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COMPLIANCE COAL RESOURCES IN KENTUCKY

James (. Cobbl/, James C. Syrrensl/,
and Harry g, Enochs

ABSTRACT -

This prelxmlnary report describes Kentucky's coal resources in terms of

the quantity of resource that could comply with various sulfur emission limits,
if burned without flue-gas controls,

The se]ection of coal for fue] by the e]ectricity-generating utilities,
which constitutes the largest market for coal in the United States, is profoundly
influenced by environmental legislation and regulation. Small changes in the
Clean Air Act can determine whether new coal-fired power plants must control
emissions of sulfur through the use of medium- and high=sulfur coal combined

Kentucky has two major coal fields, the Eastern Kentucky Coal Field which
is characterized as low- to medium-sul fur coal and the Western Kentucky Coal
Field which is predominantly high-sulfur coal. Any change in emission standards
will have a profound effect on the coal industry in Kentucky, the Nation's
leading coal-producing state. The decrease in compliance resources would be
unexpectedly high, even if the current compliance standard were made only
slightly more stringent. For example, a change in the emissjon standard
from 1.2 1bs SO0y per million Btu to 1.0 b 502 per million Btu would exclude
an additional 23 percent of eastern Kentucky resources, bringing 80 percent
into noncompliance. Therefore, it is of great importance to quantify resources
in terms of potential sulfur dioxide emissions in order to estimate the
abundance of coal meeting specified standards. '

Kentucky has about 75 billion tons of remaining coal resources (39 billion
tons in western Kentucky and 36 billion tons in eastern Kentucky). At the
sulfur dioxide emission standard of 1.2 1bs of SO2 per million Btu, the
Percentages of compliance coal are as follows: 2.5 percent in western Kentucky,
43 percent in eastern Kentucky, and only 26 percent in the State overall.

It is important to point out that these percentages do not apply to coal
as it is mined, because the data are based on ASTM channel samples. They
should be considered as representative of coal that has been subjected to a

moderate degree of cleaning.

One of the major findings of this study is that if the amount of allowable
507 were reduced slightly, the amount of resource that would qualify as com-
Pliance grade would decrease dramatically. For example, at 0.6 1b per millijon
Btu, the percent of compliance coal is virtually zero in western Kentucky, less
than 1.0 percent in eastern Kentucky, and less than 1 percent in Kentucky overall.

1Kentuck_y Geological Survey, University of Kentucky, Lexington, KY
2Kentucky Department of Energy, Lexington, KY



INTRODUCT ION

A (EPA) to develop stringent, technology-based standards for new i”dUStrig
gency

1 In 1971 the EPA promulgated their New Source Performance Standards
plants. In

i i dard se T mi
(NSPS) for steam electricity-generating plants. This standa ta limjt

on sulfur dioxide (SOp) emissions from coal-fired power plants equivalent to
1.2 pounds of soé per million Btu of heat input. This standard was Justifieq
on the basis of the best technology available for the control of 502 emissiong
(i.e., flue-gas-desulfurization devices, or scrubbers) which could reduce 309
emissions by 80 to 90 percent or to a level equivalent to or below 1.2 Tbs of
S0, per million Btu for most coals. The 1971 NSPS required that all new plants
meet the 1.2 1bs of S0, per million Btu standard; however, they were not required
to adopt scrubbers. It soon became apparent that many utilities were complying.
through the use of low-sulfur coal. In many cases this was at the expense of
Tocally produced medium- to high-sulfur coals. Due, in part, to recdgm’tion

of this fact, the Clean Air Act Amendments of 1977 required a sulfur reduction

from all utility coals, thus eliminating the bypassing of the "best technology”

through the use of compliance coa] ! The regulations adopted under this legis-
lation (the 1978 NSPS for steam e]ectricity-generating plants) retained the

1.2 1bs of S0, per mi111on Btu standard as an upper Timit, but required a minimum

of 70 percent sulfyr reduction fop all coals

Th i i
| e Clean Air Act expires at the end of 1982, and debate s now underway
" 1n Congress on itg reauthorization,

One of the Subjects receiving a great
deal of attention is the so-calieq p

ereent-reduction issue. The utility

industry and the Tow-sul fyp coal Producers would 1ike to th
see

qyction
. e percent-redu
requirement repealed :

5 0N the
other hand, the medium- ang high-sulfur producers

1 Compliance coa| May be defineq

sTandards withoyt +h 3S coal that me

X = 5 s jssion
Use of sulfur-reducﬂon IR [ o oenes

Processes such as scrubbers:
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fear this would result in the loss of their markets to compliance coal. It is
not at all clear which of these positions (or the many compromise positions
proposed) is most favorable in terms of overall national economic and environ-
mental consequences.

