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ABSTRACT

Thirty-nine coal samples were collected from operating coal mines in the
Lakhra (37 samples) and Meting-Jhimpir (2) coé] fields of the South Sind
region, Pakistan. The samples represent 29 different coal mines, were
obtained from operating faces, and were collected and analyzed in accordance
with the standards established by the American Society for Testing and
Materials.

Statistical appraisgl of the analytical results indicates that the bulk
of the coal currently being mined in the South Sind region has an apparent
rank of subbituminous C with hiéh sulfur (4 percent) and medium ash (15
percent) contents. The gene?afized'c;;;ical and physical characteristics on
the as-received basis are as follows: moisture, volati]é matter, and fixed
carbon are each about 28 percent; and heat value is about 7100 Btu/1b.

The study is a beginning in valid characterization of the Early Tertiary

coals of southern Pakistan.



INTRODUCTION

Background

The coal samples described herein were collected and analyzed as part of
the Coal Resource Exploration and Assessment Program (COALREAP) that is
Component 2a.of the Energy Planning and Development Project. Component 2a is
being conducted by the Geological Survey of Pakistan (GSP) with assistance
from the U.S. Geological Survey (USGS) under financing of the Government of
Pakistan and the U.S. Agency for International Development (USAID).

Field Work

Coal quality studies in the Lakhra coal field were initiated in July
1985, with a mine sampling program. F.0. Simon of the USGS and Rafiq Ahmed
Khan of the GSP, with the assistance of other geologists from GSP and the
Water and Power Development Authority of Pakistan (WAPDA), sampled 27 mines in
the Lakhra field and two mines in the adjoining Meting-Jhimpir coal field.

The samples were collected from active mining faces in operating coal mines in
accordance with the specifications for collection of samples listed in
Standard D388-84 of the Standard Clasgification of Coals by Rank of the
American Society for Testing and Madterials (ASTM). The samples are,
therefore, called "bed samples" or "face samples" as discussed in Standard
D388, Section 7. Sampling (ASTM, 1986). The samples were collected, bagged,
transported, stored, and handled in the approved manners to provide credible
analytical results.

Analytical Work

Upon arrival at the coal analytical laboratory in the United States, the
samples were split to create equally representative samples. One sample split
was immediately entered into the analytical process to produce the determinations
presented in this report. Another sample split was sent to the USGS laboratory for
determination of major-, minor-, and trace-element contents.

The analytical work reported herein was done in the laboratories of
Geochemical Testing Incorporated in Somerset, Pennsylvania, under the
leadership of F.E. Walker (who was in charge of the U.S. Bureau of Mines coal
laboratories in Pittsburgh, Pennsy]van1a, prior to the demise of that world-
famed facility).
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COAL IN PAKISTAN

Coal is known in 23 different coal fields, areas, and occurrences in
Pakistan (fig. 1). Some of the known coal fields have been exploited for more
than 100 years, and some of the fields expected to be increasingly important
in Pakistan's energy future are still in the early stages of exploration.
Total recoverable reserves of Pakistan are estimated at approximately 800
million tons (table 1). The estimate is conservative but cannot be
significantly improved without additional definitive information.

The annual coal production of Pakistan is now estimated to be 2 million
tons or more. Production in 1947 was about 350 thousand tons. The reason for
the increase rests with increased demand for coal by the brick-making
industry, which uses an estimated 80 to 90 percent of annual coal production
at present. This demand is expected to increase at an annual rate of 2 to 5
percent as the economic development of the country continues. Only 15 MW of
the total electrical generating capacity of the country is created using
coal. The total electricity generating capacity of Pakistan is about 5,000 MW
and there are predictions that 9,000 MW will be needed in the near future. If
coal alone supplied even one-quarter of the energy for such an increase in
capacity, the annual coal production of Pakistan would have to increase by a
factor of 2 or 3 (5 to 6 million tonsh annually.

The coal in Pakistan is largely lignite A to subbituminous C in rank
according to ASTM standards (1986), though small quantities reach a rank of
high-volatile A bituminous. The coals characteristically have medium- to
high-ash and high-sulfur contents. Beneficiation studies to date have not
produced economically acceptable results. Combustion in fluidized beds is a
relatively new technology that promises to allow use of high-ash and high-
sulfur coals with, perhaps, fewer technologic or environmental problems. The
range of quality characteristics of Pakistan's coal has not been established
and much remains to be learned. Effective utilization of coal is almost
completely dependent on the physical and chemical properties of the coal.
This report is intended to be the first of similar studies that will provide
the credible data base needed for increased efficient and economic use of the
coals of Pakistan.

South Sind Coal Area

The samples whose analyses are reported herein are from the Lakhra and
Meting-Jhimpir coal fields, which are parts of the South Sind Coal Area. This
large coal region is included in the Hyderabad Division of Sind Province. At
this time, it is not known how much of the Hyderabad Division is underlain by
potentially coal-bearing rocks. The Division includes almost 90 thousand
square kilometers, and if one-quarter is underlain by rocks that might contain
coal, the area and potential coal resources are large. Table 2 summarizes the
available information about the parts of the South Sind Area known to contain
coal at this time.

Two rock units are known to contain coal in the area - the Ranikot Group
of Paleocene age and the Sohnari Member of -the Laki Formation of Eocene age.
The resource potential of the Ranikot Group is large because the unit is known
to be present, and to contain coal, over very large areas. The Sohnari Member
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Figure 1. Location of Pakisfan coalfields and occurrences.
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Table 2. South Sind Coal Area

(MT = million metric tons, m = meter, leaders (---) = no data,
others as indicated)
Lakhra Northwest Meting- Sonda Indus
Lakhra Jhimpir East
Estimated demon-
strated recover-
able reserves 100 MT -— 8 MT 124 MT -—
Depth of deepest
reported coal 460 m --- 500 m 260 m 550 m
Depth of present
mines <130 m --- 150 m —-—— ——
Average annual
production 0.3 MT --- 0.4 MT -—- -—-
Coal Quality Range:
Moisture (percent) 13-39 _—— 23-37 9-40 —
Ash (percent) 7-25 - 8-17 5-39 ---
Sulfur (percent) 2-6.5 - 3-5 0.4-5.6 -
Heat value - KC/kg 2600-4990 - 3470-4290 3600-5700 -—
- Btu/1b 4680-8980 - 6250-7720 6480-10260 ---
Rank _ 1igA-subC - 1igA-subC  1igA-subC -—-
Potential Utilization
Electricity yes ' --- yes yes -—
Brick-making yes - yes yes -
Cement manufacture ? J— ? ? -
Process and direct
heat yes - yes yes -
Briquettes yes - ? ? -—
Other conversions ? - ? ? -—-




is known to contain coal only in the Meting-Jhimpir coal field, though there
are ambiguous indications that coal may be present in the Sohnari or
equivalent age units in other parts of the area-also.

The Ranikot Group is reportedly almost 1,000 meters thick in an oil
exploration drill hole on the Lakhra anticline but is not as thick in most
parts of the area. The variation in thickness is caused by differences in the
original depositional thickness, erosion prior to the deposition of the
overlying Sohnari Member, and erosion now and in the recent past.

The Sohnari Member is commonly only a few tens of meters thick, but it is
not present. everywhere. The regional distribution and geologic h1story of the
Sohnari are poorly understood, and a regional study of the area would help
understand the distribution of Eocene age coal in Sind.

.The Ranikot Group is known to contain coal at depths of as much as 550
meters beneath the surface in the South Sind area. In the area where the
Ranikot is being actively mined at present, the mined coals are seldom more
than 100 meters deep. The Sohnari is within 100 meters of the surface in most
of the area where it is now mined.

The perceived coal resource pqotemtial of the area is based on scant and
very poorly distributed information. Much information has been developed for
mine planning in one small part of the area; the other part is sparsely
explored and its total resource potential cannot be evaluated to the necessary
degree of assurance for utilization planning.

The area lies across the primary transportation artery of Pakistan, which
extends northeast from Karachi along the Indus River and eventually to
Lahore. Not only are the roads, railroads, people, irrigation systems, main
industries, and light industries concentrated along this major artery, which
is a wide belt in the Five Rivers Area of eastern Punjab, but major parts of
the national electrical grid are also concentrated there (see Survey of
Pakistan, 1985). The coal-bearing parts of the South Sind region might be
able to supp]y the necessary thermal energy to produce most of the future
electricity needed by the country.

Lakhra Coal Field

The Lakhra coal field in the southern part of Sind Province lies along
the crest of a north-trending anticline that is about 65 kilometers long and
about 16 kilometers wide. The currently exploited Lakhra field comprises an
area of about 200 square kilometers in which the Ranikot group contains many
coal beds, several of which are fairly persistent. The beds currently mined
are as thick as 3.35 meters and average about 1.5 meters thick. In most of
the field, the rocks dip at less than 6° so that the only major mining
problems caused by structure are the offsets of the coal beds by movement
along north-trending normal faults.

The field has been mined since about 1959 (though initial mining attempts
occurred as much as one hundred years previously) and a large number of small,
naturally ventilated, unmechanized, relatively shallow mines have operated in
the central part of the field. The 37 samples obtained for this quality
characterization study were collected in operating mines, most operated by
private compan1es )



Samples collected and analyzed previously according to ASTM standards
were reported by Landis and others (1973). A large number of other samples
have been collected and analyzed in the past but non-standard collection and
sample-handling methods render most of those analytical results uncomparable
and uninterpretable. The results obtained during recent feasibility studies
in a small segment of the Lakhra field by the John T. Boyd Company should be
very reliable but the sample-collection area is small. Extension of the
results of that small-area study to larger parts of the field might be
unwarranted.

Meting-Jhimpir Coal Field

The coal of the Meting-Jhimpir field occurs in the Sohnari Member in the
Towest part of the Laki Formation. Generally only one thin minable bed is
present. Seldom more than 1 meter thick, the bed averages about 0.5 meter in
the mining area. Only about 40 thousand tons are produced in the field
annually. Only two mines were sampled during this effort and those two
samples are added to the 37 samples from the Lakhra field as part of this
study.

