, 3, 4
5 Sulfide Iron Removal ACT, ABD ACT, ABD 1, 2, 4
6 Ion Exchange ACT, ABD ACT, ABD 3
7 Electrodialysis ACT, ABD ACT, ABD 3
8 Evaporation ACT, ABD ACT, ABD 3
9 Sterilization —— - ACT, ABD 1, 2, 3, 4
10 Microbiological Control —— ——— ABD 1, 2, 3, 4
11 Internal Sealing —_—— ——— ACT 1, 2, 3, 4
12 Permanganate Iron Removal ACT, ABD ACT, ABD 1, 2, 4

(1) Ranked on the basis of promise of successful application.

ACT - Active Mines
ABD - Abandoned Mines

Source:

Cyrus Wm. Rice, ibid., p. 6.

3144



TABLE &4

MINE DRAINAGE CLASSIFICATION*

Class 2 Class 3 Class &4
Class 1 Partially Oxidized Oxidized and Neutralized
Acid Discharges and/or Neutralized and/or and
Neutralized Alkaline Not Oxidized
—pH <3.5 3.5 - 6.5 )6.5 )6.5
Acidity,** Mg/l .
(CaCO3) 1,000 - 10,000 (-50) - 1,000 >(0) >(0)
Ferrous Iron, Mg/l 500 - 10,000 0 -~ 500 o] 50 - 1,000
Ferric Iron, Mg/l 0 O - 1,000 0 0
Aluminum, Mg/l 0 - 100 o - 20 o o
Sulfate, Mg/l 500 - 10,000 500 - 10,000 500 - 10,000 500 - 10,000

*Derived by FWPCA as a useful approximation.
**)A negative acidity indicates alkalinity.

Cyrus Wm. Rice, ibid., p. 7.

Source:

a¢
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development is too experimental to permit any generali-
zations about the cost per unit of water treated. Table

4 separates mine drainage into four classifications accord-
ing to the severity of the pollution problem with which
the miner must deal.

All control techniques involve considerable expense
and none are without defects. Neutralization increases
the hardness of water and produces a sludge that presents
expensive disposal problems.é/ Reverse osmosis cannot
deal with water containing sediments because the mem-
branes become fouled. Stream flow regulation to utilize
the natural alkalinity of unpolluted water to neutralize
the acid from mine discharge requires alkaline streams
having flow rates great enough to neutralize the acidity
and the polluted discharges. The technique is effective
where the necessary conditions prevail, but it lacks uni-
versal applicability. Deep well disposal of water or
sludge also has serious limitations because the neces-
sary geologic formations are not always available. Suc-
cessful deep well injection requires a permeable forma-
tion surrounded by impervious formations. Because of
imperfect subsurface geologic knowledge there is the

possibility of serious pollution problems being created

E/The College of Mines at West Virginia University
currently has a research contract to attempt to solve
this very difficult problem.



by migration of acid water through the substrata. -

Water handling by pumping or diversion also has.
limitations. Pumping must be regulated to avoid slug- .
ging the receiving stream with too much low quality
water. Pumps are also susceptible to fouling, so
supervision is necessary. Diversion can be difficult
in certain terrain or when the area involved is quite
large. -

The degree of success that can be expected, es- ,
pecially in the short run, from reclamation, including
revegetation and ponding, is highly variable. Spoil
characteristics may be such that they will readily
support vegetation and in other cases the spoil will -
be highly toxic and will weather slowly. Ponding to
inundate toxic material and to trap sediment may be

limited by legal or geologic conditions.

Neutralizing Acid Water

Neutralization is the treatment process with
which the coal mine industry has had the most experience
and, therefore, more data are readily available.concern-
ing costs,-successes, and problems associated with
neutralization compared with other processes.ﬁ/ Mine

drainage often contains sulfuric acid, ferrous sulfate,

4/See Cyrus Wm. Rice and Company, ibid., p. 17 ff.
for a detailed discussion of this topic.

37
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and salts of célcium, magnesium, and aluminum. Acid
conditions may be treated by various alkalis, such as
soda ash, caustic soda, lime, and limestone.

Treatment of mine water effluent with an alkali is
only utilized when the mine drainage fits Classes 1 and
2 of Table 4 because Classes 3 and 4 do not present
acidity problems. However, Class 4 may require lime
treatment when the water has a high ferrous iron content.
The treatment process eliminates the acidity, greatly re-
duces the iron and aluminum and the calcium sulfate, but
hardness is increased.

Because of lower cost and ready availability, lime
and limestone are the only two alkalis used by mining com-
panies for treating their effluent. Lime is still the
most widely used agent, but limestone's lower cost and
simpler application has increased its use. However,
limestone's efficiency in raising the pH without aeration
is considerably less than that of lime.

Capital costs for either alkali are approximately
the same, except that the water content of the sludge is
much less for limestone than for lime, so the capacity
of settling basins utilizing limestone would not have to
be as great as would be the case with lime. Operating
costs are somewhat less when using limestone instead of
lime. This is largely because of the lower chemical

cost.
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Costs are a function of the quality of the effluent
and the size of the operation. Most published cos?t
figures involve plants with a capacity of at least
200,000 gallons per day. As Figure 2 shows, the
operating cost declines significantly up to about 3
million gallons per day where the curve becomes rela-
tively flat.é/ It is unfortunate that average opera-
ting costs are not available at smaller scales because
useful information would have been provided about
economies of scale. As an example, it would be most
informative to know what happens to the Rice curve
below 200,000 gallons. If it rises steeply, the small
firm is at a decided disadvantage.

Opération Yellowboy is a mobile neutralization
lplant sponsored by the Coal Research Board of the
Commonwealth of Pennsylvania. In the mid sixties pre-
liminary capital and operating costs were ascertained
for six different sites requiring different capacities
and handling a variety of water qualities. The
facility includes a centrifuge for mechanically de-
watering the sludge which is then ready for disposal.
The cost of sludge handling is included in Table 5
which lists the cost of operating the plant at each
of the test sites.

E/Cyrus Wm. Rice and Company, ibid., p. 37.



OPERATING COST - DOLLARS/THOUSANDS OF GALLONS

- FIGURE 2

TOTAL OPERATING COST (INCLUDING CAPITAL COSTS)
HYDRATED LIME TREATMENT
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FIGURE 3

CAPACITY

CAPITAL COST Vs.
HYDRATED LIME TREATMENT PLANT WITH SLUDGE DISPOSAL
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PRELIMINARY CAPITAL INVESTMENT-OPERATING COSTS FOR
TREATMENT USING OPERATION YELLOWBOY.

TABLE 5

19CID MINE

WATER

Marianna #58

Little Scrubgrass

Young and Son

Item
Raw Treated Raw Treated Raw Treated
Flow rate - MGD 0.240 4.15 0.180
pH 2.64 7.6 3.65 | —=—=—=——- 2.60 7.1
Total iron - ppm 815.00 5.8 1.30 | ==———w—- 225.00 2.4
Sulfate - ppm as SO4 10,000.00 6,180.0 301.00 | ======- 1,3%60.00 1,5%30.0
Dissolved solids - ppm 18,300.00 12,200.0 1,920.00 2,040.0
Estimated construction costs -
of required facilities $347,200.00 $ 9,850.00 $229,900.00
Fixed costs attributable to 2/ 4/ 2
construction costs 2/$ 25,550.00 /4 2,275.00 2/4 16,900.00
OPSSQEQng and administrative
Supervision and labor 36,500.00 730.00 20,000.00
Power 4,700.00 7,045.00 3,200.00
"Chemicals (1lime) 22,000.00 87.00 2,300.00
Maintenance, repairs,
miscellaneous and :
contingencies 6,500.00 99.00 5,000.00
TOTAL $69,700.00 $7,961.00 $30,500.00

A



TABLE 5--CONTINUED -

Marianna #58

Little Scrubgrass

Young and Son

Item
Raw Treated Raw Treated Raw Treated
Total annual costs 2/4 95,250.00 2/$10,236.00 2/4 49,400.00
Total operating costs per
1,000 gal. of acid mine
drainage $1.09 $0.007 $0.721
Sludge - dry, tons per dayé/ 12.50 | 20 eecee- 0.69
CaO, tons per day 2.08 | 0 ee———— - 0.31
Morea Strip Pit Loomis #4 Shaft Warwick
Item
Raw Treated Raw Treated Raw Treated
pH 3.20 6.5 3.20 7.4 2.78 7.57
Total iron - ppmib 5.80 | ————- 360.00 6.4 712.00 2.60
Sulfate - ppm as SO4 290.00 370.0 3,430.001%,240.0 5,656.00 3,740.00
Dissolved solids - ppm 560.00 680.0 6,100.00(5,500.0 9,080.00 |-5,830.00
Estimated construction costs :
of required facilities $657,400.00 $1,094,000.00 #282,700.00

<



TABLE 5--CONTINUED

Item

Morea Strip Pit

Loomis #4 Shaft

Warwick

Raw Treated

Raw Treated

Raw Treated

Fixed costs attributable to
construction costs

Operating and administrative
costs
* Supervision and labor
Power
Chemicals (lime)
Maintenance, repairs,
miscellaneous and
contingencies
TOTAL

Total annua} costs

Total operating costs per
1,000 gal. of acid mine
drainage

Sludge - dry, tons per dayé/
. CaO, tons per day

2/4 u8,%71.00

42,500.00
8,700.00
20,000.00

2,000.00
$ 78,200.00
2/$126,571.00

$0.087

2.17
2.23

2/4  80,500.00

108,000.00
100,000.00
152,000.00

35.000.00
s 395’000000
2/8 495,500.00

$#0.226

21.6
10.0

2/¢ 22,000.00

43 ,000.00
15,000.00
29,000.00

8,500.00
$ 95,500.00
2/$117,500.00

$0.537

16.5
NA

l'-/All data from report by Dorr-Oliver Inc., titled "Operation Yellowboy" to the
Pennsylvania Coal Research Board, The Department of Mines and Mineral Industries, Harris-

burg, Pa., June 1966.
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TABLE 5--CONTINUED
2/20 year amortization at 4% interest.
z/Operating 365 days per year.
.i/5 year amoftization at 5% interest.

é/based on 1 man - 1/2 day per week for high flow and 1/2 day every other week for low

é/Sludge resulting from acid mine drainage oxidation, neutralization, precipitation.
(&
Source: Appendix C, Attachment E, Acid Mine Drainage in Appalachia, op. cit., p. 7.
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Utilizing Operation Yellowboy and data from mining
company operations, Brock and Brooks found that average
treatment cost is between $0.05 and $#0.10 per ton of
6/

coal.—

Reclamation Programs

Land reclamation costs are even more variable (wheg
measurable) and difficult to interpret than, are water
treatment costs. Separation of the processes of reclama-
tion and water treatment is somewhat arbitrary because
some measures taken to prevent water pollution may
facilitate or involve reclamation, and reclamation should .
always reduce water pollution. “

The variability of per acre reclamation costs depends
on the terrain, soil type, amount of¢?creage, equipment
used, legislative requirements, age of the spoil, and -
degree of reclamation. Degree of reclamation probablx
creates the greatest cost differences for the company '
carrying out a program of reclaiming land duriﬁg and im-
mediately after removing the coal. Much of the earth
moving is generally associated with filling in the last

&/Samuel M. Brock and David B. Brooks, The Myles
Job Mine (Morgantown, W.Va.: Office of Research and
Development, Appalachian Center, West Virginia Universi-
ty, April 1968? P. 35. Most of these costs have risen
since the orlglnal experiments were completed. Several
indexes of costs are available but simply using the
¥gg%esa1e Prlce Index suggests increases of 17% since
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cut, so large acreages involving several cuts can be
reclaimed at a lower cost per acre than when only a
limited number of cuts are made before the high wall
becomes too thick to economically continue the strip-
ping.

The reclamation program depends upon state laws
and expected future land use.Z/ If the law or future
use requires blasting the high wall to a low angle and
backfilling to establish the original contour, the cost
will be high. David Brooks found that estimates ranged
from $50.00 to $3,000.00 per acre in the early sixties,
with the $50.00 to $250.00 range being the most common
in relatively level land.

In the Myles Job Mine study it was estimated that
the reclamation cost per acre on 1ll.6 acres of land
ranged from $250.00 to $460.00, depending on the -
technique utilized.g/ The low cost method involved
backfilling of spoil into the final cut until the
graded surface sloped away from the high wall at an
angle of 3 degrees. The $460.00 cost per acre involved
blasting the highwall to a 45 degree angle and back-
filling until the original slope was re-established.

z/These laws are summarized in Appendix 1.

-Q/Brock and Brooks, op. cit., p. 32.
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In 1964 the Department of Interior did a state by

state study of reclamation cost on land disturbed by strip

mining in Appalachia.g/ It found the average cost of
"complete" reclamation in Ohio to be $265.00 per acre.
Assuming a cost increase of five percent per year, the
1970 average cost would have been approximately $350.00
per acre. The cost varied from one state to another,
with Pennsylvania having the highest per acre cost of
$361.00 in 1964. Cost differences are partially the
result of differences in state laws. Pennsylvania's
reclamation requirements are quite rigorous as indicated
in Appendix 1.