This debate has become €ven more complex in view of the growing concern
about "acid rain," or rain of greater than "normal" acidity and having the
potential for severe ecological consequences. The claim has been made that
utility SO, emissions play a significant role in the formation of acid rain.
This issue has become the driving force for a northeastern United States and
Canadian movement for the reduction of U. S. S0, emissions. Reductions of as
much as 50 percent have been Proposed, and any change in the law that could
result in increased SO2 emissions will be strongly resisted. Under tne present
(1978) utility NSPS most new power plants must meet an emission limit of 0.6 1b
of SOo per million Btu. If the percent-reduction requirement were repealed
and the maximum emission 1imit remains at 1.2 1bs per million Btu, the emission
standard and the potential new S0, emissions from utilities would, in effect,
be doubled.

It may then be expected that repeal of the percent-reduction requirement
would be accompanied by a significant lowering of the maximum S0, emission 1imit,
perhaps to 0.6 1b per million Btu. .

Before new standards are adopted it is important to assess the quality,
quantity, and location of coal resources that are capable of meeting various
- compliance standards. This is particularly critical in Kentucky, the Nation's
leading coal-producing state. Kentucky has two coal fields, broadly characterized
as high-sulfur coal (Western Kentucky Coal Field) and Tow- to medium-sulfur

coal (Eastern Kentucky Coal Field). This report was initiated by the Kentucky



g vide additi
Department of Energy and the Kentucky Geological Survey to pro tionai

ai-resofioe ity ‘Tor Kentucky. Specifically, the report estimates the maximyy

amount of resources present in both the Eastern and Western Kentucky Coal
Fields capable of meeting various SO, compliance standards.
APPROACH

The purpose of this study is to estimate the abundance and distribution
of coal in Kentucky meeting the EPA emissions standard of 1.2 pounds of
sulfur dioxide per million Btu. This investigation concentrates on the coal
resources of Kentucky which are defined as the total amount of coal in the
ground. Analyses of channel samples collected under American Society for
Testing and Materials (ASTM) standards were used to calculate the sulfur
dioxide emissions potential for each coal bed studied.

In order to determine the abundance and distribution of compliance coal
in Kentucky, coal resource data have been combined with data on the sulfur

and Btu content of major coal beds. The frequency distributions for sulfur

and Btu values in individual coal beds are used to apportion the coal resources

by potential sulfur dioxide emissions. The data base for this §tudy consists

of nearly 600 analyses of channel samples from the Eastern Kentucky Coal Field
and 125 analyses of channel samples from the Western Kentucky Coal Field.

Data for comparison on sulfur and Btu contents of Kentucky coals are from the

U. S. Bureau of Mines, U. §. Geological Survey,

and the University of Kentucky
Institute for Mining and Minerals Research.

Channel samples are used to characterize coal resources because:

(1) they
represent the coal in jts undisturbed state:

(2) they eliminate the random

bias caused by different mining methods; ang (3)

they show the best possible



coal quality prior to mining. Channej Samples are defined as samples of the

so that each part of the coal is sampled in proportion to its abundance in
the coal bed. Minera] partings 3/8 inch thick or rore are excluded from the
sample but are recorded in the geological description of the sample. Because
of the exclusion of certain mineral partings from the channel sample it is
also suggested that these samples may be regarded as representing partially
cleaned coal.

Nearly 70 percent of the channel samples used in this study were collected
at active mines where resource conditions, including coal quality, are expected
to be optimum for the coal bed. In order to ensure that sample collection
did not bias the results of this study, a statistical test (chi squared) was
performed on data from active mines versus data from random sites. No significant
difference was found to exist. Therefore, the method of collection of samples
does not appear to have biased the results of this study.

The potential sulfur dioxide emission for each coal bed has been calcu-
lated using a formula by Cavallaro and others (1976) where potential sulfur
dioxide emission in pounds of sulfur dioxide per million Bty equals:

20,000 x sulfur (percent)
Btu per pound

The moisture- and ash-free basis for reporting coal analyses is used in
this report. Readers should be aware that the results for sulfur and Btu
. Per pound shown in this report are higher than similar data reported in the
more familiar as-received basis. This is only an apparent difference dye to
the reporting form and not an actué? difference. Of special importance to this

report is the fact that as Tong as the same reporting form is used for sulfur



: sulfur dioxide
and Btu per pound the conversion of this data to pounds of

al analysis
per million Btu is not changed. Two examples of forms of co y

o 3 ") and conversions to
reporting ("as-received" and "moisture- and ash free") an

g n in the table,
sulfur dioxide emissions are shown in Table 1. As can be see

the sulfur and Btu values are higher for the moisture- and ash-free basis,
but the sulfur dioxide values are unchanged by the basis for reporting coal
data.