SAMPLES
. vm'

Each of the analyzed samples has acquired three different number
designations during the collection and analysis sequence. Table 3 lists the
39 samples and the pertinent U.S. Geological Survey (USGS) laboratory number,
the field collection number, and the Geochemical Testing (G.T.) laboratory
number. Henceforth in this report all samples will be discussed according to
the USGS laboratory number. '

Sample Sources

Thirty-seven of the 39 samples were collected from operating mines; the
other two samples were collected in a mine that had been idle for 2 months
prior to sampling. A total of 29 different mines were sampled (table 4).

This sample suite is the most comprehensive ever collected in the Lakhra
coal field (or any other coal field in Pakistan). However, the results must
still be considered as preliminary with respect to a complete understanding of
the quality of the coal in the Lakhra field. For example, only one location
was sampled within each of the 29 mines, whereas section 7.1 of the Standard
Classification of Coals by Rank, D388-84 (ASTM, 1986), states that to classify
a coal bed requires a minimum of "... three and preferably five or more
face samples taken in different and uniformly distributed localities, either
within the same mine or closely adjacent mines representing a continuous and
compact area not greater than approximately four square miles in regions of
geological uniformity." More information points (sample localities) would be
necessary to satisfy the cited standard.

The derived statistical appraisal of the analytical results presented in
this report must be viewed as a beginning to understanding, not the end.



Table 3.--USGS laboratory numbers and corresponding field and

Geochemical Testing (G.T.) laboratory numbers for
39 samples of coal from Pakistan,

USGS LAB NO. FIELD NO. G.T. NO.

W233048 85LK001A U12570
W233049 85LK001C U12571
W233050 85LK002A U12572
W233051 85LK003 U12573
W233052 85LK004A U12574
W233053 85LK004B U12575
W233054 85LK005 U12576
W233055 85LKO006A U12579
W233056 - - 88LKOO6B U12580
W233057 85LK007 U12581
W233058 85LK008A U12582
W233059 85LK008B U12583
W233060 85LK009A U12584
W233061 85LK009B U12585
W233062 85LK010 U12586
W233063 85LK011 U12587
W233064 85LK012A U12588
W233065 85LK012B U12589
W233047- 85LK012D U12590
W233066 85LK013 U12591
W233210 85LK014 U12623
W233211 85LKO015 U12624
N233212 85LK016A U12625
W233213 85LK016B V12626
W233214 85LK017A u12627
W233215 85LK017B U12628
W233216 85LK018 U12629
W233217 85LKO019 U12630
W233218 85LK020 U12631
W233219 - 85LK021 u12632
W233220 85LK022 U12633"

9



Table 3.--USGS laboratory numbers and corresponding field and

geochemical Testing (G.T.) laboratory numbers for

39 samples of coal from Pakistan--Continued

USGS LAB NO. FIELD NO. G.T. NO.
W233221 85LK023 U12634
W233222 85LK024 U12635
W233223 85LK025 U12636
W233224 85LK026A U12637
W233225 85LK027A U12638
W233226 85LK027B U12639
W233208 85MT001 U12621
W233209.  85MT002 U12622

10



Table 4.--Source and character of samples

USGS 1ab No. Source of sample Lithology  Thickness
ft (m)

W233048 Gul Mine No.11 (Habibullah) Coal 1.8 (0.53)
Lower bench; parting [0.1(0.04)] not sampled

W233049 mmm=d0=mmmmmmmmmmmmmam——ama——- Coal 5.0 (1.5)

- Upper bench

W233050 Indus Mine No. 2A Coal 8.8 (2.7)
Face channel; total bed

W233051 Mumtaz Mine No. 44 (Habibullah) Coal 9.6 (2.9)
Face channel; Tower part of 10.0(3.0) bed

W233052 National Mine No. 44 Coal 8.9 (2.7)
Lower bench e

W233053 mmmed0mmmmm e m e aaas Parting 0.3 (0.09)
Parting; upper bench [0.5(0.15)] not sampied

W233054 Faiz Mine No. 11 Coal 9.1 (2.8)
Face channel; total bed |

W233055 Delux Mine No. 1A Coal 2.9 (0.89)
Lower bench; no parting

W233056 1 U Coal 4.9 (1.51)
Upper bench; uppermost 0.6(0.18) of bed not sampled

W233057 Baluchistan Mine No. 13 Coal 3.3 (1.0)
Face channel; total bed

W233058 PMDC Mine No. 2 Coal 4.3 (1.3)
Lower bench; no parting

W233059 e [ B T Coal 5.8 (1.8)
Upper bench; uppermost 0.4(0.12) of bed not sampled

W233060 M. Amin Bros. Mine No. 5/MC-10 Coal 2.4 (0.74)
Lower bench; no parting

W233061 S 1 TSRS SR R S Coal 5.3 (1.6)
Upper bench; uppermost 0.6(0.18) of bed not sampled X

W233062 Amin Mine No. 5-A Coal 4.5 (1.4)

Face channel; lower part of 5.5(1.71) bed

11



Table 4.--Source and character of samples--Continued

usSGS Tab No. Source of sample Lithology Thickness
ft (m)

W233063 . Sind Mine No.5 Coal 4.5 (1.4)
Face channel; total bed :

W233064 Ch M. Igbal Mine No. 9 Coal . 4.6 (1.4)
Lower bench; no parting

W233065 e [ e el Coal 5.9 (1.8)
Upper bench; clay band [0.4(0.12] on top not sampled

W233047 —===d0-=-cmmccmanao mem—mm—————ae- Shaley coal 0.8 (0.24)
Nominal roof at sample location

W233066 Inam Mine No. 28 (Habibullah) Coal 5.8 (1.8)
Face channel; total bed -

. . ,. & < *
W233210 Igbal 4C-413 Mine (Habibullah) Coal 4.4 (1.3)

Face channel; lower part of 4.5(1.34) bed

W233211 Khalid-B-2 Mine (Habibullah) Coal 3.9 (1.2)
Face channel; total bed

W233212 Baluchistan No. 6 Mine Coal 2.7 (0.83)
Lower bench; no parting

W233213 S Coal 3.6 (1.1)
Upper bench; uppermost 2.1(0.64) of bed not sampled

W233214 Ghapfar No. 26- Mine (Habibullah) Coal 1.8 (0.53)
Lower bench; no parting

W233215 ¢ [ L e Coal 4.8 (1.5)
Upper bench; uppermost 0.4(0.12) of bed not sampled

W233216 Indus No. 6 Mine Coal 4.1 (1.3)
Face channel; lower part of 4.8(1.5) bed

W233217 Hamza No 37 Mine (Habibullah) Coal 4.9 (1.5)
Face channel; total bed .

W233218 Tauseef No 22. Mine (Habibullah)  Coal 3.3 (1.0)
Face channel; lower part of 3.5(1.05) bed

W233219 ) Amin Bros. No. 3-MC/10 Mine Coal 3.9 (1.2)
Face channel; total bed

W233220 Indus No. 1 Mine Coal 6.0 (1.8)
Face channel; total bed

12



Table 4.--Source and character of samp]eé--Continued

USGS 1ab No. Source of sample Lithology  Thickness
ft (m)

W233221 National Mine No. 1 ~ Coal 5.8 (1.8)
Face channel; lower part of 6.0(1.85) bed -

W233222 Baluchistan No. 14 Mine Coal 3.2 (0.99)
Face channel; lower part of 3.4(1.04) bed .

W233223 PMDC Mine No. 1 Coal 5.1 (1.6)
Face channel; lower part of 5.2(1.64) bed

W233224 PMDC Mine No. 3 Coal 3.0 (0.92)
Face channel; total bed-

W233225 PMDC Mine BF-11 Shaft (idle) - Coal 6.4 (2.0)
Lower bench; no parting. -«

W233226 O Coal 1.8 (0.56)
Upper bench; uppermost 1.1(0.33) of bed not sampled

W233208 Amin Bros. No. 22-C Mine Coal 1.8 (0.55)
Face channel; total bed

W233209 Lalazar Mine (National) Coal 2.6 (0.80)

Face channel; total bed

“13



Sampling Methods

As required by the Standard Classification of Coals by Rank, D388-84
(ASTM, 1986), samples to be used to classify coals should be collected in
accordance with specified methodology (Holmes, 1911; Schopf, 1960).

Standards for collection of low rank coals that will be classified on the
"moist" basis "... that is, inclusive of its natural compliment of inherent or
bed moisture, ..." require that the samples be taken "... in a manner most
1ikely to preserve inherent moisture for purposes of analysis." (D388-84,
ASTM, 1986). Obviously, the manner in which samples are packed, shipped, and
stored prior to analysis is extremely important in the total process. The
elapsed time between collection and analysis is also important, especially for
the low-rank coals (Hobbs and others, 1983).

Twenty of the samples (table 4) are face channel samples that represent
all or most of the coal bed at the sampled point. Presumably, the samples did
not include any megascopically visible non-coal material more than about 1
centimeter in thickness. However, lighting in many mines commonly does not
allow discrimination of units as thin as 1 centimeter, and the samples
reported upon herein may include non-coal partings as thick as 3 centimeters.
This estimate is based solely on the &att that the thinnest parting reported

in the descriptions of the samples is 4 centimeters thick.
SUMMARY OF ANALYTICAL RESULTS

Table 5 presents a statistical appraisal of the results of the chemical
and physical testing done on the 39 samples collected for this report. The
arithmetic mean, standard deviation, observed range, geometric mean, and
geometric deviation are given for the results of the proximate and ultimate
analyses and for the heat value, forms of su]fur, apparent specific gravity,
and Hardgrove grindability.

Statistical appraisal of coal-analyses data commonly yields several
values. Study of the frequency distribution of the data-mass can yield a
"range", or spread of values. The range is thus an expression of what may be
expected as the difference between the smallest and greatest value of a
measured physical or chemical property of a material. However, grouping by
frequency distribution alone is seldom adequate, and description of groups of
data by numbers that represent the typical values of the individual groups of
data is required. These measures of the central tendency or averages take
several forms.