In 1965 the Ohio reclamation law required mining
companies to be licensed by the Division of Reclamation.
The bond is now $300.00 per acre with a minimum of
$2,000.00. Disturbed land must be graded to rolling
topography to reduce erosion and to permit logging or
grazing. Isolated peaks must be graded and ponding is
permitted by building an earth dam in the final cut.
Reclamation must be completed two years after completion
of stripping. All toxic material must be separated and

inundated with water or buried under spoil. Bond is

2/,Robert W. Stephen and Walter C. Lorenz, ‘"Survey
of Costs on Methods for Control of Acid Mine Drainage

Pollution," Acid Mine Drainage in Appalachia, Attach-
ment E to Appendix © (Appalachian Regional Commission,

1969), p. C-E-25.



returned upon the approval of the Division of Reclama-
tion.l—-o/

Federal reclamation requirements in Wayne National
Forest of eastern Ohio are somewhat similar to Ohio's
law. All toxic material must be separated and buried.
Backfilling to cover the pit and coal seam to a depth
of 3 to 5 feet is required. Spoil peaks must be graded
and reclamation must be timely. A $200.00 bond is re-
quired per acre. The Forest Service does its own
planting and returns $150.00 to the miner upon compli-
ance with the law. The #50.00 fee is to cover planting
and survey costs.

Ponding of water in the final cut is generally
not permitted on Federal property. However, where the
water is alkaline and ponding will enhance the recrea-
tional attributes of the area, impoundments may be
created with an earth dam.

The U.S. Forest Service also requires a per acre
payment for the value of timber destroyed by the mining
process. The mining company then has the right to
harvest the timber and sell it for whatever the market
price will actually provide. The target mine has had
to pay an average of $100.00 per acre for timber on

disturbed Federal property.

EQ/U.S. Departmeht'of Agriculture, Restoring Sur-
face-Mined Land, Miscellaneous Publication No. %682

as on, D.C.: U.S. Government Printing Office,

49
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Techniques and Costs of Mine
Dra{nage Prevention and Abatement

rograms Usable Oy large ine

There are several general observations that ought
t0 be clearly made when discussing the ability of small
strip mining companies to carry out water pollution pre-
vention or abatement and reclamation programs. Small
mining companies are faced with technical and economic
considerations that are not present for large companies,
at least not in the same relative magnitudes. Probably
one of the most important constraints placed on small
companies is the lack of managerial skill and technical
knowledge needed to preplan and manage a program that
gives low cost water handling and effective reclamation.
Large firms can hire specialists on a full and part time
basis to analyze their problems and supervise effective
programs to alleviate the situation. Large companies
also appear to make better use of information and ser-
vices made available by public agencies. This is un-
doubtedly due in part to the higher level of awareness
of all opportunities on the part of successful managers
of large firms, but there may also be an additional ele-
ment that causes small firms which are owned and managed
by a single or small group of individuals to avoid exces-
sive contact with publie officials.

In this chapter, four methods which the target mine

might use in treating water before allowing it to enter



the surrounding streams are discussed. Since all of
these methods are hypothetical at this time, no attempt
will be made to analyze their relative effectiveness.
It is assumed that each method will achieve the goal
of improving the pH and reducing mineralization to

meet Ohio water quality standards. Where appropriate,
obvious problems of a given method are discussed. A
comparative effectiveness study would be most useful

but is beyond the scope of this study.

Water Treatment Facilities

Water treatmént facilities, as a general rule, re-
quire large capital outlays as well as skilled operators
and involve economies of scale. Neutralization plants
are particularly effective for large deep mines that
have relatively controlled water sources and work the
same site for many years. Acidity of the mine drainage
is not generally as much of a problem for strip mines
but the-difficulties of trapping and treating the
water are greater because of the magnitude of the sur-
face area involved.

The target mine disturbs only 10 to 15 acres of
land per year apd'it is continuously moving, so a
neutralization facility would have to be small and
mobile. Assuming that all run-off water from an acre

of land could be trapped for treatment, an upper limit

51
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of approximately 543,000 gallons per annum could be ex-
pected, or 1,488 gallons per day. If 10 acres of land
are involved, the annual volume of water would be

5,430,000 gallons, or 14,880 gallons per day.ll/

Since a treatment facility would be forced to have
a capacity greater than the average daily run-off, let
us assume capacity large enough to handle the run-off
from a 24-hour storm with a 10 year frequency. Ten
acres of land could be expected to yield 814,628 gallons
of water from such a storm. Using Figure 3, the canital
cost of such a structure, considering the water quality
at the target mine, would have been approx1mately
$340,000 in 1965. A capital outlay of this magnitude by
such a small firm is unrealistic.

Had the company. acquired a sophisticateduwater
treatment plant utilizing hydrated lime and including
sludge disposal capable of treating 200,000 gallons per
day of water containing 1000 ppm acidity, its capital
cost in the mid-sixties would have been $84,000 (Figure
3). Using only a five percent per year rate of price in-
crease would have resulted in a 1970 capital cost of

aporoximately 8107,217.32/ Utilizing the operating cost

ll/See Chapter II, pp. 24=26.

lg/Data for total cost of Figure 3 were developed
from Operation Yellowboy experiments.
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curve entitled "Moderately Acidic (with Sludge Disposal)"
in Figure 2, the total operating costs (including capi-
tal costs) were $0.48 per tﬁousand gallons of water
treated in 1968.22/ Inflating $0.48 by five percent,

the 1970 operating cost per thousand gallons would

have been $0.53.

Such a treatment facility, referred to as Method 4
throughout the rest of this paper, would have cost the
company $#0.09 per ton of coal in 1970. The cost per
ton was derived by assuming that 5,430,000 gallons of .
water would have been treated from 10 acres of dis-
turbed land, yielding 32,000 tons of coal.

This treatment method is somewhat inappropriate
for small mines for several important reasons. The
initial capital outlay would discourage capital-short
small firms. The facility would probably prove in-
flexible for contour stripping. The very sophistication
of the plant would require considerable attention and
training, unnecessarily complicating the operation of
small firms.

To attempt to take a simpler approach such as re-
taining water temporarily within the pits in relatively

small ponds and using a small daily capacity treating

lé/Data for Figure 2 were obtained from C. T.
Holland, et. al.,"Factors in the Design of an Acid Mine
Drainage Treatment Plant," Second Symposium on Coal
Mine Drainage Research, Pittsburgh, Pa., 1968.
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facility that is highly mobile would probably be fairly
effective. A device such as this might involve a pump
bringing water to a flume over which a hopper containing
a screw feeder would feed a limestone slurry into the
polluted water at a rate necessary to achieve neutraliza-
tion.l&/ The water could then be gravity fed into a
settling basin to remove the sludge.

For this simple treating facility, hereafter refer-

.red to as Method 1, capital costs involved would be pumps

and hoses, flume, pipe and a hopper and mechanical screw
feeder, plus construction cost of a settling basin or
basins. Total capital costs would vary with the distances
involved, but a reasonable assumption might be $2,000.00.
Of this, $1,000.00 would be for motors, hose, pipe, screw
machine, flume materials and assembly and an additional
$1,000.00 for a settling basin of two or three acre feet
capacity retained behind a semi-compacted earth dam with
an overflow channel that would prevent erosion of the
dam. Steeply sloping terrain would increase construction
cost of the dam. Because of the movement of contour
strippers along the hillside, it is assumed that at least

three basins would be required over a ten year period.

l&/Because the neutralization efficiency of lime-
stone is low without aeration, it is assumed that two
tons of limestone would be required to neutralize one
ton of acid. The acidity of the water being treated
is assumed to average 900 mg/l.



Operating costs would involve $30.00 per 8 hour
shift in labor, $5.00 per ton of pulverized limestone,
plus gasoline and o0il and maintenance of the facility.
The sludge would be left in the pond which would also
serve to catch sediment during its useful life.

The total cost of treating water during an average
year would be $2,333.00., The cost assumes that the com-
pany would treat water 50 times each year. The equip-
ment would have a useful life of 10 years and three
different sediment basins would have to be constructed
during that period. Assuming that the company recovers
32,000 tons of coal on 10 acres of land that annually
yield 5,430,000 gallons of run-off, the cost per ton
for acid neutralization would be $0.073. The total

annual costs are shown in Table 6.

TABLE 6
NEUTRALIZING FACILITY COSTS (METHOD 1)

Item Annual Cost

Capital, plus 3 basins % 533.00
Labor, 50 days at $#30.00 per day 1,500.00
Limestone, 40 tons 200,00
Fuel and Maintenance 100.00
TOTAL ANNUAL COST $2,333.00

55
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The primary drawback to this approach is that it
probably would fail to handle portions of the water be-
cause of sheet wash that would go off immediately and
the ponded water would percolate through the spoil and
into the streams, or overflow during heavy rains.
Standing water would have an opportunity to continuously
react with the highly toxic material previously separated
for burial.

An alternative technique available for preventing
stream pollution from mine drainage is to utilize gravity
flow and diversion around the pit. Hereafter this
technique is referred to as Method 2.

The topography above the highwall is steeply sloping,
yet somewhat undulating with natural drainage ditches
that, before mining, carried run-off down the hill to
the streams. By cutting diversion ditches along the con-
tour above the highwall until the natural channel is
intercepted water could be diverted around the pit, or
across the pit at control points.

When the Qater has to be directed from above the
highwall through the strip pit, a ditch should be cut
in the pit to quickly and directly convey the water to
a discharge point on the hillside below the spoil material
from the first cut. Since spoil from successive cuts
and the need to maintain haul roads would fill in the

ditch, it would be necessary to use plastic or tile pipe
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to conduct the water from the open pit area to the dis-
charge area. Extensions would be placed on the pipe -
with each new cut and the pipe beneath the spoil would
be permanently buried. .

In order to prevent accumulation of water in the
pit, the underclay should be graded so that a slight
slope in the direction of the ditch is created. 1In
this way, the natural flow would carry all rain water
immediately into a ditch and, through the pipe, over
the hill.

‘Since the underclay and toxic material which had
already been separated during the stripping process
would contain pyritic matter which would form acid,
the pit floor and toxic piles should be covered with
pulverized limestone after:each rainfall. The
neutralizing agent could be applied with a regular farm
lime spreader.

A highwall cut one mile long usually disturbs
approximately 30 acres of land. That linear distance
could reasonably be expected to have several points
where natqral drainage patterns would necessitate con-
ducting water through the open pit. Therefore, it is
doubtful that the discharge from any single point would
be very large or sludge-laden. It appears unlikely that
an operation the size of the target mine would generate

enough acidic water under the above described conditions
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to necessitate settling basins for sludge removal at each
discharge point;

The target mine estimates its cost ;f installing a
diversion ditch to be $1.00 per linear foot, plus an
upper limit of $100.00 ber acre for scraping the under-
clay and installing the ditch across the pit to utilize
gravity discharge of rain water.22/ Plastic pipe cost’
would vary with the diameter and length.' Assuming three
inch diameter, the cost would be $0.60 per linear foot.
Spreading of limestone in the pit would be between $10.00
and $15.00 per acre per applicétion. U.S. WQather_Bureau
information indicates that it rains an a@erage of 40 days
per year in the study area.lé/

Assuming that one mile of highwall is created for
every 30 acres of disturbed land in contour stripping,

10 acres of disturbed land would result in 1,760 linear
feet of highwall. The total annual cost would be
$7,060.00, and the cost per ton of coal for héndling
water using Method 2 would be $0.22. The costs are
listed in Table 7.

lé/Includes cleaning an area 25 feet wide above
the highwall. The ditch would be 3 feet deep with one
to one grade on downside and two to one grade on up
side. .Hard rock would be hit-at one foot depth.

lé/These are days in which measurable run-off would
occur.
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TABLE 7
WATER DIVERSION (METHOD 2)

Item Cost

Highwall, 1,760 linear ft. at

$1.00/£%. $1,760.00

Scraping/acre at $100.00 1000.00

Liming at $#10.00 per acre 40

times each year. 4,000.00

Pipe 3 inch PVC at $0.60 per ft.

.and 50 ft. per acre. 300.00
TOTAL ANNUAL COST $74060.00

If a ponding arrangement were necessary, it should
be one so constructed that it would handle sediment from
ergsion as well as sludge from the treated water. The
cost of constructing a debris basin meeting the U.S.
Soil Conservation Survey requirement and capable of
handling 30 acre feet of water is estimated to be
$4000.00. This cost assumes sloping terrain, but with
a natural hollow, and some hard rock movement. Addition
of the 30 acre foot pond would add $#.031 per ton of
coal. Combined with Method 2 to form Method 3, the

cost per ton of coal would be $0.25.