Potential sulfur dioxide emissions were calculated for 11 eastern Kentucky
coals and 3 western Kentucky coals. These coal beds represent about 75 percent
of Kentucky's total coal resources. Frequency distributions of sulfur dioxide
emissions were constructed for each coal bed. Coal resources estimates were
combined with the emissions distributions to estimate the abundance and
distribution of EPA compliance and noncompliance coal in Kentucky. The
EPA emissions standard of 1.2 pounds of sulfur dioxide per million Btu is
used in this report to distinguish compliance coal (1.2 pounds of sulfur

dioxide per million Btu or less) from noncompliance coal (greater than 1.2

pounds of sulfur dioxide per million Btu).

Composite histograms for compliance coal, sulfur, and Btu distributions

for each coal bed are given in Appendices 1 and 2 for the 14 coal beds selected.

Table 1.--Comparison of Coal Anal

: sis i :
As-Received, Moisture-Free, LoieaRenorting, Forms

and Moisture- and Ash-Free.

Moisture Volatile Fixed Ash  Sulfur Btu

S02
. Matter(%) Carbon(%) (%) (%) (per pound) (1b/106Btu
Coal Analysis Western Kentucky No. 9 Coal Bed

As-received 5.6 38.

Moisture-Free ot 40.2 38'2 g-g 2.9 12,300 4~;

Moisture- and Ash-Free --- 45.0 5.0 . §°z 13,060 2-7

Coal Analysis Eastern Kentucky Lower Elkhorn Bed . 14,500 L.

As-received 1.9 29.8

Moisture-Free S 30.3 gé'; i?-7 0.7 11,989 1-%

Moisture- and Ash-Free --_ 36.6 635 .0 3.7 12,214 %-1
5= 08 14715 :



ESTIMATING COMPLIANCE COAL IN KENTUCKY

Kentucky's total coal resources are estimated to be approximately 75
billion tons (Kentucky Geological Survey, 1982) almost equally divided between
the Eastern and Western Kentucky Coal Fields (Fig. 1). Coal resources are
defined as the tota] amount of coal in the ground without accounting for
mineability or recoverability, factors constantly changing due to technological
advancements. The frequency distribution of these coal resources with respect
to their potential sulfup dioxide emissions is shown in the histogram in
Figure 2. The histogram is constructed from nearly 725 coal analyses from
coal beds representing nearly 75 percent of Kentucky's resources. This histogram
indicates that about 26 percent of Kentucky's total resources are compliance
quality based on the emission standard of 1.2 Tbs SO2 per million Bty. The
histogram is bimodal showing the markedly different quality of coal in the
two Kentucky coal fields. -

The percentagesuof Kentucky's coal resources at various levels of potential
S0, emissions are plotted on the cumulative probability curve in Figure 3.
The purpose of this graph is to predict the percent of resources affected by
changes in the S0 emission standard for compliance coal. Questions about
the amounts of coal resources that could meet demands at specified standards
for compliance can be answered in part from the probability curve. This curve
does not address the important question about the ability of coal preparation
to increase the availability of compliance coal from Kentucky's resources
‘ (however, it must be kept in mind that the channel samples used to make these
estimates are equivalent to a partially cleaned coal).

Table 2 gives the percentages of Kentucky resources either in compliance
Or noncompliance at selected standards from 2.0 1bs S0, per million Btu to

0.6 1b SO2 per million Btu. These percentages are taken from the cumulative



Coal fields of Kentucky.

Figure 1.
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100 9

edicted
26% of Kentucky's total coal resource pr

to be of compliance quality.

-
o

Cumulative Percent of Coal Resource

Standard for Compliance Coal

It the compliance standard Is made more stringent, this

J line shifts to the left, thereby excluding resources.

If the standard is relaxed, this line shifts to the right
increasing the resource of compliance coal.
1

1.0 2.0 3.0 4.0 5.0 8.0 7.0

Pounds of Sulfur Dioxide per Million Bty

Figure 3. Cumulative Probabilyty Curve for masi
: m n
Kentucky coals with respect to the gp comp11§f,2g gi::g;gdand wester
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Table 2.--Percent of Kgntycky Coal Resources in Compliance or NoncompTiance
for Sulfur Dioxide Emissions at Selected Standards.