The arithmetic mean is by far the most commonly used measure of the
central tendency because it is easily derived and understood and is fairly
reliable. Much less commonly used is the geometric mean because it is not so
easily derived nor commonly understood. However, extreme high and low values
do not affect the geometric mean as much as they affect the arithmetic mean.
In general, the geometric mean will equal or be less than the arithmetic mean.

While the arithmetic and geometric means may satisfy most central-
tendency requirements, a measure of probable departure from the mean is
sometimes. desirable. The standard deviation is a commonly used measure of
dispersion. In a normal distribution, about 68.3 percent of the observations

14



Table 5.--Statistical appraisal of 39 coal samples, on the as-received basis,
values in weight percent, except heat value, apparent specific gravity,
and Hardgrove Grindability Index

~ Arithmetic Standard Observed range Geometric Geometric
mean deviation Minimum Maximum mean deviation

Proximate and ultimate analyses

Moisture 28.2 2.9 22.4 34.5 28.1 1.1
Volatile 28.4 2.8 21.8 33.0 28.3 1.1
matter :
Fixed 27.2 3.1 18.8 35.7 27.5 1.1
carbon .
Ash 15.7 5.6 6.7 32.4 14.8 1.4
Hydrogen 6.3 4 5.4 6.9 6.2 1.1
Carbon 39.6 4.8 26.3 50.2 39.3 1.1
Nitrogen .75 .1 .54 .97 74 1.1
Oxygen —— 33.5 -2.7 » ™'26.5 38.9 33.3 1.1
Sulfur 4.3 1.3 2.5 9.0 4.1 1.3
Heat value 7100 875 4680 8980 7050 1.1
(Btu/1b)
Sulfate .42 .32 .10 1.53 .33 2.0
sulfur
Pyritic 2.7 1.0 1.6 5.9 2.6 1.4
sulfur .
Organic 1.1 .5 .1 2.6 - 1.0 1.7
sulfur
Apparent 1.4 .1 1.2 1.7 1.4 1.1
Specific
Gravity
Hardgrove 70 656 80 70 1.1
Grind- 4
ability
Index
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lie within the range of values between the arithmetic mean plus or minus the
standard deviation, and about 95 percent of the observations lie within the
range of values between the arithmetic mean plus or minus 1.96 times the
standard deviation (Belarmino and others, 1976, p. 67). If, however, the
distribution is not normal, a logarithmic analysis results in the most
meaningful measure of the central tendency and the possible dispersion of
observed values. The geometric deviation is the antilogarithm of the standard
deviation of the logarithms of the observed values. About two-thirds of the
observed values should lie within the range of values between the geometric
mean divided by the geometric deviation and the geometric mean multiplied by
the geometric deviation. About 95 percent of the observed values should lie
with the range of values between the geometric mean divided by the square of
the geometric deviation and the geometric mean multiplied by the square of the
geometric deviation (Connor and others, 1976).

For example, the arithmetic mean moisture value for the 39 samples
appraised herein is 28.2 percent. Assuming a normal distribution, applying
the standard deviation of 2.9 percent, about 95 percent of observed values
should lie within the range between 22.5 and 33.9 percent. According to
logarithmic analysis, the geometric mean moisture value for the 39 samples
appraised herein is 28.1 percent, and applying the geometric deviation of 1.1,
about 95 percent of observed va]ues should be within the range between 23.2
and 34.0 percent. ‘

An extremely voluminous Titerature exists on the evaluation of the
meaning, significance, and usability of analytical results such as presented
in this report. Among many such reports available, those of Rees (1966) and
Speight (1983) are excellent examples. The annual Book of ASTM Standards (for
example, ASTM, 1986) is invaluable for an understanding of what the derived
and measured values represent and for interpretation of these analytical
results.

STANDARD COAL ANALYSES

Tables 6 and 6A present the results of the proximate and ultimate
analyses of the 39 samples discussed in this report plus determinations of the
heat content, air-dried loss, forms of sulfur, free-swelling index, and ash-
fusion temperatures. Each of these quality characteristics will be briefly
described and evaluated in following sections of this report in the order in
which they are presented in table 5. The analytical results as reported by
the laboratory are presented in appendix B.

Proximate Analysis

The moisture, volatile matter, fixed carbon, and ash in coal are derived
by application of standardized analytical procedures (D3172) to samples as
described in American Society for Testing and Materials Volume 05.05 Gaseous
Fuels; Coal and coke (annual volumes).

Moisture

In all coals, but especially in those of low rank, determination of
moisture content is an extremely critical part of the analytical sequence.
Commercial evaluation of coal for utilization and valuation is commonly done

”~ ~
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{Results Tisted by USGS laboratory sample numbers, each with entries on three

bases: first line, as received; second, moisture-free; and third, moisture-

and ash-free. Samples analyzed by a commercial testing laboratory using ASTM

standards. All figures are percent unless otherwise indjcated;]
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- PROXINATE -ANALYSIS ULTINATE ANALYSIS HEAT OF CONBUSTION:
SANPLE VOLATILE  FLIED T o
NUNBER MOISTURE  MATTER  CARBON ASH  HYDROGEN CARSON . NITROGEM  OXYGEN  SULFUR  KCAL/KE  BTU/LB
.(USGS)- : - .
233048 28.4 28.3 3.5 11.8 bt “.2 0.8 32.4 44 4,340 7,810
- 39.5 4.0 16.5 4l 61.8 1.1 9.9 6.2 6,060 10,910
——— 2.3 52.7 - 5.5 73.9 1.3 11.9 7.4 7,250 13,050
233049 30.2 2.8 %58 19.2 b.1 35.5 J 35.2 3.3 3,470 6,250
-— 35.5 37.0 21.5 4.0 50.9 1.0 120 = 47 4,970 8,950
- 9.0 51.0 --- 5.5 70.2 1.4 165 ' b4 6,860 12,340
¥233050 33.3 25.7 7.0 - 43.9 » b 3.7 .8 3. 3.5 3,710 6,680
T - 38.5 0.6 20.9 4.3 54.6 1.1 11, © 8.3 5,570 10,030
- 18.7 51.3 --- 5.5 1.6 1.4 14, 6.7 7,000 12,680
233051 26,0 25.9 22.3 2.7 5.6 3.3 .5 3.7 4.0 3,200 5,770
- 35.1 30.1 34.8 3.6 3.7 9 11.6 5.4 4,330 7,800
-— 53.8 " 48,2 - 5.6 67.0 1.3 17.9 8.2 6,640 11,950
233052 29.9 - 26,2 25.8 18.1 6.3 36.5 b .7 3.7 3,400 6,490
- 31.3 34.8 25.8 43 52.0 .9 1.6 5.3 5,140 9,250
- 50.3 49,7 --- 5.8 70.2 1.2 15.6 1.2 6,930 12,470
233053 27.0 21.9 18.8 32.4 5.5 26.3 .5 32.9 2.5 2,600 4,680
- 29.8 25.7 TN 3.4 36,9 .7 12,0 3.4 3,560 . 6,410
- 53.7 44.3 -—- 6.2 64.9 1.3 21,6 6.1 6,400 11,530
A
233054 3.7 25.4 26.8 16.0 6.3 35.9 J 36.4 \7 3,600 6,480
- 3.3 39.3 23.5 i1 52.4 1.1 12.0 7.0 5,270 9,490
— 4.7 51.3 -— 5.3 68.5 1.4 15.7 9.1 6,890 12,400
¥233055 21.3 28.4 26.1 18.1 b.1 8.9 .7 32.9 3.3 3,890 7,000
- 39.1 35.9 25.0 4.2 53.5 1.0 11.8 L 5,350 9,630
- -§2.1 7.9 --- 5.4 1.3 1.3 15.8 6.1 7,130 12,840
233056 25.7 4.9 2.1 26.4 .57 32.7 .6 0.7 3.7 3,210 5,780
--- 33.6 30.6 - 35.9 3.8 4.1 .9 10.5 5.0 4,330 7,790
--- 52.4 a1.6 5.9 68.7 f.4 16.3 1.7 6,740 12,140
¥233057 30.8 4.4 28.0 - 16.8 6.2 35,1 7 34.9 5.6 3,570 6,420
- 35.3 40.4 24.3 4.1 S51.7 1.0 10.8 8.2 5,160 9,290
4.4 3.4 e s.4 68.2 1.3 14.3 10.8 6,810 12,270
233058 3.3 21.1 29.1 12.4 b.b 40.0 7 35.8 .5 3,960 7,130
-e> 39.5 2.4 18.0 ') 58.2 1.0 7 1.4 b.6 5,770 10,330
- 48.2 51.8 --- 5.6 7.0 1.2 14.1 8.1 7,030 12,680



Table 6.7-Engx]mj;g ang ultimate analyses gng hggt gontentg for 39 coal
samples from Pakistan.--continued