Reclamation Costs

Reclamation costs include separating the toxic

matter when removing the coal, grading the spoil to
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permit reforestation and reduce erosion, backfilling the
final cut to a level six feet above the cdal while bury-
ing the toxic material and planting seedlings in accor-

dance with Ohio law.EZ/ -

The target mine estimates its per month qosy.of
separating toxic material when removing coal to be;$4OG.OO.
Presently the company is mining slightly more thén an _
acre per month. However, during the 1960's the.averagé
was less. Therefore, for purposes of quantification we

will assume the $400.00 to be a per acre cost. The addi-

. tional reclamation of grading, backfilling, burial of toxic
/ .

materials, and reforestation is estimated to be $150.00 to
$200.00 per acre. ;

The reclamation cost of $150.00 per acre would be
$0.047 per ton if 3,200 tons per acre were mined (Technique
1). At $200.00 the reclamation cost under the same yield
conditions would be $0.062 per ton of coal (Technique 2).
To blast the highwall to a 45 degree angle and grade to ’
the original contour and adequately seed with minimum
erosion would cost about $500.00 per acre. At 3,260 tons
of coal per acre the per ton cost would be $0.156
(Technique 3).

l:Z/Reclamtatt:ion definitions are variable and most do
not include the separation of the toxic material during
the process of removing the coal. However, it is an -
extra cost being incurred by miners since the passing of
reclamation legislation. It should be noted that the
target mine has been effectively complying with this re-
quirement and has completely integrated it into the cost
of mining coal.
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CHAPTER IV

INDUSTRY AND TARGET MINE SUFPPLY
AND DEMAND RELATIONSHIPS

The Total Demand for
Coal 1n the united otates

The demand for coal is a derived demand. It is de-
rived from the demand for electricity, for heat and for
a multitﬁde-of other goods and services. This sﬁudy
does not estimate a total demand for coal as it is part
of a complex demand for all types of energy and with
substitution effects among coal, gas, oil, and atomic
enefgy plus legislation on péllution limits, coal
quality limits, etc., the model that would attempt to
estimate the demand for coal would be quite extensive.l/'

From recent experience regarding coal shortages,
electricity blackouts, etc., it would seem that the
demand for coal is expanding. Coal prices appear to be
rising, particularly in the last two years, suggesting
that even with expanded production of coal, the demand
for coal is rising faster than production. It is likely -

that this situation will continue for some years until

l-/’].‘he Bituminous Coal Research, Inc. is currently
developing such a model.



62

energy production facilities are expanded or the demand
for energy subsides, the latter being least likely to
happen.

While it is difficult to estimate precisely the
total demand for coal, we can present total production
figures for coal over the past ten years, and assuming
that the market cleared in each year, we can assume that
demand was equal to supply in those years, at least in '
the years when prices were reasonably stable which would
be up to 1969. Production figures are presented in
Table 8 for the United States, for Ohio and for south-
east Ohio, the latter being the relevant market area of
this study.

It can be seen from the table that the Ohio propor-
tion of total U.S. output remained relatively constant
over the decade. This was also true for the southeast
Ohio proportion of Ohio's output except for several

2/

years .=

Market Area of Target Mine

One of the advantages of studying an individual
mine is the fact that a relatively identifiable and
isolated market area can be defined. As has been men-
tioned earlier the target mine operates in several

counties. This is true of several producers in Ohio,

g/A detailed summary of production for these ten
Ohio counties is contained in Appendix 2.
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particularly the larger mines in northeastern Ohio, .
Map 1 on page 66 shows the market area for the firm
encircled. The circle represents approximately a 50
mile radius from the mine.é/ This determination of the

market was based upon several factors.

TABLE 8

TONS OF COAL PRODUCTION FOR THE UNITED STATES,
OHIO AND S.E. OHIO, 1960-1969
(000 Omitted)

Percent Percent
Year |United States Ohio 0f U.S. | S.E. Ohio | Of Ohio

Total Total
1960 415,512 33,890 8.0 7,651 22.5
19¢1 402,977 31,77% 7.8 6,627 20.8
1962 422,149 34,125 8.1 6,971 20.2
1963 458,928 36,790 8.0 7,490 20.4
1964 486,998 37,310 7.7 8,402 22.5
1965 512,088 39,331 7.7 8,321 2l.1
1966 533,881 43,068 8.1 7 4360 17.2
1967 552 ,626 45,891 8.3 7,580 16.3
1968 545,245 48,286 8.8 9,966 20.5
1969 556,051 51,193 9.2 11,270 21.9

Source: National Coal Association, Bituminous
Coal Data (Washington,D.C.:  National
Uoal Association, 1969). Ohio data
are from Department of Industrial Re-
lations, State of Ohio, Division of
Mines Annual Report (1960-1969).

é/There are overlapping markets involved here.
For instance, the target firm has shipped coal as far
away as Dayton, Ohio. Moreover, the dominant firm in
this market recently began trucking coal to Cincinnati,
a distance of approximately 140 miles. In a period of
rising prices, longer hauls will occur, although during
the study period long trucked shipments were rare.
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1. The target firm indicated a lack of capa-
bility of making a profit in hauling far-
ther than 50 miles, which would be beyond
Columbus, Ohio.

2. The firm does not ship by rail so trucking
is its means of delivery on every contract.
All of the producers in the Hocking-Perry
county area ship almost exclusively by
truck and are assumed to be subject to the
same limitation as the target mine. The
large firms in the area ship largely by
rail and thus a market exists for truck
sales and for rail sales and we have re-
stricted the study to truck sales and to
rail deliveries within the 50 mile radius.
Table 9 indicates that most producers in
the area ship exclusively by truck. It
also shows the target mine's relative
market share during the study period.

3. The 50 mile radius is applicable to the
northwest and southwest from the mine since
the market to the northeast and southeast
is dominated by larger firms in Ohio, West
Virginia and Kentucky, all of whom ship by
rail, water, pipeline and truck and there-
fore do not truly represent competitors to
the target mine.

4, By limiting the market to 50 miles and the
truck sales we avoid the complication of
Interstate Commerce Commission rate
schedules which affect rail shipments pri-
marily. As a matter of interest a favor-
able freight rate schedule can determine
the market share for the larger firms,
especially for long shipments in which fre-
quently the shipping ch?rges are greater
than the cost of coal.X

&/ﬁuch of the information we have about the demand
for coal from southeastern Ohio producers which we
arbitrarily titled "the industry demand" has been de-
rived from interviews and correspondence with execu-
tives of several of the largest coal producers in the
country and from electric utility executives in Ohio
cities. As one might imagine, most of this information
is of a confidential nature and no references can be
given. In fact, much of what we have concluded about
the target mine's ability to control and pay for acid
drainage programs, which inherently are based on the
market model we derived is based on these interviews.



TABLE 9

RANKING OF TARGET MINE BY TONS PRODUCED, 1960-69 AND
KUMBER SHIPPING BY TRUCK IN RELEVANT COUNTIES
(In Thousands Of Tons)

County 1 County 2

Year

PTogal_ Number_ T;M. T.M. | Shipped Total Number T;M. T.M. | Shipped

Foduc Prg%gc % Rank | By Truck P%gggc- Prgggc- % Rank | By Truck
1960 60,571 | 18 8.8| 3 18 1,569.9 | 22 .8 9 19
1961 54,919 13 o) 0o 13 1,684.4 19 1.0 6 15
19621 75,206 12 33,91 1 11 1,932.2 17 0] 0 14
1963} 81,965 7 35.31 1 7 2,031.7 17 0 0 15
1964 70,976 8 19.3% 2 8 2,196.8 15 0 0 13
19651 104,084 9 32.1 1l 8 2,092.4 15 0] 0 13
1966 78,579 11 19.5 2 10 2,126.3% 14 4 8 12
1967 59,995 9 3.8 7 9 2,156.0 15 1.3 5 14
19681 129,834 9 l6.2 2 9 3,101.5 14 <3 9 13
1969 95,406 8 18.1] 2 8 3,303%.7 13 041 11 12

4The largest rail shipper consistently ships between 80-85% by rail.

T.M.- = Target Mine

&9

iy
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The relevant market area for this study includes,
therefore, the demand for coal from the ten coal pro-
ducing counties of southeast Ohio by firms located
within a 50-mile radius of the target mine. Counties
excluded from this market include those along the _
Ohio River, which include the two largest coal pro-
ducing counties in Ohio, Beimont and Harrison counties, .
and Guernsey County, the last being a very small pro-
ducing county but nevertheless apparently involved in
the eastern Ohio coal market.

There are several reasons for excluding Belmont
and Harrison counties from our market area, the first
being that we found little evidence that large coal
buyers in our market purchased coal from producers in
these counties except for industrial users along the
Ohio River, Second, these counties appear to be in
the very large and what appears to be very competitive
market along the Ohio, West Virginia and Pennsylvania
borders whose competitors ship by rail and water
and service the steel and rubber indﬁstries of eastern
Ohio and Pittsburgh. For instance, in 1969 of total
production in Belmont county of 14,109,302 tons of coal,
11l million togs were shipped by rail and 2.5 million

by water. In Harrison County, of 10.9 million tons
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produced, 10.2 million were shipped by rail and the
rest by truck.é/

There is some question by the largest mine owners
whether the counties of Meigs and Washington should be
included in their market areas since producers in these
counties apparently service plants located on the river.
However, they are not large producing counties and the
coal is trucked from the producing mines. There is some
evidence that firms in these counties do compete with the
target mine for some accounts. However, all of the 1969
production is from one mine in both counties.

We have gone to some lengths to try to isolate the
coal market in which the target firm operates. This is
essential in order to understand the very nature of
economic effects which we hope to determine. As with
any market analysis there are arbitrary limits placed
on the area but we feel that a reasonable series of
assumptions help definé the relevant market. It is,
for instance, impossible to say very much about the
demand for coal from our target mine without some de-
lineation of the market and it is similarily impossible
to discuss the industry demand (or what we call the de-
mand for coal from southeastern Ohio producers) without

some delineation of the market. To discuss elasticity

/Ohlo Department of Industrial Relations, Divi-

sion of Mines Report (Ohio Department of Industrial Re-
Tations, 1969), p. 9.
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of demand or shiftability of costs presumes a market
area. Consequently, what we have done is absolutely
critical to the rest of our study. Using the above
delineation of the market area, we have concluded that
the target mine is selling in what appears to be AN
OLIGOPOLISTIC MARKET WITH PRICE LEADERSHIP BY A DOMINANT
FIRM.S/

Broadening the scope of the market area would alter
the market structure somewhat. However, in 1968 firms
producing 50,000 tons of coal or less constituted 73
percent of all mines, although they produced only 10
percent of the coal.Z/ Therefore, a few large firms
provide the vast majority of the coal at a price nego-
tiated with elec¢tri¢ utility companies who consume 61
percent of the coal produced in 1969. The large number.
of small cqmpanies then compete for the residual de-
mand.

Besides the difficulty of defining a market area,
there is an added difficulty in this study in defining

the product. Coal is not a homogeneous product. The

é-/A description of such a market has been developed
using traditional mlcro-theory and can be fourd in most
intermediate economic theory texts. See Richard H.
Leftwich, The Price System and Resource Allocation, 3rd

z-/Appendix 3.
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quality of coal varies from one seam to another, as
well as within a given seam. Examples of differences
in coal are total sulphur content, organic sulphur
content, pyritic sulphur content as well as the ash,
moisture and heat content. These are some of the more
obviéus differences in coél and there are others of a
more complex chemical nature. For any large user of
coal, especially electric utilities, each shipment of
coal must be tested for chemical characteristics and
coal prices reflect these differences. In a given con-
tract situation, other things being equal, the higher
the BTU content of coal the higher the price. According
to executives of several large coal producers, the rule
of thumb is that the price of coal varies §$.05 for each
100 increase in BTU content.

There are other characteristics which influence
the coal market. For instance, many users of coal re-
quire that it be washed while others do not. The tar-
get mine does not wash its coal so it is excluded from
selling to those customers who require washing.

Without further examples it should be apparent
that not only is a given coal market constrained by
overlapping market factors, the very product sold in a
given market is subject to considerable variation. All
of this tends to limit general statements and conclusions

with respect to any specific behavior pattern
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discernible in a given competitive situation such as

the one under study here.

Demand for Coal in the Market Area

Having outlined the relevant market area of the
st;dy and indicated the production from this market
area, it is important to attempt to summarize the de-
mand for coal in this market. As might be expected,
coal use in southeast Ohio and coal use by firms buying
coal from southeast Ohio resembles national patterns
generally. This is shown in Table 10 which summarizes
the major consumers of coal for 1966 and 1969.

Our estimate of the demand for coal from southeast
Ohio producers theoretically comprises our INDUSTRY
DEMAND CURVE. It should be apparent that several prob-
lems occur in attempting to determine an industry de-
mand for coal on this basis. First, there are many
coal users in southeast Ohio who do not report to state
agencies, and whose coal usage data are impossible to
acquire. These users, according to the target mine
executives, include all the manufacturing and other
types of firms that exist in southeast Ohio and quite
naturally purchase coal from their closest suppliers,
assuming quality is acceptable. Related to these users
is the fact that many users of coal purchase from sup-

pliers outside or on the periphery of our "market area."



TABLE 10

MAJOR CONSUMERS OF COAL, 1966 AND 1969
(In Thousands Of Tons)

1966 1969
Ulnited States United Stateé Onio
Tons % Tons % Tons %
Electric Power Utilities 264 ,2 54,3 208.4 60.8 32.7 52.6
Oven Coke 93.5 19.2 92.9 18.3 12.6 20.3
Other Manufacturing and
Mining 89.3% 18.4 78.6 15.5
Retail Dealers 19.9 4.1 12.7 2.5 1.7 2.7
Cement Mills 9.1 1.9 9.1 1.8
Steel and Rolling Mills 7.1 1.5 5.7 1.1
Beehive Coke Plants 2.4 Sl mmmm— | ————-
Bunker Foreign Trade .6 .01 ———— ] ———
Other ] ==——— | =———— ] - ——— 15.2 24.5
TOTAL 486.2 100.0 507.3 100.0 62.2 100.0
Exports 49.3 0.6 na
Total Production 533,.8* .

*Totals are off apparently because of rounding.

Source: National Coal Association, Bituminous Coal Data (Washington,

D.C.:

National Coal Association, 1967 and 1969 editions).

42
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For ihstance, all coal users in Columbus, or Dayton,
Ohio could purchase coal from southeast Ohio producers,
and in fact, probably do so, but these firms can pur-
chase from other sources as well depending on shipping
costs, quality requirements and related problems.