Kentucky Coal Resources

Compliance Standard Comp1 i
(1bs S0, per Million Btu) ?%;ance NOHC02P113”C9
2.0 43 57
1.6 37 63
1.4 33 67
1.2 26 74
1.0 15 85
0.8 4 96
0.6 <1.0 >99

Table 3.--Percent of Eastern Kentucky Resources in Compliance or Noncompliance
for Sulfur Dioxide Emissions at Selected Standards.

Eastern Kentucky Coal Resources

Compliance Standard Compliance Noncompliance
(1bs S0, per Million Btu) (%) (%
1.6 61 39
1.4 56 44
1.2 43 57
1.0 20 80
0.3 5 95
0.6 <1.0 >99

Table 4.--Percent of Western Kentucky Resources in Compliance or Noncompliance
for Sulfur Dioxide Emissions at Selected Standards.

Western Kentucky Coal Resources

Compliance Standard Compliance Noncompliance
(1bs S0, per Million Btu) (%) (%)
2.0 5.2 94.8
1.6 4 96
1.4 3 97
1.2 205 97.5
1.0. <1.0 >99
0.8 0 100
0.6 0 100
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probability curve (Fig. 3). With a compliance standard of 0.6 1b S0; p?r
million Btu, less than 1 percent of Kentucky's coal resources would be in
compliance. It should be kept in mind that only a fraction of the coal
resources is actually mineable because of legal, cultural, technical, and
geological obstéc]es. Likewise, the use of data from ASTM channel samples
tends to reflect coal of better quality than what is actually mined; therefore,
estimates of resources in compliance at any standard would be optimistic.
ESTIMATING COMPLIANCE COAL IN THE EASTERN KENTUCKY COAL FIELD

The Eastern Kentucky Coal Field has about 36 billion tons of remaining coaj
resources (R. Brant, Kentucky Geological Survey, personal commun., Sept. 1982),
The frequency distribution for these resources with respect to their potential
sulfur dioxide emissions is given in Figure 4. Figure 4 is a composite of data
for 11 coal beds: the Richardson, Broas, Peach Orchard, Hazard, Fire Clay,
Amburgy, Upper Elkhorn No. 3, Upper Elkhorn No. 2, Upper Elkhorn No. 1, Lower
Elkhorn, and Manchester. Histograms showing the frequency distribution for
sulfur, Btu, and compliance coal for all the individual coal beds included in
Figure 4 arergiven in Appendix 1.

The histogram in Figure 4 shows that about 43 percent of the resources in

eastern Kentucky are in compliance under the EPA emission standard of 1.2 1bs
302 per million Btu.

" can be determined from the Probability cupye

the percent of resources either in compliance

Or noncompliance given various
standards for S0, emissions Per million Bty
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With a compliance standarg of 1.2 1bs S02 per million Bty, 43 percent of
eastern Kentucky resources would be ip compliance. At a compliance standard
of 0.6 1b S02 per million Btu, less than 1.0 percent of eastern Kentucky coal
is in compliance. Although the coal resources of the Eastern Kentucky Coal
Field are estimated to be 36 billion tons, only a fraction of the resources
are mineable because of natural and manmade constraints. Therefore,one should
not assume that 1 percent of the 36 Billion tons of resources would be avai]-
able compliance coa] under an emissions standard of 0.6 1b S0, per million
Btu. The actual amount would be significantly Tess.

ESTIMATING COMPLIANCE COAL IN THE WESTERN KENTUCKY COAL FIELD

The Western Kentucky Coal Field contains about 39 billion tons of remaining
resources (Smith and Brant, 1980). The frequency distribution of these
resources with respect to their potential sulfur dioxide emissions is shown
in Figure &. Figure 6 is a composite of data from 3 coa] beds, the Western
Kentucky No. 11 (Herrin), the Western Kentucky No. 9 (Springfield), and the
Western Kentucky No. 4. Frequency'distributions for sulfur, Btu, and compliance
" coal for these coal beds are provided in Appendix 2.

The cumulative probability curve for western Kentucky resources is given
in Figure 7 which shows that only about 2.5 percent of western Kentucky
Pesoﬁrces aré in compliance with a standard of 1.2 1bs S0y pef million Btuy.