PRO"!MTE ANALYSIS ULTINATE ANALYSIS HEAT OF COMBUSTION
SAMPLE VOLATILE FIXED
NUMBER HOISTURE NATTER CARBON ASH HYDROGEN  CARBOM NITROGEN  OXYGEN SULFUR  KCAL/K6  BTU/LB
(USGS)
W233059 30.4 26.2 28.5 15.2 6.4 38.1 0.7 36.7 2.9 3,800 6,840
- 37.5 40.7 21.8 LN 4.5 1.0 142 41 5,40 9,780
aae 47-9 520‘ - 3.7 69-6 ‘-3 w-l 3.3 6,950 12'500
W233060 30.4 28.3 30.4 10.7 4.6 4.5 Jd 38.3 LI 4,270 7,690
-—- 40.8 3.8 15.5 4.6 59.49 1.0 13.2 5.9 4,150 11,080
--- 8.2 il.8 -=- 5.4 10.7 1.2 13.6 1.0 7,280 13,100
N233041 30.5 20.1 28.1 13.3 6.3 40.4 .8 35.5 3.6 4,000 7,210
- 40.5 40.4 19.1 4.3 8.1 L1 12.1 3.2 §,740 10,370
- 0.1 49.9 == 5.6 . 1.4 14.9 bt 7,120 12,810
* H233062 27.4 31.9 29.4 1.2 2] 3.1 .8 33.6 4.9 4,360 71,840
- 44.0 40.6 155 ¢ 48 3%.4 {.1 12.7 6.6 6,010 10,810
== 32.0 48.0 - 36 70.3 1.3 13.0 T 7.8 7,110 12,790
W233063 2.8 3.3 8.1 13.6 6.3 40.2 .8 33.2 3.9 3,950 7,120
-— 43.4 34.8 2.4 {4 8.7 {.1 1.8 3.3 9,480 9,860
- 35.6 44.4 === 3.6 1.1 1.4 15.1 6.8 6,990 12,580
- N233064 30.2 30.0 2.7 2.1 6.4 40.9 J 35.8 4.0 4,080 1,340
R -- 3.0 39.7 17.3 4.4 58.6 1.0 12.8 3.8 5,840 10,500
- 52.0 48.0 .- 3.3 70.9 1.2 13.3 1.0 7,060 12,710
H233045 30.2 21.0 21.3 13.4 6.4 1.7 d 35.4 4.4 3,770 6,790
- 38.7 39.2 2.1 4.3 .1 1.0 12.3 6.2 3,400 9,720
--- u.7 30.3 - 3.3 6%.4 1.2 15.8 8.0 6,940 12,490
W233047 29.3 22.4 2.1 4.9 5.8 T Mg b 33.6 3.4 2,930 3,310
- 3.9 32.7 35.4 3.6 2.4 .8 10.4 1.4 4,180 1,330
-~- 9.3 30.7 - 3.9 65.2 1.3 16.2 11.8 6,480 11,640
W233066 32.1 27.1 29.1 1.6 6.5 39.8 Jd 37.0 .3 3,970 7,140
- 40.0 42.9 17.1 3 58.5 f.1 12.3 bt 3,840 10,510 .
- 48.2 31.8 === 3.2 70.6 1.3 15.1 1.7 7,040 12,680
W233210 26. 1 3.3 334 9.0 6.3 47.0 9 33.0 3.6 4,620 8,310
=== 2.6 4.2 12.2 €9 87 1.2 13.3 4.8 6,250 11,240
=== 8.3 sL.5 -=- 3.9 12,5 1.4 13.1 3.5 7,110 12,810
W233211 28.5 31.8 30.7 9.1 6.6 43.8 .9 34,0 3.6 4,360 8,210
- 4.5 42.9 12.7 4.8 54.0 1.3 12.2 3.1 6,380 11,480
--= 50.9 49.{ o 3.3 13.3 1.5 13.9 3.8 7,300 13,140 .
W233212 27.3 VAN .9 18.2 4.1 19.6 g 3.9 3.4 3,930 7,080
- 40.7 5.1 4.3 s4.4 2 10.6 8.7 s,4100 9,740
- 4.3 45.7 --- 3.7 72.7 .2 7 1 6.3 7,220 13,000
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‘Table 6:=-

samples from Pakistan.. istan..--continued
PROXINATE * ANALYSIS . ULTINATE ANALYSIS = . ' HEAT OF COMBUSTION
SANPLE VOLATILE FIYED
?WSBER y NOISTURE HATTER CARBON ASH HYOROGEN  CARBON NITROBEN  OXYGEN SULFUR  KCAL/KE  BTU/LB
USGS : .
W233213 34.5 28.3 3.7 1.5 6.9 38.7 0.7 38.9 3.3 3,840 6,910
- 43.2 19.2 17.5 4.7 §7.1 Lt 126 S.1 3,840 10,550
.- S2.4 .6 ° - 3.7 71.6 L3 7 15.2 6.2 1,10 - 12,790
N233214 4.7 28.8 29.5. 7.1 6.0 40.7 J o 29.7 3.8 4,140 1,440
.- 38.2 39.2 2.6 §3 .1 .0 10.3 1.1 5,300 9,900
== ‘90‘ 50-6 o= 516 69.9 1.3 1303 10.0 7'1‘0 ‘2,300
N233215 2.6 31.6 9.5 i1.3 6.3 44.1 .8 33.2 4.0 4,400 71,920
== 43.6 40.7 15.7 §.7 61.0 1.2 12.0 3.5 6,080 10,940
- .7 48.3 -—- 5.6 72.3 1.4 14.2 ; 6.5 1,210 12,970
N233216 4.8 28.9 2.8 19.3 3.3 38.3 o .4 6.3 3,910 7,040
- 31.3 31.1 © 250 o N2 3L.0 1.0 9.8 8.4 5,200 9,360
- 0.1 9.9 - 3.6 48.6 1.3 13.1 1.4 7,000 12,600
N233217 2.1 32.5. 35.7 8.7 6.5 50.2 .9 32.1 3.5 4,990 8,980
- 43.4 47.7 8.9 3.0 §7.0 1.3 13.1 §.7 6,660 {1,990
- 47.6 2.4 - 9.5 13.6 1.4 14.4 3.1 7,320 13,170
¥233218 2.4 29.1 26,9 2,6 .6 38.0 J 26.3 1.6 3,870 4,980
éﬁ% e 3714 3‘-7 2709 ‘.0 43.9 ) .9 806 ?-8 "980 8‘960
- 5!-9 ‘alt -== s«s 67.3 102 .41159 ] 1306 61900 ‘2"20
W233219 26.4 33.0 28.9 11.7 6.3 45.2 9 3.9 4,0 4,480 8,070
-~ 44.8 39.3 15.9 4.6 81.5 1.2 1.4 5.4 6,100 10,970
== 83.3 46.7 -—- 3.5 3.1 1.4 13.5 6.5 7,230 13,050
¥233220 25.0 30.2 21.2 17.5 6.0 §1.7 .8 30.2 3.8 4,160 7,490
- 40.3 36.3 23.4 4.3 95.6 1.0 10.7 3.1 3,950 9,990
-~ 52.4 47.4 -—= 3.4 72.4 1.3 13.9 8.6 7,280 13,040
N233221 1.3 30.5 25.6 19.6 5.7 38.2 .9 31.2 4.3 3.,730 6,710
-- 40.3 33.8 2.9 3.9 30.5 1.2 12.7 3.7 4,920 - 48,80
=== 4.4 45.6 - 3.3 68.1 1.7 17.2 1.7 6,640 11,960
N233222 23.8 30.9 3.9 1.4 6.4 45.8 .7 32.3 3.4 4,610 8,300
== 4.7 42.9 15.4 4.8 61.6 .9 12.7 4.6 6,210 11,180
-—- 49.3 50.7 --- 3.6 72.9 1.1 15.0 3.4 71,340 13,220
N233223 25.9 29.1 21.9 17.1 6.1 41.3 1.0 31.2 1.3 4,080 7,340
--- 9.3 e . 3 4 55.8 1.3 1.0 . 5,50 9,900
-— 3. 48.9 - 37 72.5 t.7 14.3 5.8 7,150 12,870
W233224 21.3 30.9 3.1 10.7 6.4 4.7 i 33.2 4.3 4,430 7,980
--- 2.5 §2.7 4.8 4.6 61.5 .9 123 3.9 6,090 10,970
9.9 50.1 --- S.4 72.2 R T WY 6.9 7,450- 12,860
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Table 6.--Proximate and ultimate analyses and heat contents for 39 coal
'samples from Pakistan, —continued -
PROXINATE ANALYSIS ULTINATE ANALYSIS . HEAT OF CONBUSTION
SANPLE VOLATILE  FIXED
NUNBER MOISTURE  NATTER  CARBON ASH  HYDROSEN CARBON  NITROGEN  OXYBEN  SULFUR  KCAL/KG  BTU/LB
(USGS)
233225 2.9 3.5 28.3 13.2 6.3 40.9 0.9 32.7 5.9 4,180 7,520
- 3.2 38.7 18.1 4.6 35.9 1.2 12.1 8.0 5710 10,280
- 52.7 47.3 -— 5.6 68.3 1.5 ©  14.8 9.8 6,980 . 12,560
, N233226 2.0 26,4 25.7 23.7 5.4 32.2 .7 28.9 9.0 3,280 5,910
35.0 33.8 3.2 3b 2.4 1.0 10.0 11.8 4,320 7,780 -
- 50.9 84 - e T 53 61.6 1.4 14.5 17.2 6,200 11,310
¥233208 30.2 30.4 28.2 11.2 6.8 2.6 .8 3.4 4.0 4,290 7,720
- 3.6 40.4 16.0 4.9 81.1 1.2 1.1 5.7 6,150 11,070
- 51.9 48.1 - 5.8 72.8 1.4 3.2 . 6.8 7,320 13,180
N233209 32.8 29.0 28.2 10.0 6.9 T i 37.4 3.5 4,140 7,46¢
- - 3.1 42,0 14.9 4.9 b1.7 1.1 12.3 5.2 6,470 11,10¢
e - 50.4 9.4 -— 5.7 729 1.2 145 < b1 7,240 13,0%
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“Table 6A:--

fusswn temperatures for 39 coa1 samples from Pakastan.;"f‘

[Results listed by USGS laboratory sample numbers. each with entries on three
bases: first line, as received; second, moisture-free; and third, moisture-
and- ash-free. Samples analyzed by-a commercial testing. laboratory using ASTM
standards. All figures are percent unless otherwise indicated.] .