This problem resembles the overlapping market problems
mentioned previously. It is largely an insurmountable
problem given the availability of coal use data now
extant.

A second problem occurs in that there are many
municipalities, villages, school districts in southeast
Ohio which also use coal but for which data are not
available. The State of Ohio keeps detailed records of
coal used by Ohio institutions which purchase coal on
term contracts through bid arrangements handled by the
Department of Finance. There are a number of these
institutions located in southeast Ohio which purchase
coal from local producers, and have a large amount
shipped into southeast Ohio. These include the Athens
State Hospital, Orient State Hospital, Fairfield School
for Bozg and several others. Moreover, there are many
state institutions located on the periphery of our market
area and beyond which purchase coal from southeast Ohio
producers. These include Ohio Penitentiary, Columbus
State Hospital and others throughout the state. Other

Ohio institutions throughout Ohio purchase coal from
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southeast Ohio producers and from other Ohio pro-
ducers.’

It should be mentioned that coal use has changed -
over the study period for many of these institutions '
due to sulphur content restrictions by cities or volun-
tary change to other energy sources. For instance,
both Ohio State University and Ohio University have
changed from coal to gas heating.

In terms of our specifications of the industry de-
mand for coal, the public institutions represent a
sizeable part of the market for which annual figures
are available. Table 11 summarizes the major public
institutions' demand for coal from southeast Ohio pro-
ducers during the study period. Data are unavailable
for several years and were approximated from previou%"
years. The two years presented in Table 11 are typical
of other years.

The total demand for coal by public institutions'
represents a part of our industry demand that is
identifiable and for which the target mine could possi-
bly compete. The other part of our industry demand is
that attributable to other industrial users, retail and -
electric utilities. Electric utilities make up the
largest part of coal demand nationally and for the state
of Ohio. In recent years electric utilities absorbed 90

to 99 percent of the target mine's output. In Ohio the



TABLE 11

PUBLIC INSTITUTIONS' DEMAND FOR COAL,, SELECTED YEARS

1966 1969
Public Institutions In
' Southeastern Ohio Total ‘Trucked Imported Total Trucked Inmported
Used From.S.E. Into.S.E. Used From S.E. Into‘S.E.
. (tons) Ohio* . Ohio Ohio Ohio

1) Athens State Hospital 11,000 11,000 0 0 0 0

2) Cambridge State Hospital 10,000 0o 10,000 14,000 o) 14,000

3) Columbus State Hospital 16,000 0 ' 16,000 10,000 10,000 0

4) Columbus State School 8,000 8,000 0 10,000 10,000 0

5) Fairfield School for Boys 10,000 10,000 0] 10,000 10,000 0

6) Juvenile Diagnostic Center 3,200 3,200 ) 0 0 0

7) London Correctional Institute 12,000 0 12,000 15,000 o) 15,000

8) Ohio Penitentiary 40,000 40,000 0 40,000 40,000 o)

9) Ohio Penitentiary Maintenance 2,000 2,000 0] 0 0 0
10) Ohio Reformatory for Women 3,600 o) 3,600 3,000 0] 3,000
11) Orient State Institution 20,000 20,000 o) 20,000 20,000 0]
12) Department of Public Works 3,000 -0 3,000 0 0 O
13) Scioto Village 6,000 6,000 (o} 7,000 0 7,000

2



TABLE 11--CONTINUED

9

1966 1969
Public Institutiong In
Southeastern Ohio Total Trucked Imported Total Trucked Imported
Used From S.E.| Into S.E.| yoo% From S.E. | Into S.E.
(tons) Ohio* Ohio Ohio Ohio
14) Southeast Ohio Mental Health
Hospital 0 0] 0 11,000 11,000 0
15) Southeast Ohio Tuberculosis
Hospital 600 600 0 600 600 0
TOTALS 100,800 44 ,600 140,600 101,600 39,000

TOTAL DEMAND ALL PUBLIC INSTITU-
TIONS IN OHIO

145,400

355,000 tons

351,100 tons

*Determination of amount trucked is based on contracts of previous years when method of

shipment was indicated.

Source:

State of Ohio, Department of Finance.



generation of electricity with coal as the energy source
accounts for approximately 100 percent of the total
electricity generated.§/

Map 1 indicates the location of electricity
generating plants that are served or céuld be served
by southeast Ohio coal producers. These plants change
over time in coal usage, generating capacity} quality of
coal required and other ways. Table 12 summarizes the
coal used by these plants in 1968 and 1969. Only the
plants of Columbus and Southern Ohio Electric Company
(hereafter referred to as C & SO Electric) numbered 2,
3, 4 and 5 and Columbus Division of Electricity repre-
sent the potential demand by electric utility generating
plants from our target mine and its surrounding competi-
tors. | ‘

As might be susPecped the coal supply évailable to
a generating plant has to be reasonably predictable
over time. Given the large quantities of coal required
for the typical generating plant and the certainty of
delivery essential to this plant, it is understandable
that loné term contractﬁai arrangements would exist
between electric utilities and large coal producers.
For instance, Eastern Associated Coal Corporation has

contracted to deliver 2.0 million tons of coal in 1972

8/National Coal Association, Steam Electric Plant
Factors (Washington, D.C.: National Coal Association,

77



TABLE 12

DEMAND FOR COAL BY ELECTRICITY GENERATING PLANTS

IN MARKET AREA OF TARGET MINE, 1968, 1969

(In Thousands Of Tons)

Coal Method Cosgégon
Demanded Shipment* Plant
Source
1968 1969 1968 1969 1968 | 1969
1) Columbus Div. of Elec. 106.0 82.0 Ky. N.A. N.A. 7.24 1 7.57
Columbus and Southern Ohio

Electric Company

2) Conesville Plant 1197.0 1275.0 O. TRK TRK 4.29 | 4.54

3) Picway Plant 306.0 282.0 O. RR RR 6.82 | 7.25

4) Poston Plant 653%.0 631.0 0. TRK TRK 4,73 {1 4.99

5) Walnut Plant 93.0 93.0 O. RR RR 6.88 | 7.21
Ohio Power Company

6) Cardinal Plant** 3154.0 | 2996.0 | 0.,W.Va. RR,W 4.47 | 4.63

7) Muskingum Plant 2559.0 3630.0 0. TRK,CON 3.85 | 4.19

8) Philo.Plant 909.0 962.0 0. TRK,RR | RR,TRK,UT | 4.37 | 4.46

9) Tidd Plant** 522.0 569.0 0. TRK RR,TRK,UT | 4.41 | 4.69

8L



TABLE 12--~CONTINUED

Coal Metggd Cosgégon
Demanded Shipment* Plant
Source
1968 1969 1968 1969 1968 }1969
10) Piqua Plant** %96.0 93.0 O. RR RR N.A. }|7.69
TOTAL 9595.0 110613.0

*W = water transport; RR = railroad; CON = conveyor; UT = unit train; TRK =
truck.

**These plants are actually outside our market area.

Source: National Coal Association, Steam Electric Plant Factors (Washington,
D.C.: National Coal Association, .

64
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to the Detroit Edison Company and 3.5 million in subse-
quent years.g/ Referring to page 2 of Appendix 2, it can
be seen that 2.0 million tons represents approximately 20
percent of southeast Ohio's 1969 production. Similarly,
Eastern Associated Coal Corporation's 1968 production of
12.9 million was greater than southeast Ohio production
for that year. Electric utilities in the market area
served by our target firm use similar long term contrac-
tual arrangements for most of their coal purchases.
While Table 12 suggests that the electric utility
companies represent a demand for coal slightly less than
the total produced in southeast Ohio in 1968, several
important factors about this demand must be noted. Coal
for use by electric generating plants does constitute
the largest part of the demand from southeast Ohio pré-
ducers. According to a private survey by one mine in |
the market area, 74 percent of all coal produced in Ohio
goes to electric utilities. It is estimated in the same
report that 82 percent of the coal produced in the ten
southeast Ohio counties goes to electric utilities. Of
the ten producing counties in our market area, five ship
99 to 100 percent of their output to electric utilities
based on 1967 data. It may be of interest to note that

the same study points out that 50 percent of Ohio-produced

9/

=’ Dominion News, Morgantown, W.Va., Jan. 12, 1971, p.

13.



.coal is exported out of the state and 70 percent of this
goes to electric utilities.

Of the potential uses of coal in Table 12 which
apparently amounts to 75 to 80 percent of the demand
for coal from southeast Ohio producers, only four make
up potential demand from the target mine. They are
the Columbus Division of Electricity, and three plants
of C & SO Electric, Picway, Poston and Wainut.

Ohio Power Company is controlled by American
Power Systems and most of the coal used by Ohio Power
Company plants is produced by captive mines, i.e.,'

those owned by the utility itself. One of the largest

81

of these captive mines in Ohio is Central Ohio Coal Company

which is owned by Ohio Power Company. Although Central
Ohio Coal, with its 1968 production of approximately
3.0 million tons of coal would not be able to supply
all of Ohio Power's coal needs, it should be pointed
out that the Cardinal and Tidd plants, both of which
are located in Brilliant, Ohio, get their coal from
West Virginia and Ohio. Being on the river and near
West Virginia mines makes this reasonable and probably
permits most of Central Ohio Coal's production to go to
Ohio Power's other plants especially its Muskingum
plant;

'Subtracting Ohio Power usage from the total leaves

a potential electric utility coal demand in 1969 of
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2.5 million tons in Table 12. Almost half of this is
absorbed by the Conesville Plant of C & SO Electric.
This plant is located "on the coal" and according to
confidential information is jointly owned by. the utility
company and a coal producer. The rest of the users
listed in Table 12 theoretically represent potential
customers for the target mine and its competitors. How-
ever, we have ruled out those outside the trucking
market and this reduces the target mine's potential
market even farther.lg/

Further discussion of the relevant demand by
electric utilities requires an explanation of how the
demand for coal by utilities is satisfied and how our
target mine competes for this demand. It must be re-
membered that C & SO Electric is, in essence, the demand
for coal by electric utilities in southeast Ohio from
the small southeast Ohio producers.

As with every utility C & SO Electric enters into
long term contracts for coal. Usually, the utility con-
tracts for up to 75 percent of its coal needs from one
large producer and obtains the remainder from other pro-

ducers, typically smaller producers within its area. The

lg/It should be noted that there may be other elec-
tric generating plants in the market area of our target
mine but they are apparently so small that data are not
published for them by the usual sources from which much
of our information was obtained.
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remainder of the market is distributed through coal
brokers who have most of the small coal producers as
clients. |

Executives of our target mine stated that all of
their small competitors. sold exclusively through coal
brokers, most of whom are located in Columbus, Ohio.
Interviews with a large broker produced very little
information about the operations of this type of busi-
ness. The coal brokerage business is apparently a
highly competitive market in itself.. The typical
arrangement calls for the client coal producers to .be
prepared to deliver given quantities of coal on a
monthly basis with no chance for negotiation of price.
The price quoted by the broker is always the delivered
price and the producers must be able to mine and deliver
at the broker's quoted price or forego the contract.
The 20 or 30 year contract of the utility with its
major producer contrasts sharply with the month to month
arrangement of the small coal producers. As payment
the broker usually receives $.20 to $.30 a ton commis-
sion and handles all paper work for the small producer.

Responsibility for delivering the proper quantity
and quality of coal on time is up to the mine ‘and
failure to do so results in the loss of business. Over
the last decade the target mine has delivered between

43 and 99 percent of its annual production to electric
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utilities. In those years when electric utility de-
liveries were down, the coal was trucked primarily to
public institutions and a relatively small amount went
to industrial users. The firm's retail business ié
very small as is true for most firms producing in
southeast Ohio.

From the above description of how the electric
utility demand is translated into coal sales for our
target mine, it should be apparent that over the past
10 years our target mine and most of its small com-
petitors have been dependent on the residual demand of
C & SO Electric Company. While we do not know where
each of the small competitors sold its coal, we know
that many compete’for the C & SO business. We do not
know how individual brokers obtain their clients al-
though this information is not really essential to our
understanding of the target mine's behavior. The rela-
tionship with the broker may be explained by the fact
that the target mine has no sales force and needs the
broker more than the broker needs it. This situation
may not prevail under different market conditions such
as those now developing. During the study period it
prevailed for our target mine and probably for most of

its competitors.



Elasficitﬁ of Demand for Coal
rom oou eas 10 oaucers

While our market consists of utility demand, public

institution demand, industrigl demand and retail demand,
it is difficult to specifically state the industry de-
mand in southeast Ohio very accurately. It is known h
that electric utilities make up 75 percent, industrial
users 20 percent and retail users 5 percent of the
demand. Of the industrial users data are available for
public institutions and this makes up only part of the
demand.

Because it was impossible to obtain complete demand
data for any period of the study, the options existed
of trying to estimate the inaustry demand (i.e., the
southeastern Ohio demand) from very limited data or of
assuming a demand curve using available information,
economic theppy, and our general knowledge of the
coal market. Both were attempted but the lattef ap-
proach was adopted after considerable discussion with
several econometricians and after several unsatisfactory
attempts at statistical estimation. We simply have
as;umed an inelastic industry dgmand for coal for our

study period.lé/

ll/A search of the literature produced no elastici-
ty measure for coal. Furthermore, we have not docu-
mented non-economic factors that affect the elasticity
of demand for coal such as ordinances requiring the
burning of low sulphur coal, etc.