" The amount of coal resources affected by changes in the EPA compliance standard
can be estimated from the probability curve. However, the total amount of

resources in compliance at 1.2 lbs SO, per million Btu is so o that almost
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compliance or noncompliance at selected emission standards. The Potentia)
effects of legislated compliance standards for coal is nowhere better
illustrated than for the resources of western Kentucky. Of the approximate]y
39 billion tons of remaining coal resources in western Kentucky, only 2.5
percent are in compliance at the standard of 1.2 1bs 502 per million Btu.
With a compliance standard of 0.8 1b 302 per million Btu or less, the entire

western Kentucky resource would not be considered compliance coal.

DISCUSSION OF FINDINGS
Several reports on the coal-quality characteristics of coals in Kentucky
contain 1imited amounts of analytical data for coals in specific areas (Dowd

and others, 1951a and b; Dowd and others, 1952; Wallace and others, 1953;

Wallace and others, 1954a and b). Another attempt to characterize coal resources

in Kentucky made by Cavaliaro and others (1976) was based on only 35 coal-bed

samples from three states. Watts (1981) attempted to characterize coal used

Py utilities, including that from Kentucky, on tpe basis of quality charac-

The estimateq distribution of compliance coal in

°d by analyses of tipple samples of uncleaned

ars 1970 to 1976 (U. S. Bureay of Mines, 1971,

3 Janus, 1975, 1976, 1977).



to the data from these Sources 1in order tq make this comparison. Table 5

gives the results of the comparison. The present study predicts greater

and more uniform distributions, it provides a better representation of the
coals in Kentucky than the previous investigations. The sources of data in
the present and previous studies--qua]ity data from channel samples and coal

de]iveries--may tend to Overestimate the amount of compliance coal.

Extrapolated from Other Coa]-Qua]ity Studies. Comparisons
are Based on Percent of Resources (R) or Production (P)
Meeting the 1.2 1ps SO, per million Bty Standard.

. : Eastern Western Entire
Source : Kentucky Kentucky State
Present Study . (R) 43 2.5 26
Cavallaro and Others 2 (R) 35 <1 —
U. S. Bureau of Mines P (P) 3 0 -
U. S. Department of Energy © (P) 385 0.4 24

—————— e

4 Data for comparison extrapolated from Cavallaro and others (1976). (See
References Cited.)

y Data extrapolated from Janus (1975, 1976, 1977), Janus and Shirley (1973,
1974), and U. S. Bureay of Mines (1971, 1972). (See References Cited.)

© Data extrapolated from Watts (1981). (See References Cited.)

SUMMARY
Coal-quality data and coal-resource data have been combined in this
report to estimate the maximum resources of compliance coal for selected
Sulfur dioxide emission standards. At the EPA standard of 1.2 Tbs S0, per

million Btu, the percentages of coal resources in compliance in Kentucky are:




20

1 5 percent for the We
43 percent for the Eastern Kentucky Coal Field, 2.5 pe Sterp

Kentucky Coal Field, and 26 percent for Kentucky overall. If the compT iance
standard is reduced to 0.6 1b SO per million BtU, UiEiperceniagE o f COmpT iane
resources in Kentucky will drop significantly to Tess than 1 percent fop the
Eastern Kentucky Coal Field and zero for the Western Kentucky Coal Fielq,

One of the most important findings of this study is the recognitigp
that any reduction in the amount of allowable sulfur dioxide from 1.2 1bs
S0p per million Btu would eliminate a large percentage of Kentucky's coal
resources from compliance. The curves of the cumulative probability plots
for Kentucky's combined resources and for the Eastern Kentucky Coal Fielq
(Figs. 3 and 5) are such that the current standard of 1.2 1bs 302 per million
Btu is at the points of maximum change in slope. Therefore, even a small

decrease in the emission standard impacts a large percentage of coa] resources

in Kentucky.
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APPENDIX 1

HISTOGRAMS SHOWING DISTRIBUTION OF COAL RESOURCES I RELATION
TO POTENTIAL SULFUR DIOXIDE EMISSIONS AND SULFUR AND Btu
CONTENT FOR ELEVEN PRINCIPAL EASTERN KENTUCKY COALS
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APPENDIX 2

ES IN RELATION
HISTOGRAMS SHOWING DISTRIBUTION OF COAL RESOU?SLFUR S
T0 POTENTIAL SULFUR DIOXIDE EMISSIONS AND UCKY COALS
CONTENT FOR THREE PRINCIPAL WESTERN KENT

CONTENTS

i .11
Distribution of coal resources in the Western ?ent#gﬁi g?oxide
(Herrin) coal bed in relation to potential su

emissions ..........................................................

Sulfur percentage and Btu content for the Western Kentucky No. 11
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KENTUCKY GEOLOGICAL SURVEY 1982
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