FORNS OF SULFUR ASH-FUSION TEMPERATURE, C

SANPLE AIR-DRIED FREE- INITIAL
NUMBER Lass SULFATE  PYRITIC  ORGANIC  SHELLING DEFORMATION SOFTENING FLUTD
(USGS) INDEX
W233048 17,0 0.27 3.03 1.1t 0.0 1,140 1,175 1,380
- .38 4.26 1.55 -
-~ .4 3.10 1.8
W233049 16.2 .30 2,23 73 0 1,240 1,400 1,445
- 43 3. 20 1.05
- .59 4.41 f.44
W233030 21.0 3t 2,08 1.16 0 1,160 1,213 1,410
- A7 .12 - e, =t ,
- .39 3.93 2,20 , :
W233051 6.8 .85 2,25 .87 .0 1,300 1,400 1,500
- 1.13 3.04 {.18 <
— LI heb 1,80 |
N233052 18.8 .36 2.01 1.35 0 1,270 1,313 1,415
-—- .51 2.87 1.92 -
iniaind 169 3- 86 2160
N233053 2.2 21 .24 51 .0 1,905 1,515 1,5406
- .29 2.38 0
o~ «32 4.29 1.26
W233054 19.7 .74 2,76 1.25 0 1,210 1,230 1,293
- 1.08 4.04 1.83
— 1.42 3.28 2.39
N233055 9.5 47 2.24 .54 .0 1,270 1,395 1,410
-=- 23 3.04 1.29
- .31 4.05 1.72
W233056 i7.1 .35 2.6 .48 .0 1,420 1,470 1,540
-=- A7 3.58 .92
=== 03 5.38 1,43
W233057 19.2 .58 4.37 0.69 .0 1,125 1,185 1,360
=== .84 8.32 1.00
—-- 1414 8.35 1.32
¥233058 - 19.8 .42 2.91 1.22 0 1,150 1,205 1,420
=== .81 4.24 - .
-=- .13 .7 an el
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Table 6A.--Air-dried losses, forms of sulfur, free-swelling indexes, and ash-
fussion temperatures for 39 coal _samg]es from Pakistan.--continued

FORMS OF SULFUR ASH-FUSTON TEMPERATURE, C
SAMPLE AIR-DRIED FREE- INITIAL
NUMBER Lass SULFATE  PYRITIC  ORGANIC  SWELLING DEFORMATION SOFTENING FLUID
(USGS) INDEX
¥233059 17.3 0.26  1.83 0.81 0.0 1,250 1,295 1,395
— 037: 2-62 ‘nlb - -
- .‘3: 3035 1.‘&
N233040 22.8 4 1.88 2.10 0 1,215 1,255 1,395
—-- .20 2.7 3.02
-— 24 3.20 3.58
W233041 16,7 .49 2.59 .80 .0 1,230 1,260 1,395
. - 2 .73 1.15 :
— 34 LS IS N SN '
W233062 17.8 .87 3.05 .85 .0 1,170 1,200 1,430
g 1-20 ‘020 10‘7 :
--- 1.42 .97 1.39
N233063 16.6 1.53 1.99 34 .0 1,270 1,300 1,400
-—- 2.12 2.74 47
Nt -- 2.70. 3.52 .60
N233044 20.4 .24 2.53 1.2 0 1,225 1,255 1,415
- 37 3.62 1.80
—— 0‘5 4.38 2.‘8
N233065 20.3 .33 3.08 .95 .0 1,210 1,245 1,415
- 47 (W3 1.36
- l6l 5-67 ‘o75
W233047 23.2 .27 .97 .12 0 1,199 1,245 1,470
-— .38 7.05 A7
- .59 10.92 .26
W233064 21,2 .52 2.99 .83 .0 1,150 1,170 1,415
! hainted 077. ‘l‘o 1'22
-— .92 5.31 1.47
N233210 19.4 .53 1.69 1.34 .0 {,115 1,125 1,225
- 72 2.29 1.81
-- .82 2.460 2.07
W233211 22.7 A2 _2.81 .70 .0 1,095 1,115 1,300
- A7 3.93 .99 i
--- 19 4.50 1.12
. e
W233212 237 .53 1.88 1.01 .0 1,295 1,330 1,390
- - T3 2.59

L= .97 3.45 1.85 ) 22



Tab1e 6A,--A1r-dr1ed losses.. forms. of sulfun : 1ing: i S ¢ .
fussion: temperatures for 39 coal samnles from. Pak1 stam--contmued

FORHS OF SULFUR ASH-FUSTON. TENPERATURE, C
SANPLE AIR-ORIED FREE- INITIAL
NUNBER L0SS  SULFATE  PYRITIC  QRGANIC SWELLING DEFORNATION  SOFTENING FLUID
(USGS) : INDEX :
233213 3.7 0.17 2,01 1.14 0.0 1,115 1,125 1,315
- .26 3.07 1.77 -

- .31 J.72 2.15

N233214 18.3 40 3.88 .53 .0 1,180 1,205 1,370
-—- .53 3.13 2,03
- ’ néq 6.66 2.63

w233215 22,1 32 2,29 1.17 0 1,195 1,215 1,465
-~ q2 3.14 .62 - : .
o= 085 3.75 1-92 ’

3

W233216 18.4 25 £23 - L8 ™ ‘.0 1,180 1,245 1,425
--- .33 S.483 2.48 0
i 145 7557 3.“

w233217 19.2 23 1.86 1.40 0 1,070 1,080 1,310
il .31 20‘8 1087
- 34 .1 2.05

TN w233218 18.5 - .19 4.88 1.92 9 1,200 1,215 1,350

== ’002 6.29 20‘7
haatl xa‘l 807‘ 3.43

N233249 21.8 J3 2.80 1.06 N 1,305 1,340 1,403
——- .18 3.81 f.44
- 2 4,53 1.1

W233220 18.2 .18 2.4 f.21 0 1,190 1,240 1,370
-—- 2 3.2 f.61
=== .3 L19 2.11

N233221 9.7 1.13 1.58 1.62 .0 1,190 1,225 1,360
- {.49 2.09 2.14
--- 2.0t 2.82 2.89

W233222 20.7 13 2,57 .48 0 1,150 1,170 1,410
--- .20 3.46 92
= .24 §.09 1.08

W233223 16.7 .20 2.39 - W4 T .0 1,225 1,250 1,445
--- .21 3.22 1.00
- .35 4.19 1.30

W233224 2.9 .24 2.84 (.22 .0 1,080 1,095 ,180
.33 3.90 1.68 s
- .39 .58 1.97
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Téble 6A.--Air-dried losses, forms of sulfur, free-swelling indexes, anq ash-
. ‘ yssion temperatures for 39 coal samples from Pakistan.--continue

FORMS OF SULFUR ASH-FUSION TEMPERATURE, C
SANPLE AIR-DRIED FREE- INITIAL :
NUNBER Lags SULFATE - PYRITIC  ORGANIC  SWELLING DEFORNATION SOFTENING FLUID
INDEX
W233225 22.6 0.33 2.69 2.64 0.0 1,195 1,225 1,395
- 072 3068 3. 6!
.- .89 4.49 4.4
N233226 20.4 .99 3.9 2.06 0 1,140 1,170 1,370
- 1.30 7.81 2.7t '
-~ 1.89 11.36 3.9
. .
N233208 4.2 .10 2.90 - 00" 0 1,070 {,095 1,150
--- 14 4.16 1.43
--- A7 4.95 1.1
W233209 27.4 .10 2,09 1.3t .0 1,073 1,093 1,125
=== 1S 3.1 1.95
~=- A7 3.63 .29
Httitsen
e
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on a moist basis; for example, the rank of low-rank coals is established by
the moist, mineral-matter-free heat value.

Moisture in coal is commonly present in two forms. Inherent moisture is
defined (ASTM, D121-1986) as "... moisture that exists as an integral part of
the coal seam in its natural state, including water in pores but not that
present in macroscopically visible fractures. Inherent moisture is considered
to be equivalent to bed moisture, but may not be equated to the moisture
remaining in a coal sample after air drying, as is the practice in some other
countries." Free moisture (sometimes referred to as surface moisture) is
defined (ASTM, D121-1986) as "... that portion of total moisture in coal ...
that is in excess of inherent moisture ... . It is not to be equated with the
weight loss upon air-drying."

Total moisture is defined as "... that moisture determined as the loss in
weight in an air atmosphere under rigidly controlled conditions of
temperature, time and air flow as established in Test Method D3302." (ASTM,
1986). Test Method D3173 can be, and commonly is, used in conjunction with
Test Method D3302 to determine total moisture. The "Air dry loss" and
"residual moisture" reported by analytical laboratories are references to
their test methods and, as previously stated, are not to be equated with
either free moisture or 1nherent mo1sture ’

In actual practice, the resu]ts of test methods are mathematwca]?y
converted according to standardized formulas and reported in a variety of
conventional bases, both of which are presented in D3180-84 (ASTM, 1986).
Ordinarily, standard coal analyses are presented in three related bases: 1)
the as-received basis, "... analytical data calculated to the moisture
condition of the sample as it arrived at the laboratory and before any
processing or conditioning."; 2) the dry basis, "... data calculated to a
theoretical base of no moisture associated with the sample.”; and 3) the dry,
ash-free basis, "... data calculated to a theoretical base of no moisture or
ash associated with the sample." (D3180-84, ASTM, 1986).

A1l three bases are normally derived from "as-determined" data that
represent the numerical values obtained at the particular moisture level in
the sample at the time of analysis. In addition to the inherent moisture
content of the coal, the "as-determined" moisture value may include free
moisture that is related to climate, oxidation and.weathering, conditions
during packing, and storing and shipping sample containers, all of which tend
to make the calculated "as-received" moisture value not representative of the
true, in-place, moisture content of the undisturbed coal immediately prior to
mining.

In an attempt to determine more exactly the true moisture content of the
coal prior to mining, and to allow valid comparison of the reported moisture
content of different samples of coals (particularly low-rank coals), the
standard test method for equilibrium moisture of coal at 96 to 97 percent
relative humidity and 30° C (D1412, ASTM, 1986) has been applied to seven of
the samples analyzed for this report.

Table 7 presents a comparison of statistical appraisals of the seven
samples according to the "as-received" and "equilibrium moisture" bases. As
is shown, the equilibrium moisture determination validates the -
representational character of the samples, the "as- determ1ned" analytical
character, and the "as-received" analytical values previdusly reported.
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Moisture determination is critical to all other coal analytical bases
including the ultimate analysis discussed subsequently. A non-representative
moisture determination affects the calculation relative to all other content
determinations. Consequently, if the moisture determination is non-
representative, all other determinations are also non-representative. - In
high-rank coals the amount of moisture in the coal (by weight percentage) is
relatively small and may approach zero. In low-rank coals moisture may be in
excess of 35 percent and the importance of moisture in determining the
characterization of a coal is immensely greater than in high-rank coals.

In utilization of coals, moisture is almost always a detrimental
constituent. In contrast to high-rank coals, high-moisture coals oxidize and
weather faster, lose or gain free moisture easier, are more susceptible to
spontaneous combustion, are less efficient to transport because of the water
content, have less heat value, tend to be tough and more difficult to crush
and grind, will not make high-heat-value slurries, and require different than
conventional design in boilers for burning. Consequently, reliable
characterization of the moisture content is absolutely imperative for informed
planning for usage.