85
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It is not unreasonable to assume an inelastic in-
dustry demand for coal in the.short-run since moéé cbal
using firms cannot switch to other energy sources readi-
ly and at lower cost. In fact, from looking at the
figufes in Table 13 it is apparent that coal costs would
have to rise considerably before reaching the average
BTU cost of other énergy sources, even with other costs
remaining constant. By the nature of the utility demand-
coal supplier contractual arrangement, the industry
demand appears to be inelastic since part of every con--
tract requires renegotiation once a year to allow the -
coal producers to automatically pass forward any incre-
mental costs that have occurred since the previous price
was established.

With shipping costs an important determinant of
coal sales, geographical limitations lend‘strength to
our inelastic assumption. Moreover, large producers
shipping by rail may have a significant freight rate
advantage over distant potential suppliers. The domi-
nant firm in our market area appears to have such an
advantage. Thus, while C & SO Electric could contract
with other lérge producers, it would need to go outside
our market area to find sufficiently large producers.

To do so would likely add considerably to its coal

costs because of the additionél shipping required.



TABLE 13
FUEL COSTS FOR ELECTRIC GENERATING PLANTS IN SELECTED OHIO CITIES, 1968

Cost/Million BTU (Cents)

Per Cent Of
Consumption
City Company Plant gigﬁg’ As Burned In B.T.U.
Coal Coal 0il Gas Coal | O0il |Gas

New Richmond | Cincinnati Gas & W. C. Beckjord | 21.9 22.5 '70.9 j-=== J100 | === |=——-
Electric Co.

North Bend Cincinnati Gas & Miami Fort 20.3% 21.5 8%.2. |---- 1100 —— | ———
Electric Co.

Cincinnati Cincinnati Gas & West End 22.9 24 .4 - }32.1 37 - 163
Electric Co.

Ashtabula Cleveland Elec. Ashtabula 27.0 8 {27.9 8 100 | == | ——-
Illuminating Co.

Avon Lake Cleveland Elec. Avon Lake 27.1 8 |128.5 8 100 — | ———
I1luminating Co.

Eastlake Cleveland Elec. . Eastlake 26.0 8 126.9 8 100 —_—— | ——-
Il1luminating Co.

Cleveland Cleveland Elec. Lake Shore 26.6 8 127.5 8 100 — ] ——
Illuninating Co.

(8



TABLE 13--CONTINUED

Cost/Million BTU (Cents)

Per Cent Of

_ Consumption
City Company Plant gigﬁg' As Burned In B.T.U.
Coal Coal |O0il Gas Coal | 01l | Gas
Conesville Columbus & Southern | Conesville 19.1 19.4 775 {==—= 1] 100 —_—— | —-—
Ohio Elec. Co.
Columbus Columbus & Southern | Picway 29.5 30.3 75.1 | ———= 99 1l —_—
Ohio Elec. Co.
Athens Columbus & Southern | Poston 21.0 21.8 77.2 |=-—=1 100 —_— ] ——
Ohio Elec. Co.
Columbus Columbus & Southermn | Walnut 29.9 31.8 ———— 166.0 99 o 1l
Ohio Elec. Co.
S. Dayton Dayton Power & O. H. Hutchings| 28.6 8 | 28.9 8 | ==== |---- | 100 ——— | ———
Light Company
Dayton Dayton Power & F. M. Tait 27.58127.9 8 | =——== | ~==-=] 100 —_— -
Light Company
Miamisburg Dayton Power & Miamisburg 2 29 na 37.6 ———= | ===} 100 - ———
Light Company
Source: National Coal Association, Steam Electric Plant Factors (Washington, D.C.:

National Coal Association, 1968), pP. 13, 14.
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It is likely that our industry demand curve is in-
elastic throughout the range relevant to our study
period and under the conditions existing in the 1960's.
Even the dominant firm feels that C & SO Electric could
readily contract for coal from other Ohio producers,
but this is less likely for other coal users since they
are not large enough to affect price very much and
using small quantities of coal suggests the likelihood
of fewer discounts or economies than electric utilities
probably now enjoy.

The important consequence of our assumption about
an inelastic industry demand for coal is that coal
buyers will be willing to pay higher prices for coal
with very little substitution taking place in the short
run. Moreover, it implies that coal suppliers would be
able to pass forward to coal users almost all incre-

mental costs of production regardless of their nature.

Target Mine's Demand Curve

From the industry demand for coal we move to the_
elasticity of demand for the target mine. 1In the past
few years the target firm has supplied all of its
output to the electric utility users. Its demand is

thus a function of the residual demand of the electric

utilities which is not provided by its long term sup-

plier. From the firms we have talked with, this
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represents the best customer for the small producers
under 1960-70 market conditions. Under these conditions
the target firm has a perfectly elastic demand function
since it must accept the broker's offered price and
could likely do no better by selling on its own which
would necessitate that it provide its own sales force.
Finally, from our discussions with target mine officials
and others, it was learned that the broker's price is
not negotiable and remained quite stable over most of
the study period.

There is in the southeast Ohio market a dominant
producer just as there is in Ohio as suggested by the
data in Appendix 5. So far as can be determined from
our interviews, the dominant firm and electric utilities
negotiate their long term contract and agree on an
annual tonnage price, given the BTU content of coal
and other quality characteristics that are agreed upon.
The dominant producer provides up to 75 percent of the
coal needs of the utility and the small coal producers
supbosedly provide the other 25 percent AT THE SAME
PRICE AS THAT NEGOTIATED BY THE LARGE COAL SUPPLIER.
This price is adjusted for the broker's commission since
most of the residual suppliers sell through brokers.

The broker distributes the business on a month-to-month

basis to a number of firms.



The small firms in the market do not have to sell
through brokers nor do they have to sell to electric
utilities. For the stability and certainty it offers,
most of these firms choose to operate in the above
outlined market. In fact, with the brokers absorbing
most of the sales, bookkeeping and other administra-
tive costs, the electric utility may represent a rela-
tively low cost-high profit market for many of the
small producers.

In this market structure a small firm must know
well its costs, particularly hauling costs, and its
projected operating expenses in order to profit from
the brokerage arrangement. This would be true under
any contractual arrangements such as usually occur in
the coal industry. Moreover, with some fixed costs
from month to month such as debt services, depreciation
and administrative costs, the firm may be better off by
taking the broker's offer at a small loss than to dis-

continue operations in the short run.lg/

lg/We are convinced that the industry demand we
are dealing with is derived from a more complex total
energy demand and that our firm's demand function is
clearly determined by the market structure in which it
operates. We think that the industry demand could be
reasonably approximated with considerably more data
collection time and statistical experimentation. More-
over, we realize the serious limitations involved in
representing a dynamic market situation with our very
static approach to this market. For a more thorough
discussion of these points see William J. Baumol,

Economic Theory and Operations Analysis (Englewood
Cliffs: Pfenflce HaIE, Inc., 1965), ond ed., Chapter
10.
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Target Mine's Supply Function

In order to estimate the target mine's ability to
control its acid drainage and continue to operate
profitably requires knowledge of its demand function
and its supply function. In this section the supply
function of the firm is estimated using accounting data
provided by the firm. The supply function estimated is
in fact the average cost function of the firm for four
separate years. Where relevant to the adjustment process,
marginal costs were also estimated.

The primary requirement in the decision to statisti-
cally estimate the average cost function was to obtain
a series of data from the firm for periods in which all
factors, except output, remained constant. This is very
difficult to do for a strip mine since it typically
strips at various locations moving equipment from place
to- place. DMoreover, the overburden and seam thickness
change even within a single cut around the hill. The
amount of overburden and coal seam size are very impor-
tant in the estimation of average cost, although there
are many less important individual costs which, when
aggregated, are considerable. However, the major
variable cost in the stripping operation for the target
mine is labor, with repair, gasoline and oil of secondary

importance.



Table 14 presents total annual costs, revenues and
average costs of the firm. Table 15 presents similar
figures after deduction of non-coal income and expenses.
Column 4 of Table 14 shows that the target mine suffered
losses in four of the 11 years. Table 15 indicates
losses per ton in six of the 11 years. Profits per ton
of coal produced were greatest in 1961 under both
calculations. However, some questions arise concerning
which is the more appropriate measure of profit and loss
for the company. Table 15 shows profits attributable to
coal operations only. Average losses are much greater
than average pfofits and losses occurred in five of the

last seven years.

TABLE 14
UNADJUSTED TOTAL COSTS

Year Total Total Average Cost | Profit Loss
Cost Revenue Per Ton Per Ton Coal
1960 | $ 87,089 | § 86,752 $4.86 -.019
1961 67,398 78,856 5.88 .660
1962 | 108,122 | 111,607 4,03 .130
1963 | 119,168 | 124,560 4,12 .186
1964 | 108,272 | 101,338 5.55 -.356
1965 | 149,552 | 152,549 4,47 .089
1966 | 142,589 | 149,037 6.26 .283
1967 | 147,600 | 157,123 4,86 . 313
1968 | 155,565 | 154,604 4,86 -.030
1969 98,283 93,39 5.19 -.257
1970 | 245,421 | 267,028 5.69 .500
Source: Company records.
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TABLE 15

ADJUSTED TOTAL COSTS

Y Total Total Average Cost | Profit Loss
ear Cost Revenue Per Ton Per Ton Coal
1960 | $ 87,089 | § 84,992 $4.86 -.117
1961 67,019 77,517 3.86 604
1962 { 108,602 { 111,157 4,03 .115
1963 | 119,088 | 123,424 4,11 .149
1964 | . 106,343 95,908 545 -.535
1965 | 134,891 | 122,566 4,03 -.368
1966 | 120,303 | 101,891 5.28 -.808
1967 | 141,294 | 141,723 4,65 014
1968 |- 154,621 | 150,053 4,82 -.142
1969 98,283 93,296 5.19 -.257
1970 | 245,421 | 267,028 5.69 .500
Source: Company records.

Table 16 summarizes the per ton costs the firm ex-

perienced during the study period calculated from

accounting data supplemented by verbal explanations

from the mine owners.

While there are no reclamation

costs shown through 1968, the firm estimates that 35

acres have been reclaimed during the period at an

approximate cost of $150 per acre.

This cost is

hidden in its labor and gasoline costs since reclama-

tion primarily involves bulldozing and planting.

Moreover, the firm estimates the cost of separating

toxic material on top of the coal before loading to

be about $.20 per ton, with an upper limit of $400

per m

onth.

If this were included in the reclamation



TABLE 16

TARGET MINE'S COST PER TON OF COAL MINED, 1960-1969*
(Unadjusted Costs Per Ton Of Coal Sold)

Timber &

’ . Stripping

Year Labor | Royalty | Hauling 0il & Gas | Explosives | Surveying Permits
(1) (2) (3) (4) (5 (6) (7)
1960 | $2.01 . 240 .791 429 ) .065 . 004 .020
1961 1.92 .030 254 452 . 045 .006 . 027
1962 1.59 .C58 231 - 338 .061 - —— .015
1963 1.37 135 475 « 316 .087 .003 .082
1964 2.11 .099 .648 455 <144 . 005 . 006
1965 1.56 .083 408 .364 142 .005 .089
1966 2.00 .13%4 .829 .716 110 ——— . 054
1967 1.61 .03%8 .834 494 .198 . 004 .049
1968 - 1.59 .105 422 450 .091 . 004 .062
1969* 1.76 .060 677 643 .048 .003 <114
1970** 1.43 .116 1.410 400 .060 .003% .050

Year Electric-~ | Depreci- Office Employees Taxes Taxes Equipment

' ity ation Expenses Welfare County | Payroll | Insurance
(8) (9 (10) (11) (12) (13) (14)
1960 .005 226 .031 .052 .016 192 - 0477
1961 .009 « 336 .014 .O54 .016 .151 .048

q6



TABLE 16-~CONTINUED

Electric-~ | Depreci- Office Employees Taxes Taxes Equipment
Year ity ation Expenses Welfare County | Payroll | Insurance
(8) (9 (10) (11) (12) (13) (14)
1962 .016 . 516 077 .038 .018 .087 .052
1963 .027 LA6h .061 . 037 . 045 .113 . 045
1964 .035 .752 .024 .063% .070 .162 .069
1965 .026 . 530 041 .052 . 064 -107 .051
1966 .029 .671 114 .079 . 040 .186 .084
1967 .025 « 325 . 100 .077 - 325 105 .085
1968 . 024 . 388 . 064 .093 .183 < 144 .090
1969 .030 439 .O44 .059 .121 .131 .103
1970 .030 - 300 .033 .108 «124 .138 .120
Depletion Buying | Reclama-~ Cost Of Ave. Delivered | Average
Year On Coal For | tion Cost | Equip. Rep. Sale Price Cost
Coal Resale Per Ton Per Ton Per Ton
(15) (16) (17) (18) (19) (20)
1960 —— —— —_— .694 . $4.59 #4 .86
1961 ———— ———— ——— . 507 4.4% 5.88
1962 .115 _— —— <734 4,33 4.03
1963 .168 —_—— ——— .684 4.21 4.12
1964 —— _—— —_——— .909 4,24 5.55

2%



TABLE 16--CONTINUED

Depletion Buying Reclama- Cost Of Ave. Delivered | Average
Year On Coal For | tion Cost |Equip. Rep. Sale Price Cost
Coal Resale Per Ton Per Ton Per Ton
(15) (16) a?” (18) (19) (20)
1965 —— .067 — .643 #4.45 $4.47
1966 —— —— — 1.160 4.47 6.26
1967 —— — - 657 4.50 4.86
1968 .012 . 067 — -.886 4,52 4,86
1969 .115 .087 .015 . 524 4,72 5.19
1970 .015 040 046 .867 6.19 5.69

*Coal and non-coal revenues and costs are included in these figures.