Volatile Matter

—— - . Wt

The volatile-matter content of a sample is defined as "... the percentage
of gaseous products, exclusive of moisture vapor, in the analysis sample [the
sample being analyzed] which are released under the specific conditions of the
test. ... Volatile matter is determined by establishing the loss in weight
resulting from heating a coal sample under rigidly controlled conditions. The
measured weight loss, corrected for moisture as determined in Method D3173,
establishes the volatile matter content." (D3175-82, ASTM, 1986).

The volatile-matter content is of importance because it may be used to
establish the rank of coals, to indicate coke yield resulting from
carbonization processes, to provide the basis for buying or selling for
particular uses, or to assist in attempts to predict burning characteristics.
(D3175-82, ASTM, 1986).

Fixed Carbon

The reported fixed carbon of a coal sample is a calculated value. "It is
the resultant of the summation of percentage moisture, ash, and volatile
matter subtracted from 100." (D3172-73, ASTM, 1986). In higher rank coals the
fixed-carbon percentage can be used to establish the rank of coals. (D388-84,
ASTM, 1986).

Ash

Ash is the "... inorganic residue remaining after ignition of combustible
substances, determined by definite prescribed methods ... ash may not be
identical, in composition or quantity, with the inorganic substances present
in the material before ignition." (D121-85, ASTM, 1986). "Incineration causes
an expulsion of all water, the loss of carbon dioxide from carbonates, the
conversion of iron pyrites into ferric oxide, and other chemical reactions.”
(D3174-82, ASTM, 1986). Consequently, a reported analytical result.on the
"ash-free" basis is not comparable to a reported analytical result on the

-
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"mineral-matter-free" basis. Also, the chemical character and quantity of ash
produced during combustion of coal will vary depending on the incineration
conditions.

For the above reasons, it is difficult to precisely predict the burning
characteristics of coals during utilization solely on the basis of the ash
weight percentage determined by standard test methods. Many other analytical
determinations and test methods attempt to predict the burning characteristics
of different coals; for example, determination of the swelling characteristics
of the sampled coals (see Free-swelling index) and determinations of the
temperatures at which certain physical changes in the coal occur (see Ash-
fusjon temperature).

Ultimate Analysis

During the procedure termed "ultimate analysis", the hydrogen, carbon,
nitrogen, oxygen, and sulfur contents of the coal are determined. The ash
content will ordinarily have already been determined for the proximate
analysis and also forms part of the ultimate analysis. Sometimes, only sulfur
is determined, and the complete ultimate analysis is not made. The hydrogen
and carbon are determined as found in the gaseous products of the complete
combustion of the sample; nitrogen, sulfur, and ash are determined on the
sample as a whole; and the oxygen conteént is calculated by difference. The
ultimate analysis is intended, along with the proximate analysis, to permit
cursory valuation of coals for use as fuels or as ingredients to other
carbonaceous processes (D3176-84, ASTM, 1986).

Hydrogen and Carbon

Both hydrogen and carbon are determined in one operation applying
standard test method D3178-84 (ASTM, 1986). "This test method yields the
total percentages of carbon and hydrogen in the coal as analyzed and the
results include not only the carbon and hydrogen in the organic matter, but
also the carbon present in mineral carbonates and the hydrogen present in the
free moisture accompanying the sample as well as hydrogen present as water of
hydration of silicates.* (D3178-84, ASTM, 1986). The "Carbon and hydrogen
values are used to calculate the amount of oxygen (air) required in combustion
processes, and in the calculations of efficiency of combustion processes.

Carbon and hydrogen determinations are used in material balances on coal
conversion processes; also one or the other is frequently used in correlations
of chemical and physical properties, such as yields of products in
liquefaction, reactivity in gasification, and the density and porosity of
coal." (D3178-84, ASTM, 1986).

Nitrogen

Total nitrogen in coal samples is determined in accordance with test
method D3179-84 (ASTM, 1986). Determination of the nitrogen content is
necessary when oxygen content is derived by difference and is important for
evaluation of the potential formation of nitrogen oxides as a source of
atmospheric pollution.
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Oxygen

The oxygen content of a coal sample is derived by subtracting from 100
the summation of the determined hydrogen, carbon, nitrogen, sulfur, and ash
contents of that sample.

Sulfur

Total sulfur is determined as part of the ultimate analysis in accordance
with test method D3177-84 (ASTM, 1986). Sulfur and ash are the primary
deleterious constituents considered when coals are classified by grade. Coals
with 1 percent or less sulfur are classed as low-sulfur, coals with more than
1 percent and less than 3 percent sulfur are classed as medium-sulfur, and
coals with 3 percent or more sulfur are classed as high-sulfur (Wood and
others, 1983). (See later discussionjunder "Forms of Sulfur®).

Ash

Ash, defined as "The inorganic residue remaining after complete
incineration of coal." (Wood and others, 1983), is part of both the proximate
and ultimate analyses of coals (see discussion under Proximate Analysis). In
classification of coals by grade, coals with less than 8 percent ash are
classed as low-ash, coals with-8 to 15 percent ash are classed as medium-ash,
and coals with more than 15 percent ash are classed as high-ash (Wood and
others, 1983).

As briefly discussed previously, both the absolute quantity and the type
of inorganic material represented by the ash are extremely important in
determining the behavior of coals during combustion and conversion processes.

Other Analyses

A variety of other tests of physical and chemical characteristics of coal
can be performed. Some determinations, such as heat value, are routinely
made. Others, such as forms of sulfur, are not as commonly done. Still
others, such as equilibrium-moisture determinations, and ash-fusion
temperatures, should be part of a routine but are sometimes not performed
until problems in marketing or utilization arise.

Heat Value

The major use for coal is in combustion, and the test for heat value
(calorific value) is commonly the most significant analytical procedure of
all. Knowledge of the heat value is critical for a variety of purposes such
as classification of coals by rank, estimation of energy resources, evaluation
of utilization potential and methods, and estimation of economic value.

Direct measurement of heat value is the commonest method of
determination. However, heat value can be calculated from proximate and
ultimate analyses by a wide variety of formulas. Many (most?) of the proposed
formulas for calculation of heat value are at least partially empirical and
are only valid for particular coals from particular areas. A few formulas are
of broad enough applicability to be used as substitutes for direct measurement
when direct measurements are not available (Speight, 1983). However, even.

~ -
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these particular formulas yield deviations from measured values of as much as-
4 or 5 percent in the case of low-rank coals (Selvig and Gibson, 1945).

Forms of sulfur

Determination of the sulfur content of coals is often accompanied in
modern practice by determination of the amount of the total sulfur that is
present in the forms of sulfate sulfur, pyritic sulfur, and organic sulfur.
Distinction between the three sulfur forms has major economic significance.
The standard test method for forms of sulfur in coal (D2492-84, ASTM, 1986)
was used in the determinations reported herein. Sulfate sulfur and pyritic
sulfur are direct determinations, organic sulfur is derived by difference
between their sum and the total sulfur.

Sulfate sulfur is low in fresh coal and higher in oxidized or weathered
coal. "The sulfates (mainly calcium and iron) rarely exceed 0.1 percent
except in highly weathered or oxidized samples of coal..." (Speight, 1983, p.
145). The sulfate-sulfur content of the samples discussed here is relatively
high - with a geometric mean of 0.33 (table 6A). Most of the coal beds
presently being mined in the Lakhra field are within the zone of weathering
and contain secondary deposits of gypsum. This accounts for the high sulfate-
sulfur content of many of the samples..* However, some of the sulfate may also
be present as iron-sulfate minerals. Ordinarily, weathering and oxidation
reduce the heat value of Tow-rank coal and this fact may indicate that deeper
coals in South Sind, below the weathering zone, may have higher heat values
than the coal presently being mined.

- The bulk of sulfur in coal is in the pyritic form as a mineral, and in
the organic form as a complex with the organic material. For both technologic
and economic reasons, organic sulfur is usually deemed "not removable" from
coal at the present time. Pyritic sulfur may or may not be removable,
depending on the size of the pyrite mineral grains. Coarse grains are easily
removed by conventional coal preparation processes, largely gravimetric.
Disseminated, very fine grains are usually considered impossible to remove.
Petrographic studies ‘are a necessary first step in determining whether pyritic
sulfur is removable, and washability studies are commonly required to
determine how much pyrite might be removed.

Organic-sulfur content is derived by the difference between the total-
sulfur content and the sum of the measured sulfate-and pyritic-sulfur
contents. Much basic and applied research applicable to, and directed at,
removing the organic sulfur from coal has been done and several promising
processes have been proposed. However, many pilot studies and full-scale
tests remain to be done before technical and economic feasibility is accepted.

Free-swelling Index

This determination "... is a measure of the increase in volume of a coal
when it is heated without restriction under specific heating conditions."
(Rees, 1966, p. 48). As such, it is used in an attempt to predict caking,
coking, and agglomerating properties and the related behavior during
combustion., "In general terms, a coal exhibiting a free swelling index of 2
or less will most 1ikely not be a good coking coal." (Speight, 1983, p.

179). A1T analyses of coal reported herein have a free-swelling index of 0
(appendix B). -
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Apparent Specific Gravity

Specific gravity of porous materials such as coal is difficult to
determine using conventional methods. The analytical results are therefore
designated "apparent" rather than "true". Many factors affect the apparent
specific gravity, though the amount and type of non-organic material in the
sample is obviously very important. For estimation of coal resources, a
specific gravity of 1.3 is assumed for coal of subbituminous rank. The
geometric mean for the apparent specific gravity of the coal analyses
presented herein is 1.4.

Hardgrove Grindability Index

The grindability, or ease of pulverization, is of .importance in
evaluating utilization of coals. Because a range of properties, such as
hardness and toughness, are involved, meaningful determination is difficult.
The standard test for grindability of coal by the Hardgrove-machine method
(D409-85, ASTM, 1986) yields an empirical result that is comparative to
standard coals. In general, the higher the number, the easier a coal is to
pulverize. Coals of 1ignitic and subbituminous rank commonly have lower
grindability indexes, in the range of 40 to 60, than coals of bituminous
rank. The mean index of 70 determined for the coals reported herein is higher
than expected but cannot be evaluated™without further analysis.

Ash-fusion Temperatures

This test is intended to supply information on the fusion characteristics
of the ash of coal. "Ash fusibility values are frequently specified in coal
contracts because they are thought to furnish information regarding the
clinker tendencies of the ash. of the coal." (Rees, 1966, p. 44). Rees warns
that "Ash fusibility data are too often over-interpreted. ... the test should
be considered an empirical one and the data, at best, only qualitative.”
(Rees, 1966, p. 44).

The standard test method for fusibility of coal and coke ash (D1858-68,
ASTM, 1986) "... covers the observation of the temperatures at which
triangular pyramids (cones) prepared from coal and coke ash attain and pass
through certain defined stages of fusing and flow when heated at a specified
rate in controlled, mildly reducing, and where desired, oxidizing
atmospheres.” In practice, four temperature points are determined: the
initial deformation (ID) temperature, at which the initial rounding of the
apex of the pyramid takes place; the softening temperature (ST), at which the
cone has fused so that the height is equal to the width of the base; the .
hemispherical temperature (HT), at which the cone has fused so that the height
is one-half the width of the base; and the fluid temperature (FT), at which
the cone has been reduced to a nearly flat layer. In the reported analytical
results in appendix B, the HT is reported after the FT but should have been
presented in the above-described sequence.

The four temperature points are determined in both mildly reducing and

oxidizing atmospheres to provide more data relative to possible usage
conditions. The means of the laboratory determinations are as follows:
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Temperature Arithmetic Standard . Geometric Geometric
point mean deviation mean deviation

Mildly Reducing Atmosphere

ID 2190 160 2180 1.1
ST 2260 180 2250 1.1
HT 2320 180 2310 1.1
FT 2520 160 2510 1.1
Oxidizing Atmosphere
ID 2520 110 2520 1.0
ST 2580 100 2580 1.0
HT 2610 100 " 2610 1.0
FT 2660 90 2660 1.0
oy

Two samples contained 26.61 and 32.41 percent ash and had high (more than
2,800° F) temperature points in several determinations.

CONCLUSIONS

Statistical appraisal of the 39 samples results in the following
generalized chemical and physical characterization on the as-received basis:

Moisture - 28 percent
Volatile matter - 28 percent
Fixed carbon - 28 percent
Ash - 15 percent
Hydrogen - 6 percent
Carbon - 39 percent
Nitrogen - 0.7 percent
Oxygen - 33 percent
Sulfur - 4 - percent
Heat value - 7,100 Btu/1b
Sulfate sulfur - 0.3 percent
Pyritic sulfur - 2.6 percent
Organic sulfur - 1.0 percent
Hardgrove

Grindability

Index - 70
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A coal with the listed chemical and physical characteristics would be
classified as subbituminous C in rank according to the Standard Classification
of Coals by Rank (D388-84, ASTM, 1986). However, the number of samples from
each mine is not sufficient for definitive rank classification, and, in
addition, Standard D388 specifically does not allow use of samples of
weathered or oxidized coal for classification by rank (see previous discussion
of "Forms of sulfur"). Consequently, valid rank classification remains to be
established by further sampling and analytical studies.

However, standard D388 does allow designation of "apparent rank" for
samples that do not meet the standards of bed sampling. "Apparent ranks" for
the 39 samples reported herein are: one (1) subbituminous B, fifteen (15)
lignite A, and twenty-three (23) subbituminous C. At this time, it appears
valid to conclude that the "apparent rank" of coal presently mined in the
Lakhra field ranges from lignite A to subbituminous B, and that the bulk of
the coal presently being mined in the field has an "apparent rank" of
subbituminous C.
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Description of Samples
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Gul Mine No. 11 (Habibullah)

Location: Tlat 25°41'45" N., long 68°09'43" E.
Surface elevation: 350 ft (107 m)
Depth to top of sample: 82 ft (25 m)

Two bench channel samples, Lailian bed, collected by Fred 0. Simon, USGS,
and Ishag Ghaznavi and Rafiq A. Khan, GSP, August 10, 1985.

Section sample

Description Thickness

ft  (m)

* Claystone (roof) ' ——— e
Coal (USGS No. W233049) 5.0 (1.5)
* (Clayey coal parting ‘ 0.1 (0.04)
Coal (USGS No. W233048) 1.8 (0.53)

- .~ -t ¢

* Floor rock (not observed) o ——— ee-
Total bed thickness 6.9 (2.1)
Total thickness sampled 6.8 (2.0)

* Not analyzed.

Indus Mine No. 2A
Location: Tlat 25°43'07" N., long 68°09'08" E.
Surface elevation: 420 ft (128 m)
Depth to top of sample: 256 ft (78 m)

Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Ishaq Ghanznavi and Rafiq A. Khan, GSP, August 11, 1985.

Section sampled

Description Thickness
ft (m)

* Sandy shale (roof) PR ———

* (Claystone _ _ 0.6 (0.18)
Coal (USGS No. W233050) 8.8 (2.7)

* Shale (floor) -——— -
Total bed thickness 8.8 (2.7)
Total thickness sampled 8.8 (2.7)

*  Not analyzed.
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Faiz Mine No. 11

Location: 1lat 25°44'16" N., long 68°08'26" E.
Surface elevation: 405 ft (123 m)
Depth to top of sample: 165 ft (50 m)
Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Ishaq Ghaznavi and Rafiq A. Khan, GSP, August 12, 1985.

Section sampled

Descbiption Thick?eis
ft (m
* (arbonaceous claystone (roof) PRU——
Coal (USGS No. W233054) 9.1 (2.8)
* Carbonaceous shale (floor) - _—— -
Total bed thickness 9.1 (2.8) S
-Total thickness sampled : 9.1 (2.8)

. gy ¢
* Not analyzed. ’ j

Delux Mine No. 1 A

Location: 1lat 25°11'38" N., long 68°11'26" E.
Surface elevation: 405 ft (123 m)
Depth to top of sample: 247 ft (75 m)

Two bench channel samples, Lailian bed, collected by Fred 0. Simon,
USGS, and Ishaq Ghaznavi and Rafiq A. Khan, GSP, August 13, 1985.

Section sampled

Description Thickness
‘ ft  (m)

* Claystone (roof) , JEp—

* Coal (not sampled) , 0.6 (0.18)
Coal (USGS No. W233056) 4.9 (1.51)
Coal (USGS No. W233055) 2.9 (0.89)

* Carbonaceous claystone (floor) ——— -
Total bed thickness 8.5 (2.6)
Total thickness sampled 7.8 (2.4)

* Not analyzed.
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Mumtaz Mine No. 44 (Habibullah)

Location: Tlat 25°40'14" N., long 68°08'53" E.
Surface elevation: 310 ft (95 m)
Depth to top of sample: 88 ft (27 m)

Bench channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Ishaq Ghaznavi and Rafiq A. Khan, GSP, August 11, 1985.

Section sampled

Description Thickness
ft (m)

* Shale (roof) JEp——

* Coal (not sampled) 0.4 (0.12)
Coal (USGSWqu~F233051) 9.6 (2.9)

* Shale (floor) mm mme-
Total bed thickness , e 10.0 (3.0)
Total thickness sampled T 9.6 (2.9)

* Not analyzed.

National Mine No.4A
Location: 1lat 25°43'55" N., long 68°08'52" E.
Surface elevation: 405 ft (123 m)
Depth to top of sample: 225 ft (69 m)

Two bench channel samples, Lailian bed, éo]lected by Fred 0. Simon,
USGS, and Ishaq Ghaznavi and Rafiq A. Khan, GSP, August 12, 1985.

Section sampled

Description Tnickness
ft (m)

* (laystone (roof) P —

* Coal (not sampled) 0.5 (0.15)
Carbonaceous clay parting (USGS No. W233053) 0.3 ( .09)
Coal (USGS No. W233052) 8.9 (2.7)

* Carbonaceous siltstone (floor) _ —— e--
Total bed thickness ‘ 9.7 (3.0)
Total thickness sampled 9.2 (2.8)

* Not analyzed.



Baluchistan Mine No. 13

Location: Tlat 25°40'24" N., long 68°11'00" E.
Surface elevation: 390 ft (119 m)
Depth to top of sample: 118 ft (36 m)

Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS, and
Ishag Ghaznavi and Rafig A. Khan, GSP, August 13, 1985.

Section sampled

Description Thickness
ft  (m)
* (laystone (roof) - ——— =---
Coal (USGS No. W233057) 3.3 (1.0)
* Carbonaceous shale (floor) -—— ---
Total bed thickness 3.3 (1.0)
Total thickness sampled 3.3 (1.0)
. R -t

s

* ﬁBE analyzed.
PMDC Mine No. 2

Location: lat 25°42'38" N., long 68°10'00" E.
Surface elevation: 410 ft (125 m)
Depth to top of sample: 195 ft (60 m)

Two bench channel samples, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafig A. Khan, GSP, August 14, 1985.

Section Sampled

Description Thickness
ft (m)

* Carbonaceous shale (roof) —— —=

* Coal (not sampled) 0.4 (0.12)
Coal (USGS No. W233059) 5.8 (1.8)
Coal (USGS No. W233058) 4,3 (1.3)

* Shale (floor) ——— -
Total bed thickness 10.5 (3.2)
Total thickness sampled 10.1 (3.1)

* Not analyzed.
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M. Amin Bros. Mine No. 5/MC-10

Location: 1lat 25°40'55" N., long 68°07'45" E.
Surface elevation: 360 ft (110 m)
Depth to top of sample: 165 ft (50 m)

Two bench channel samples, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafig A. Khan, GSP, August 14, 1985.

Section sampled

Description Thickness
ft (m)

* Carbonaceous shale (roof) RS

* Coal (not sampled) 0.6 (0.18)
Coal (USGS No. W233061) . 5.3 (1.6)
Coal (USGS No. W233060) 2.4 (0.74)

* Shale (floor) S .- ——— -
Total bed thickness ’ 8.3 (2.5)
Total thickness sampled ‘ . : (7.7) (2.3)

* Not analyzed.