**1969 and 1970 figures across do not add to total in column 20 because
of some overhead items not itemized in the table.
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costs of the firm, these costs would be considerably
higher. However, it seems reasonable to leave this
latter cost in the stripping costs since the material
is not in fact immediately returned to the pit and
covered after the coal is removed. Consequently, this
material adds to the firm's water acidity problems and
can hardly be considered a positive cost of reclamation
or acid control. This is typical of the difficult de-
cision needed to isolate costs and activities in this
kind of operation.

Because of difficulties involved in using annual
cost and production data, it was decided that monthly
figures would provide the hest possible source of infor-
mation for an average cost function. The target mine
officials were asked to supply monthly costs for what-
ever specific operations data were‘kept. The figures
provided were monthly labor, repair, and-hauling costs.
The firm was asked, furthermore, to provide these data
for periods in which the firm was operating in the same
relative area of overburden, rock content of overburden
and coal seam width. Several such periods existed and
these data were used in estimating the average cost
functions. No attempt was made to analyze data from an
operation in a particular environment that was of less

than one year.
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Charts 1, 2, 3 and 4 present average costs based
on monthly labor, repair, and hauling costs and an
approximation of all other costs. Total annual labor,
repair and hauling costs were subtracted from total
annual costs, which leaves total annual costs
attributable to all other factors. This residual
figure was divided by 12, resulting in a monthly esti-
mate for all other costs. Adding ?his constant to
actual monthly labor, repairs, and hauling costs gave
a total monthly cost figure which, when divided by
monthly production figures, provided an average cost
figure for each month. The years 1965, 1966, 1969 and
1970 are those in which production costs and technology
were reasonably constant. This approach gives
theoretically appealing downward sloping cost functions.
The estimating equations fitted to the data are sum-
marized in Table 17.

For each year the equations written on the Charts
represent a least squares fit to the data and in each:
Xl = tons produced each month; Xé = X%; u is the resi-
dual. By introducing X2 into the equations, we essen-
tially obtain a curvilinear fit to the data: This was
done to see if the average cost curve slope would be-
come positive at some level of output rather than have
a continuous negative slope, i.e., a declining marginal

cost.
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TABLE 17

ESTIMATING EQUATIONS FOR AVERAGE
COST FUNCTIONS

+
g.

ACyoee = 14.49 - 0.00520%] + O. 00000055
1965~ (1.41) g 00099) i 00000015)
10.20 3.60

.01176X; + .00000190X> + u

AC]966 = 21.61 -
(2.90) (.0028) (.00000062) -
745 4.128 3,042 .
AC = 18.06 - .01137Xy + 00000203x2 +u
1969 © (2i45) (002 & ( .00000067)
7.35 008 3.00
C = 19.93 - .00566X]1 + .00000057X> + u
1970~ (5.43)  (.0013) (.00000018)

8.17 4.28 5.2%4

‘ Note: Standard errors are in parenthesés
under the estimated coefficients
and t ratios are under the standard
errors. A .05 percent significance
level was used for each equation.

In each equation X2 is statistically significant
at a .05 percent significance level (see the t ratios).
This suggests that as output continued increasing under
the cost conditions used in the equations average cost
would become positive, and that marginal cost would
rise above average cost giving what could be thought of
as a typical theoretical supply curve. Using only Xl
in the equations would require that we present our cost

curves with constant slopes. However, with the results

using X2 we can draw a curvilinear cost curve as



illustrated in all of the charts.

The output levels at

which the slope of the average cost becomes positive

for each year have been calculated and are presentéd in

Table 18.

For instance, this would occur at an output

of approximately 4,971 tons a month in Chart 4. Table

18 also shows the average monthly and profit maximizing

output levels of the target mine.

TABLE 18

ACTUAL, MINIMUM COST AND MAXIMUM PROFIT
OUTPUT LEVELS OF TARGET MINE

(Tons)
Maximum Profit
Actual Average | Minimum Cost
Year Monthly Output |Monthly Output Monthly Outgut
(1) (2) (3)

1965 2,788 4,728 5,113
1966 1,898 3,094 3,179
1969 1,579 2,800 3,005
1970 3, 1620 4,971 5,031

We believe this is an acceptable statistical method.

It should be pointed out that in every instance on the

basis of our calculations the firm can have added output

at lower average cost of production in the short run.

The critical question is when will its costs begin to

rise and what external factors might influence these

costs, e.g., the need for expansion or possibly

105
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unionization of its employees. This question is dis-
cussed in Chapter V.

Several interesting problems are highlighted by
the Charts. In 1965, which is one of the most typical
experiences of the firm (if a typical year can in fact
be identified), the months of November, December,
January and February are at the low output high cost:.
part of the curve. In 1970, the months of November and
December appear at the other end of the curve. The
firm estimates that five working da&s a month are missed
on average during January through April due to bad
weather conditions, while three days a month are.}osf‘
on average in other months. During winter months - '
efficiency declines even on working days because of the
condition of pits and roads. The 1970 exception to this:
pattern is easily explained by the fact that the firm
fortuitously happened upon a four foot seam of No. 7
coal very close to the top of a hill being stripped.
The stripping was being done to uncover No. 6a coal
several yards underground. This extremely unusual
windfall resulted in the firm's largest monthly output
ever produced at relatively low average cost.

The 1970 curve lies above the other years because
all cost began rising for the firm in late 1969 and
continued rising during 1970. By the firm's account,

all costs were relatively stable until 1969, including
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its hourly labor-cost. The only exception was repair
costs which the firm estimates doubled during the
decade. These cost increases explain the position of
the various average cost curves but have little to do
in exflaining their shapes.

The appropriate way to estimate the average cost
function using monthly data would be to have monthly
costs for all activities of the mine. Unfortunately,
these are not available although the firm provided all
of the monthly cost items it could, trying particularly
to get accurate labor, repair and hauling costs. Of
the four years for which monthly data were provided, we
have taken the 1965 and 1966 experiences to be most
typical for the firm although the firm experienced
relatively low repair costs in 1965. In 1969 the firm
became involved in non-mining activity and in 1970
unusual cost increases took place, a No. 7 seam was
fortuitously discovered, and the market price of coal
was rising quite rapidly.

In- the next chapter the economic effects of
alternative water quality programs will be presented

using the cost curves estimated from the monthly data.
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CHAPTER V

IMPACT OF MINE DRAINAGE ABATEMENT AND
RECLAMATION ON TARGET MINE

As discussed in Chapter II,,the Ohio water quality
legislation had no impact upon the target mine in the
1960's. The long history of mining in the region had
so degraded the water quality that the State legally
permitted miners to discharge their effluent into the
streams without treatment so long as further degradation
did not occur. Therefore, any water costs incurred by
the mine were associated with removing water interfer-
ring with active mining.

The target mine had some reclamation expenses
during the sixties, although the amounts are difficult
to ascertain because separate records were not kept for
reclamation activity. The company separates its toxic
materials for future burial and, during the 1960's, re-
claimed 35 acres in compliance with State and Federal
regulations.

The State has been willing to allow firms to post-
pone reclamation if the company plans to return to the

area for further stripping. The target mine deferred
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much of its reclamation of disturbed land because of it -
intent to take ad@itional cuts after acquiring larger
equipment.l/

The records of the target mine list only annual - -* '~
reclamation costs associated with the purchase of trees -
acquired for planting on reclaimed land. Company offi-
cials estimate that the total cost of grading, backfilling,

and reforestation was $150.00 per acre for the 35 reclaimed

acres.

Short Run Output Adjustment

While it is difficult to clearly isolate water
treatment costé fpom'general reclamation costs in an on-
going mining operation, it is attempted in this section
to illustrate the firm's adjustments to these costs and‘
the mafket effects these additional costs would nave.

In Chapter III the costs of various water management‘apq
reclamation techniques which thé target mine could adopt
were_presentea and discussed. In this chapter the four
alternative acid contfoi programs and two of the reclama-
tion techniques outlined in Chapter III will be illus-
trated with respect to'yhe effect each might have on the

firm's output. The alternative methods are illustrated

l/The attitude of the State officials towards de-
ferring reclamation has been altered and the target mine
must reclaim most of the previously disturbed acreage
during the first half of 1971.
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in Charts 5, 6, 7 and 8 by shifting the firm's average
cost functions for the four years 1965, 1966, 1969 and
1970. In each chart the firm's demand curve is illus-
trated as perfectly elastic. The explanations for this
important conclusion were presented in Chapter IV.
Finally, the analysis is basically short-run becﬁuse

it is assumed that some costs remain fixed during the
adjustment process. Some implicgtions for long-run
adjustment are discussed later.

Method 1 would add abproximately $.073 to the
firm's average cost of production. Methods 2 and 3
combined would add $.250 per ton to its average cost
and method 4 would add approximately $.090 per ton to
its average cost. It should be recalled that the
target mine had averagé lossés'ﬁer ton in five of the
last seven years of its operation. To avoid larger
losses per ton the firm could expand output to absorb
the higher cost of the water control program. With
declining average costs the’firm apparently would have
had little difficulty absorbing the higher cost in 1965
and 1969, even for the most expensive treatment method.
The firm could absorb additional water control costs by
increasing output and moving down its average cost
curve to a lower average cost output level or where its
rising marginal cost (MC) = average revenue or.price

per ton (AR). This output level is presented for the
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four years in Coiumn 3 of Table 18. In 1966, the firm
could have increased output to a lesser degree to absorb
the acid control costs of methods 1, 2, 3 and 4. " In
1970, it could have sbsorbed only the additional .cost of
methods 1 and 4.

The average cost functions estimated from our equa-
tions suggest a declining average cost up to some average
monthly output which the firm seldom achieved beyond which
point it became positively sloped. This output level is
presented in Column 2 of Table 18. In none of the years
was the firm's average monthly output near the minimum
cost output level nor the approximate profit maximization
output level where MC = AR.E/ In 1970, the firm approached
its most profitable output level more closely than in any
other year, i.e., its actual average monthly output

level was 72 percent of the MC = AR level. Again, this

g/While the proper solution would involve the equa-
lity of MC = AR, the firm never achieved its lowest ave-
rage cost output level so any increase in its average
monthly output would have improved its profit position.
It may thus be somewhat spurious for us to dwell on an
MC = AR solution. This is especially true in those
years in which its estimated minimum cost output is
quite close to its AR, i.e., in 1966 and 1970.

We have ignored the possibility of the firm negotia-
ting a higher market price for its coal, an obvious solu- -
tion for offsetting the higher costs if it were possible.
However, as indicated in Chapter IV, this is impossible
for the firm under the existing market structure in which
it sells, and therefore, it is likely that the firm must
absorb all additional costs itself unless the market
price is forced up by pressure from the dominant firm in
the industry.
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is ignoring the rate at which its costs were changing.
We believe and have some information to suspect that
the firm's average cost in the short run begins rising
rapidly even before the lowest cost levels shown in the
charts. The functions shown may thus not represent
the most likely range of adjustment for the firm in the
short-run.

The firm estimates that it can produce about 4500-
4800 tons per month under present conditions. These
capacity conditions existed during several periods of
the study but existed consistently in several months
of 1970. They include a six-day work week, with time
and one-half for employees for all hours over 40 per
week. The work day is generally from dawn to dusk and
equipment maintenance is quite poor under these circum-
stances and, in fact, repairs begin to increase during
these maximum output periods. -Thus, while the plotted
functions suggest considerable flexibility in expanding
output to absorb higher costs especially under 1965 and
1969 conditions, it is our conclusion that the range |
within which this expansion could reasonably occur is
quite limited in the short run probably resembling the
1966 and 1970 conditionms.

If worker productivity and other factors were in-
troduced into the equations, the average cost curves

would very likely have different shapes and become
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steeply sloped below what the firm considers its most
efficient capacity level. For instance, this would
likely occur at an output below what the firm considers
its most efficient capacity level of 4500-4800 tons per
month in 1970.2/ The data in Table 19 show that the
target mine's productivity is considerably below the
Ohio or United States average. We suspect that a simi-
lar productivity pattern exists for most of its small
compétitors as well. Moreover, we suspect that the
target mine's productivity begins to decliﬁe even before
it attains what the executives call the maximum capacity
outpu§ level. Consequently, the firm might be able to
expaﬁd sufficiently to absorb the cost associated with
acid control Method 1, the additional $.07 per ton, but
if one recalls that the firm had losses in most of the
1960's, and that its only recent profit except for 1970
was $.01 a ton in 1967, then an additional $.07 cost is
quite meaningful to the firm.. To absorb the costs of
Methods 2 and 3 would be most unlikely for the firm,
assuming its costs rise shafply beyond the 4500-4800 tons
of output per month. Were the firm enjoying profits each

year the additional cost of acid control would be easier

2/1¢ the firm's productivity improved, it would re-
sult in a shift downward in the average cost function,
making the firm's adjustment easier. This would repre-
sent a long-run adjustment by usual definitions of long
and short run cost behavior.



TABLE 19

OUTPUT PER MAN DAY, TARGET MINE, OHIO, U.S., 1960-1969

Target Mine Ohio Average Output U.S. Average Output
Year Output Per Per Man Day (Tons)* Per Man. Day (Tons)*
Man Day (Tons) (Stripped) (Stripped)
1960 12.2 23.59 22.93
1961 16.8 24.28 25.00
1962 19.2 24,03 .26.76
1963 19.8 25.91 28.69
1964 19.2 21.12 29.29
1965 17.1 - 29.33 31.98
-1966 14.8 30.36 33.57
- 1967 15.17 33.51 33.17
1968 19.06
1969 18.9
Simple average 17.2 (10 years)

*Source: National Coal Association, Bituminous -Coal Data,‘1964, 1967 and

1969.
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to absorb, particularly if its average cost functions
resembled those for 1965.

Long-Run Adjustments

There is another alternative adjustment that the
firm could make. This would involve a change in its
scale of operatioﬁs. The firm could increase its capacity
by buying  additional equipment, hiring more employees and
possibly seeking new customers, although the latter seems
questionable unless the firm is able to increase produc-
tion sufficiently to enter into long term utility con-
tracts. There are risks involved in this adjustment.

The firm's owners believe that a larger operation would
most certainly require unionization which would add to
its costs in several ways. Welfare costs of unions are
$.40 per ton and union wages would need to be paid to
its employees, including heavy equipment operators,
mechanics, etc.

It is questionable whether the economies of large
scale would offset the higher costs, and whether the
additional competition for customers would be possible
in a market with several large producers with years of
experience and large amounts of capital. The ability
to get mineral leases would involve considerable expense
and competition with larger firms that apparently have
leased much of the mineral rights to land in the market
area, particularly the land with thick coal seams.



There may be advantages in a large scale operation
that would offset some of the disadvantages. It is
apparent from the data presented in Chapter III that
economies exist in building treatment plants and in -
other control methods, the. costs of which would be
considerably easier to absorb for the large firm. It
is reasonable to assume that other operating economies

exist at larger output levels, although we do not know

at what output levels, or at what rate these economies

occur in coal stripping operations. Yet even with its
appeal, a significant change in size is a most unlikely
adjustment for the firm, particularly since the firm is
opposed to an enlargement of such a scale.

The recent experience of the firm may provide a
solu?ion to its acid control cost difficulties in that
market prices of coal have been forced up due to many
factors and the rising prices have been partly passed
on to the target mine. The rise in price to the domi-
nant firm apparently did not filter down to the small
producers in its entirety.

The firm's 1970 average revenue was greater than
that for 1969. This was largely due to longer hauls
with their attendant higher price per ton. Its average
costs in 1970 were also higher than previous years but
the price increases were large enough to offset rising

costs of production for the firm. Consequently, the
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firm enjoyed its most profitable year of the last O
years. Again, this is due to rising market prices which
are entirely qut‘pf the control of the target mipe.

Part of this good fortune.was the result of finding

No. 7 sgam'coal while stripping for the No. 6a seam

late iﬂ thé year. - |

Adjustment Involviﬁg Acid Drainage
ontrol Costs and Keclamation Costs

Besides its water treatment costs the target mine

must absorb additional reclamation costs as outlihed in
Chapter III. Its adjustment to these cogts and the
market effects associated with higher reclamation costs
resemble the adjustmen% described above relative to
water tfeatment costs. Since it is difficult to dis-
associate the two kinds of programs, we have illustrated
the additional cost to the firm of the least expensive
water program and reclamation program by shifting the
average cost function upward by the combined cost of the
two for the years 1965 and 1970. We have made a similar
sﬂift uéing the most expensive techniques of water con-
trol and reclamation. The former are shown in Charts 9
and 10, the latter in Charts 11 and 12. The least cost
combination is ‘about $.11 ber ton, the most expensive
combination is about 8.41 per ton.

With no additional increases in its market price

the firm could have increased output to achieve its
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profit maximizing output level of 5113 tons per month
in 1965 to absorb these costs. If its profit margin
was-ver& émall as in 1967 and it was~producing close‘to
its approximate short-run capacity limit, there is .
little likelihood that it éould absorb even $.11 per
ton cost and maintain a profitable position. Again,
the additional expense of.8.4} associated with the more
thorough water and reclamﬁtiop prograﬁs coqld have been
absorbed only in 1961 and 1970. In any other year of
the firm's past operations, these costs could not have
been absorbed without generating large losses as indi-
gcated‘yy the profit data shown earlier in Tables 14 apd
15 |

As was suggested earlier, if the firm could shift
ité average cost function down through improved tech—s
nology or with a change in scale of operation, these .
costs could be absorbed. There is no chance that these
costs can be passed forward to the coal buyer unless‘~
market prices are forced up by the dominant firm.

If the additional water treatment and recléﬁation
programs are enforced for all firms, there is still a
substantial probability that the smaller firms will be
unable to adjust profitably because of the greater ‘_
economies enjoyed by the 1argef producers in treatment
and reclamation and the rapidly rising marginal costs

assumed to be typical of the target mine and firms
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similar to it. Should coal prices stabilize or begin
to fall, the smaller producers who are unable to make
technological adjustments or increase their scale of
operations with the attendant economies of scale will
go out of business. The additional coal output needed
in the industry will likely be supplied by the larger
firms, a continuation of the fecent 10 year trend in the

southeast Ohio coal market.
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CHAPTER VI
SUMMARY AND CONCLUSIONS

Generél'éummagy and Conclusions

From our detailed analysis of the target mine's
operation over the past ten years several conclusions
can be made about the firm's ability to cover the
potential costs of acid drainage pollution. Although
the firm did not violate the Ohio water quality laws
since the streams in the area were generally exempt
from the laws, the firm did contribute additional
quantities of acidic water into already badly deterio-
rated major streams. Consequently, the firm has no
acid drainage control program or expenditures for its
control. The firm spent relatively little on reclama-
tion compared with what it would have been required to
spend to keep its reclamation current. And this was so
because of the leniency with which the reclamation laws
were enforced during the 1960's.

The firm's ability to absorb any additional costs
of acid drainage control are limited by several factors.
First, the market within which the firm sells is domi-

nated by a large producer which has tied up the major
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electric utility demand for coal in a long term contract.
This is a typical coal market arrangement. The target
mine and most of its small competitors compete primarily
for the residual demand from the electric utility at a
price over which they have no control. The target mine
has experienced a sporatic and limited demand from public
institutions and industrial users of coal within a 50
mile radius of the mine. Second, the firm's average
monthly output has never been large enough to allow the
firm to operate at its most efficient average monthly
output level based upon its estimated average cost func-
tions., The target mine has, however, been operating on
the downward part of its short run average cost function
and could in each year studied have increased output to
absorb some additional costs arising from acid drainage
control or reclamation or both. Its ability to adjust

in this fashion was greater in 1965 and 1969 than in 1966
or 1970.

In its most recent year of production during which
capacity output levels were nearly reached, the firm
could have absorbed a minimum additional cost of acid
drainage control and remained profitable. This occurred
in a year in which rapidly rising prices of coal enabled
the firm to enjoy profits on its coal sales for the second
year in the past seven years of operation. However, in

those years where considerable flexibility appeared to



exist in expanding output, it is our conclusion that

the firm's marginal costs would have risen quite rapidly
at or near its capacity limit. This would substantially
reduce its ability to expand output in the short run to
absorb additional costs especially those associated with
the more expensive acid drainage and reclamation programs
which we have determined would be most appropriate for
the firm.

A longer run adjustment of scale, improved techno-
logy, competition for thicker coal seams and other re-
lated alternatives may be possible for the firm. For
example, one of these alternatives involves the con-
struction and operation of simple, highly mobile treat-
ment facilities which are relatively low cost and quite
effective. This and other possible techhiques of water
management were developed and discussed in the study.

Considerable difficulty exists in mgking these
longer-run adjustments particularly in light of manage-
ment's opposition to expansion in the firm's size with
its attendant costs and problems. A serious limitation
facing the target mine is its inability to successfully
bid for mineral rights to thicker coal seams. Leasing
coal rights is apparently quite competitive with large
firms having acquired rights to much of the available

acreage with thick and multiple seams of coal. Small

firms, like the target mine, are left with the thin,

13%0
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often single séam acres. Mining such seams results in
low productivity because the coal yield per ton of over-
burden moved is small. With losses having occurred in
five of its iaSt seven years of operation, the risks
associated with any substantial change from past eéxper-
iences and operations are considerable in the minds of
management.

In the study no attempt wds made to precisely esti-
mate or simulate long-run adjustment alternatives. Thus;
it would be speculation to project the specific outcome
from any particular long-run adjustment the firm might
attempt:

Implications of the Study

It i8 difficilt to acciirately forecdst the fiiture
defidiid for codl. Even with the recent shortagés of
supply éhd rising prices, there has béen & considerable
easifig of deiiafid pressure in national coal iarkets over
thé past several months. This has restiited in the de-
clineé of iidrket prices iii someé areas with & further de=
¢line @nticipated by officidls of one of the largest
prodiicers with whoii we talked.

fhe experiefice of the 1960's thils may redppear in
the Solithedst Ohio coal market. The tiend towdrd greatér

coicenitration in the indistry as illiistrated by the data

in Appénidices 3, &, and 5 is likely to continiie. Froii
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thé experience of the target mine and the fact that the
dominant producers apparently operate successfully on a
target profit basis, i.e., they attempt to achieve
$1.00 per ton profit in their contracts, it would
appear that the smaller firms are less efficient and
have considerably higher average costs and lower pro-
ductivity operations than the large firms as suggested
by the data in Table 20. We have no specific knowledge
of the cost functions of large firms. We simply assume
that their costs are lower due to economies of scale.
And we know there are significant economies in acid
drainage control techniques and in reclamation techniques
generally.

In a dynamic market such as the coal market we caﬁ
predict little from our historical analysis of the firm.
With greater concentration taking place, the dominant
firm model may apply more readily in the future than
during the study period. The individual small producer
with his relatively high cost operation will likely be
less able to influence his market price and less able
to absorb costs of water control programs. Consequent-
ly, it is only if water quality standards are uniformly
enforced on the entire coal industry in southeast Ohio
that large scale acid control programs could be success-
ful. And this is because the dominant firms can and
will shift these costs forward to coal buyers. For

the target mine to attempt unilaterally to control its
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water problem would be competitively disastrous since
even a small program would destroy the small profit mar-
gin that the firm now enjoys or enjoyed in the few years
when profits. were positive.

Even uniform laws burden the small producers more
heavily since they lack most of the economies enjoyed
by large producers. Economic theory would probably sug-
gest that the target mine go out of businesé. Not only
is the firm not covering its externmal cost of acid
drainage pollution, it is barely covering its internal
costs of operation in most years. Were we to approximate
the external costs of acid drainage caused by the target
mine, it would worsen an already bad situation. Because
the stockholders are also the officers of the firm who
draw wages and salaries from the firm, this has not
happened. Should the coal market return to its mid-
1960's stagnation, the firm's demise is a real possibility.
Its output would likely be replaced by larger firms with
market power, and in southeast Ohio, probably by the
dominant firm that thrives there now.

In effect, the individual user of pfoducts produced
with coal as the energy source will likely pay for acid
control programs. Since by contract the coal suppli;r
can shift all taxes and other costs incurred in the pro-
duction process to the electric utilities, the user of

electricity will absorb a large part of any cost forced



on the coal producers. Utilities are absorbing more and
more of our coal output so this possibility is likely
to continue indefinitely.

The market system as it exists for coal in south-
east Ohio is likely to be a very unfair distributor of
the burden for cleaning up acidic streams, unless we
accept greater concentration in the coal industry as
a desirable effect. A concomitant social decision about
the displacement of employees from small firms must at
some future time also be made. However, if market
pribes of coal continue rising and high cost opera-
tions like the target mine make profits then it may be
the opportune time for the public to attempt to solve
acid mine drainage pollution. On the basis of our
conclusions the cost of such programs will be readily
passed on to electric utilities and other coal users
and the move toward greater concentration in the(coal'
industry might be less than it would have been during
the early and mid-1960's. However, even with rising
prices (with or without water quality programs), it
is likely that market concentration in coal production
in southeast Ohio will continue in the future such as

that which occurred during the past decade.
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SUMMARY OF SURFACE

APPENDIX 1

MINE IAWS IN EFFECT IN VARIOUS STATES, APRIL, 1967

4_
License
N Requirements Bond Required
umber Of Penalty For
State Coverage] Agencies Failurz To
Administer- Additional]lobtain Li dditional
ing Laws ain cense . A ona
sic] Fee Per inimum | Bond Per
Fee Acre Acre
Ill. 93 Ill.Stat. All min- 1l (1) [None $50-$1,000 $1,000 [8$200 over
Ann.180 erals fine ' S acres
Ind. Ind.Stat.Ann. All min- (2) [None $1,000-$5,000 }8$2,000 [8#300 over
46-1501 erals fine S acres
Ky. Ky.Rev.Stat. Coal and 2 $50 |#25/acre |$100-$1,000 $2,000 [$100-$500
350 clay to be af- fine + $100-
fected by | $1,000/day
operation violation
3 continues
Ma. Art.66C Md. Coal 100 |8$30/acre $5,000-$10,000} 1,600 (8200
Code Ann. fine
Ohio Ohio Rev.Code ([Coal 75 1815/acre |$300-%$1,000 2,000 [$300
1513% of land fine
to be af-
fected in
license
year

ael



APPENDIX 1--CONTINUED

= ,
License .
. Requirements _ Bond Required
umber Of : Penalty F
" g y For
State .Code Coverage Aggngles " Failure To
Citation A@mlni:ter- Additional| Obtain License Additional
ing ws Basic|] Fee Per h"linimum Bond Per
Fee Acre Acre
Pa. Pa.Stat.Ann. Coal 2 300 |None $5,000- $5,000 |$500
Title 52, 5681 ‘10,000 fine
(anthracite) or 6 mos. im-
Title 52, §1396 prisonment or
(bituminous) both
Va. Va.Code.Ann. Coal 2 150 |None Maximum $1,000{ 2,500 |$75
545.1-162 : fine or 1 yr.
imprisonment
.4 or both
W.Va. W.Va. Code All min- 1 100 [830/acre” | $100-$1,000 2,500 }|#$100-$500
Ann. 52461 erals fine or 6 mos.
imprisonment
or both

. 9¢T



APPENDIX 1--CONTINUED

Penalty For
Substitution Failure To
Maps & Backfil- Of Lands To | Mining & Reclaim Special
State | Reclama- ling & | Replanti Meet Recla- Reclama- Reclama-
tion Plan | Grading Require- mation Re- tion Re- tion Fund
Required Require- ments quirements ports Re- | Forfei- | Denial | Established
ments Permitted quired ture Of | Of New
Bond Permit
I11. Yes 5 Yes Yes Yes Yes No No
Ind. -do- 6 -do- -do- ~do- -do- Yes -do-
Ky-. -do- 7 -do- -do- ~do- ~do- -do- Yes
Md. ~do- 8) -do- No -do- -do- -do- -do-
Ohio -do- ) -do- Yes -do- -do- -do- -do-
Pa. -do- (10 -do- No -do- -do- -do- -do-
Va. -do- (11% -do- Yes -do- -do- ~do- -do-
W.Va. -do- (12 -do- No -do- -do- -do- -do-
(1) Variable, depending upon acres to be disturbed, i.e. 10 acres--$50 basic fee plus
$11.50 X number of acres between 2 and 10 acres annually. .
(2) Variable, depending upon acres to be disturbed, i.e. 10 acres $200 fee, 100 or more

acres $500 fee annually.
Fee deposited in Bituminous Coal Open Pit Reclamation Fund.

3
4) Fee deposited in special reclamation fund.

5) Grade peaks and ridges to a rolling topography; construct earth dams in final cuts;

bury acid-forming materials; construct fire lanes and access roads in afforested land.

291



APPENDIX 1--CONTINUED

(6) Peaks and ridges must be struck to a rolling topography adjacent to public highways;
construct dams in final cuts; bury acid-forming materials.

(7) Eliminate spoil peaks; grade to original contour; backfill highwalls; bury acid-
forming materials; fill depressions; impound run-off water; and, remove refuse.

(8) Grade spoil banks to reduce depressions to a surface which restores terrain to as
near normal as is satisfactory to State agency; impound water; bury acid-forming materials.

(9) Grade peaks and ridges to rolling topography; construct dams to impound water; bury
acid-forming materials; impound run-off water; construct fire lanes or access roads.

(10) Grade peaks and depressions to a rolling topography; construct access roads; bury
refuse and debris; impound water for lakes or ponds where approved.

(11) Grade peaks and ridges to gently rolling topography; grade surface to preserve
existent access roads; grade loose coal and debris; impound water where approved.

(12) Grade peaks and ridges to a rolling topography; impound run-off water; bury acid-
forming materials; construct ponds and lakes. '

Source: Surface Mining and Our Environment, U.S. Department of Interior, p. 120.
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APPENDIX 2

SOUTHEASTERN OHIO PRODUCTION (SUPPLY)
(In Thousands of Tons)

Year S Total Price Seam U S Total Price Seam
Athens Hocking
1960 1 25.1 284.2 $4.56 6,7 12.6 47.9 60.6 $4.01 6,6a,7
1961 9 40.1 235.0 $4.49 ©,7,8 6.6 U8 .4 54.9 $3.77 §©,6a,7
1963 0] 29.6 182.6 $4.41 ©,7,8 7.2 74.8 82.0 $3.84 5,6,6a
1964 0] 20.7 148.7 $3.88 ©,6a,7 6.8 64.2 71.0 $3.58 - 5,6,6a,7
1965 7 20.4 143.2 $3.69 6,7 2.6 - 101.5 104.1 $3.54 5,6,6a,7
1966 1 4.7 99.7 $3.88 2.9 75.7 78.6 $3.97 6,6a,7
1967 3 19.5 119.8 $4.02 1.0 59.0 60.0 $3.67 ©,6a,7
1968 O 158.7 228.7 $3.91 7.8 129.8 129.8 $3.88 ©,6a,7
1969 1 65.5 113.4 34005 2’8 .1 92.3 95.4 8'3"78 6’63.’7
Jackson Meigs
1960 44.6 354.0 398.7 $3.70 4,4a,5 45.7 149.9 195.6 $3.06 8,8a
1961. 42.8 252.1 294.9 $3.81 4,4a,5,6 48.8 185.2 234.0 $3.10 B,8a
1962 45.2 249.7 294.8 $3.71 T,.6,6a 57.7 50.1 245.8 $2.64 8,Ba
1963 49.8 348.0 397.8 $3.79 4,4a,5,6 54.5 296. 350.8 $3.14 8,Ba
1964 47.6 514.2 561.9 $3.73 ZL,4a,5 37.1 556.2 593.3 $2.85 8,8a
1965 46.4 558.0 604.3 $3.82 T,4,4a,5 23.0° 184.4 207.5 $3%.56 8a
1966 32.8 808.3 841.1 #$3.81 4a, 26.5 62.0 32.7 $3.38 Ba
1967 27.7 9a4.4 983.2 $3.52 Za,5 18.8 50.4 69.2 $3.34 B,8a
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APPENDIX 2--CONTINUED

Year U S Total Price \) Total Price

1968 2379.5 2379.5 $3.42 % 1729.7 1371.8 3101.5 $4.08 6
1969 2576.5 2576.5 $3.74 3 2570.5 733.2 3303.7 $4.30 ©

Vinton Washington

1960 50.6 204.1 254.5 $4.15 3,4.6 1 95.1 na 9
1961 42.7 108.4 151.1 $4.17 4, 4a,6 1 74.1 na U
1962 48.3% 58.7 107.0 $3.87 3,4,5,6 4 37.4 na O
1963 27.3 25.2 52.5 $4.09 3.6 0 6.0 na g
1964 26.2 13%4.6 -160.8 $3.62 3,ha 8 2.8 na

1965 17.7 123.2 140.9 $4.05 4a,5,6 116.7 116.7 na g
1966 14.9 140.5 155.4 $3.86 %a,5,6 200.1 200.1 na ,9
1967 5.2 221.9 227.1 $4.23 7%4a,5,6 177.4  177.4 na - 8,9
1968 5.2 221.6 226.8 $4.19 %a,5,6 106.6 106.6 na B,9
1969 1.4 285.3 286.8 $4.23 Ta,5,6 117.3 117.3 na B

TOTALS--S.E. Ohio TOTALS--Ohio

Year U % S % U % S %
1960 611.2 .067 7039.8 .933 19172.0 .271 24724.5 .729
1962 519.2 .075 6452.0 .925 9326.4 274 24684.4 .726
1963 606.7 .081 6883.5 .919 10524.2 .285 26392.5 .715
1964 640.1 .076 7762.2 .924 10828.8 .289 26561.7 .711

1



APPENDIX 2--CONTINUED

Year U % S % Total U % S % Total

1965 e43.1 .077 7678.1 .923% 8321.2 11287.7 .287 28043.8 .713 3%9331.6
1966 693.8 .094 6666.6 906 7%60.3% 13106.7 .304 2996l1.7 .696 43068.4
1967 1081.8 .143 6498.6 .857 7580.4 15176.9 .331 30714.7 .669 45891.6
1968 1910.8 .192 8056.2 .808 9967 .0 1633%34,.1 .338 31952.8 .662 48286.9
1969 276%.2 .245 8507.5 755 11270.6 18618.3 .364 32574.6 .636 51193%.0

1

mine.

. Seam underlined is largest percentage seam by visual
2. Price is F.0.B.

inspection.

Source: Division of Mines Annual Report, Ohio Department of Industrial
Relations, 1960-1969.
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APPENDIX 3
COAL PRODUCTION BY SIZE OF FIRM, U.S., 1960-70

Produced < 50,000 Produced More Than
Tons Per Year 500,000 Tons Per Year
Year
% of Mines |% of Output | % of Mines |% of Output
1960 .858 .155 .025 .493%
1961 859 156 .025 504
1962 856 160 .026 506
1963 .845 151 .028 «529
1964 .832 <144 031 549
1965 .818 «13%6 .035 572
1966 .791 .128 041 579
1967 .756 .107 047 591
1968 733 .102 051 .585
1969 na ' na na na
1970 na | na na na -

Source: Bituminous Coal Data (Washington:

National Coal Association

1969 editions).

y 1967 and
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APPENDIX 4

S.E. OHIO CONCENTRATION IN PRODUCTION
(In Thousands Of Tons)

1

Sum of
kgg;a%npggggg; Number 1 Firm Number 2 Firm Number 3 Firm %?izg
U= S U S % U S % U S % %
Athens
1960 (183** 259.1 25.1 157.2 «553% | 54.7 «192 19.3 §.068 813
1968 70.0 158.7 152.8 .668 | 30.6 <134 | 25.5 «111 913
1969 48.1 65.5 41.3 «363 { 30.3 «265 21l.8 1.186 .814
Hocki
1960 18) 12.6 47.9 26.6 <440 5.3 }.088 4.6 |.074 .602
1968 10.0 129.8 44 .6 « 344 21.1 ].163 18. 7 <144 «651
J1929 (8) ol 92.3% 21.5 .221 18.7 |.189 17.3 {.179 .589
ackson
1960 §273 44 .6 354.0 114.3 .289 66.6 |.167 66.6 |.166] ..620
1968 (19 32.6 876.9 276.1 « 504 151.1 }|.166 102.4 |.112 .582
M1269 (20) 77.2 914 .4 256.8 <258 210.8 }1.212 le8.2 1.170 640
eigs
1960 (14) 45.7 149.9 135.8 .693 | 12.6 064 1 12.6 .063 .820
1968 33 10.0 39.0 24.0 489 15.0 1.305 10.0 }1.204}1 1.000
M1969 1 12.5 12.5 1.000 - ' 1.000
organ
1960 (4 1.6 | 2243 .4 2231.8 994 11.6 }|.005 1.0 .001 <999
1968 (2 -5 790.2 790.2 .995 «52)].005 1.000
1969 (3 7 824.9 784 .0 <951 40.9 |.048 .701.001} 1.000



APPENDIX 4--CONTINUED

Sum of
Total Produc- . . Fi Three
tion in County Number 1 Firm Number 2 Firm Number 3 rm Fiooe
U S U S % U S % U S % %
Muski
% of 427.1 209.0 | .353 188.5 [.319 [|93.4 157 .829
%32g <i§§ lgg.; 1983.1 1782.1 .869 106.5 |.052 4.5 1,021 LoU42
1969 (9) 52.6 | 2718.0 224,91 .810 252.6 }.091 139.6 }.050 .951
Noble
. . 898. A4 484 .2 |.248 167.5 |.085 792
R B B3 Sann | 1333 794.5 | 500 ush:d |:293 | %96
1969 (73 2576.5 1473.6 | .534 435.% | _.158 316.4 |.115)] .807
Perry )

0 (22 2.3 ] 1537.6 1207.9 | .769 129.9 ].082 42,7 1.027 .878
1328 (14 1729.3 1233.8 1717.1}1 1137.9 91.1 |.029 46.% 1.015 .964
1969 513 2570.5 | 733.2 |2554.9] 432.8 110.5 }|.033 89.5 |].027 . 964

Vinton
. 204.1 87. 343 58.1 |.228 | 16.6 063 | .634
iggg §i33 5?.3 221.6 113.; .;gz 35.4 |.155 . 16.5 }.071 .749
1969 (7) 1.4] 285.3 124.9 | .433 49.2 1.171 44 .6 {.154| .758
Washingt ,
2360 23n 95.1 52.91 .556 42.2 {.444 1.000

anl
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APPENDIX 4--CONTINUED

) - Sum of
Total Produc- . .
tion in County Number 1 Firm Number 2 Firm Number 3 Firm g?ﬁ::
U S U S % U S % U S % %
1968 glg 106.6 106.6 | 1.000 1.000
1969 (1 117.3 117.3} 1.000 1.000

*U = underground; S = surface mining includes strip and auger mining.

**Numbers in parentheses are number of producers.

Source: Division of Mines Annual Report, Ohio Department of Industrial Relations, 1960-



APPENDIX 5

SUMMARY OF S.E. OHIO CONCENTRATION IN PRODUCTION
(In Thousands of Tons)

Total of 10 Southeastern Ohio Counties Total Ohio
1960 % 1968 % 1969 % 1969
Total production | 7,651.0 9,966.9 11,270.6 51,193.0
Number 1 Firm 5,121.6 | .669}| 6,896.5 | .692 8,064.5 | .716 | 12,626.4 | .247
Number 2 Firm 1,054.3| .138| 1,143.6{ .115} 1,148.3].102} s5,823.3 |.114
Number 3 Firm 424,31 .055 718.8 | .072 798.2 | .071 5,220.2 |.102
Sum of three firms | 6,600.1} .865} 8,758.9} .878 | 10,011.0 | .888 | 23,669.9 | .463

Source:

Derived from Appendix 1.

LT
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