Amin Mine No. 5-A
Location: 1lat 25°38'04" N., long 68°09'06" E.
Surface elevation: -295 ft (90 m)
Depth to top of sample: 115 ft (35 m)

Bench channel sample, Lailian bed, collected by Ishaq Ghaznavi, GSP,
August 14, 1985.

Section sampled

Description Thickness
ft  (m)

* (arbonaceous shale (roof) RO

* Coal (not sampled) 1.0 (0.31)
Coal (USGS No. W233062) 4,5 (1.4)

* Carbonaceous shale (floor) ——— m--
Total bed thickness 5.5 (1.7)
Total thickness sampled 4.5 (1.4)

* Not analyzed.

e ~
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Sind Mine No. 5

Location: 1lat 25°37'08" N., long 68°09'20" E.
Surface elevation: 295 ft (90 m)
Depth to top of sample: 115 ft (35 m)

Face channel sample, Lailian bed, collected by Ishag Ghaznavi, GSP,
August 14, 1985,

Section sample

Description ; Thickne§s

1 ft (m

* Shale (roof) -
Coal (USGS No. W233063) 4.5 (1.4)

* Carbonaceous shale (floor) ——— —e-
Total bed thickness 4.5 (1.4)
Total thickness sample . . o- 4.5 (1.4)

* Not analyzed.

Ch. M. Igbal Mine No. 9
Location: Tlat 25°44'01" N., long 68°08'45" E.
Surface elevation: 408 ft (124 m)
Depth to top of sample: 165 ft (50 m)

Three bench channel samples, Lailian bed, collected by Fred 0. Simon,
USGS, and Rafiq A. Khan and Mukarram Khan, GSP, August 15, 1985,

Section sampled

Description Thickness
ft (m)
Carbonaceous shale (roof) (USGS No. W233047) 0.8 (0.24)
(Analysis indicates shaley coal)
* Clay band above coal 0.4 (0.12)
* Coal (not sampled) , 0.08 (0.02)
Coal (USGS No. W233065) 5.9 (1.8)
Coal (USGS No. W233064) 4.6 (1.4)
* Carbonaceous shale (floor) ——— ee-
Total bed thickness 10.6 (3.2)
Total thickness sampled (excluding roof) 10.5 (3.2)

* Not analyzed.
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‘Inam Mine No. 28 (Habibullah)

Location: lat 25°42'16" N., long 68°08'27" E.
Surface elevation: 395 ft (120 m)
Depth to top of coal bed: 155 ft (47 m)

Face channel sample, Lailian bed, collected by Ishaq Ghaznavi and
Sabahat Noor, GSP August 15, 1985.

Section sample

Description Thickness
ft  (m)
* (Carbonaceous shale (roof) ' ——— -
Coal (USGS No. W233066) 5.8 (1.8)
* Carbonaceous shale (floor) ——— ——-
Total bed thickness 5.8 (1.8)
Total thickness sampled - 5.8 (1.8)

* Not analyzed.

Igbal 4C-413 Mine (Habibullah)
Location: 1lat 25°40'45" N., long 68°07'38" E.
Surface elevation: 405 ft (123 m)
Depth to top of sample: 127 ft (39 m)

Bench channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan and Sabahat Noor, GSP, August 18, 1985.

Section sampled

Description Thickness
ft (m)

* (laystone (roof) e e

* Coal (not sampled) 0.1 (0.04)
Coal (USGS No. W233210) 4.4 (1.3)
* Carbonaceous shale (floor) . ——— -
Total bed thickness 4.5 (1.3)
Total thickness sampled 4.4 (1.3)
* Not analyzed.
e
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Khalid - B~ 2 Mine (Habibullah)

Location: 1lat 25°40'55" N., long 68°10'05" E.
Surface elevation: 390 ft (119 m)
Depth to top of sample: 75 ft (23 m)

Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan and Sabahat Noor, GSP, August 18, 1985.

Section sampled

Description Thickness
ft (m)
Carbonaceous shale (roof) ——— -
Coal (USGS No. W233211) 3.9 (1.2)
Carbonaceous shale (floor) —— m--
Total bed thickness 3.9 (1.2)
Total thickness sampled . . , = 3.9 (1.2)

Not analyzed.

Baluchistan No. 6 Mine
Location: 1lat 25°41'30" N., long 68°10'30 E.
Surface elevation: 380 ft (116 m)
Depth to top of sample: 172 ft (52 m)

Two bench channel samples, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan, GSP, August 20, 1985.

Section sampled

Thickness
ft  (m)

Description

* JSandstone (roof) ——=  ---

* Coal (not sampled) 2.1 (0.64).
Coal (USGS No. W233213) 3.6 (1l.1)
Coal (USGS No. W233212) 2.7 (0.83)

* Carbonaceous shale (floor) ——— m--
Total bed thickness 8.4 (2.6)
Total thickness sampled 6.3 (1.9)

* Not analyzed.
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Ghapfar No. 26 Mine (Habibullah)

Location: 1lat 25°42'20" N., long 68°09'02" E.
Surface elevation: 360 ft (110 m)
Depth to top of sample: 157 ft (48 m)

Two bench channel samples, Lailian béd, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan, GSP, August 22, 1985.

Section sampled

Description Thickness
ft  (m)

* Carbonaceus shale (roof) ——e e

* Coal (not sampled) 0.4 (0.12)
Coal (USGS No. W233215) 4.8 (1.5)
Coal (USGS No. W233214) 1.8 (0.53)

. . .;g"

* Carbonaceous shale (floor) =~ ° SR —
Total bed thickness ' 7.0 (2.1)
Total sample thickness 6.6 (2.0)

* Not analyzed.

Indus No. 6 Mine
Location: 1lat 25°43'12" N., long 68°08'20" E.
Surfaces elevation: 415 ft (127 m)
Depth to top of sample: 222.3 ft (67.8 m)

Bench channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan, GSP, August 22, 1985.

Section sampled

Description Thickness
' ft  (m)

* Carbonaceous claystone (roof) — —--

* (Coal (not sampled) : 0.7 (0.20)
Coal (USGS No. W233216) 4.1 (1.3)
* Shale (floor) —— —--
Total bed thickness 4.8 (1.5)
Total thickness sampled : 4,1 (1.3)
* Not analyzed.
: -
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Hamza No. 37 Mine (Habibullah)

Location: 1lat 25°40'45" N., long 68°08'35" E.\\
Surface elevation: 390 ft (119 m) ‘
Depth to top of sample: 90 ft (27 m)

Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan, GSP, August 24, 1985. '

Section sampled

Description ) Thickness
ft (m)

* (Carbonaceous shale (roof) : ——— ---
Coal (USGS No. W233217) 4.9 (1.5)

* Carbonaceous shale (floor) . mem aea
Total bed thickness 4.9 (1.5)
Total thickness sampled 4,9 (1.5)

* Not analyzed.
Tauseef No. 22 Mine (Habibullah)

Location: 1lat 25°40'45" N., long 68°09'01" E.
Surface elevation: 342 ft (104 m)
‘Depth to top of sample: 142 ft (43 m)

Bench channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan, GSP, August 24, 1985.

Section sampled

Description Thickness
ft  (m)

* JSandstone (roof) R

* (Coal (not sampled) . 0.2 (0.05)
Coal (USGS No. W233218) 3.3 (1.0)

* Claystone (floor) ——— a--
Total bed thickness 3.5 (1.1)
Total thickness sampled 3.3 (1.0)

* Not analyzed.
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Amin Bros. No. 3-MC/10 Mine

Location: Tlat 25°40'45" N., long 68°07'47" E.
Surface elevation: 353 ft (108 m) '
Depth to top of sample: 186 ft (57 m)

Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan, GSP, August 24, 1985.°

Section sampied

Description Thickness

ft (m)
* (laystone (roof) - ——e oo
Coal (USGS No. W233219) : 3.9 (1.2)
* Carbonaceous shale (floor) S
Total bed thickness 3.9 (1.2)
Total thickness sampled o 3.9 (1.2)

* Not analyzed.
Indus No. 1 Mine

Location: 1lat 25°42'46" N., long 68°09'00" E.
Surface elevation: 400 ft (122 m)
Depth to top of sample: 183 ft (56 m)

Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiq A. Khan, GSP, August 25, 1985.

Section sampied

Description Thickness
ft (m)
* (laystone (roof) PR
Coal (USGS No. W233220) 6.0 (1.8)
* Carbonaceous shale (floor) e
Total bed thickness 6.0 (1.8)
Total thickness sampled _ 6.0 (1.8)

* Not analyzed.
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National Mine No. 1

Location: 1lat 25°43'55" N., long 68°08'45" E.
Surface elevation: 415 ft (127 m)
Depth to top of sample: 183 ft (56 m)

Bench channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiqg A. Khan, GSP, August 27, 1985.

Section sampled

Description Thickness
ft (m)

* Carbonacous shale (roof) ——m omm

* Coal (not sampled) 0.2 (0.05)
Coal (USGS No. W233221) 5.8 (1.8)

* Carbonaceous shale (floor) = .o ——— ae-
Total bed thickness ’ 6.0 (1.8)
Total thickness sampled ' 5.8 (1.8)

* Not analyzed.

Baluchistan No. 14 Mine
Location: 1lat 25°40'50" N., long 68°11'05" E.
Surface elevation: 370 ft (113 m)
Depth to top of sample: 140 ft (43 m)

Bench channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafiqg A. Khan, GSP, August 27, 1985. ‘

Section sampled

Description Thickness
ft  (m)

* Carbonaceous shale (roof) ——— -

* Coal (not sampled) 0.2 (0.05)
Coal (USGS No. W233222) 3.2 (0.99)

* Carbonaceous shale (floor) ' —— mm-
Total bed thickness 3.4 (1.0)
Total thickness sampled 3.2 (0.99)

* Not analyzed.
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PMDC Mine No. 1

Location: Tlat 25°42'10" N., long 68°10'20" E.
Surface elevation: 400 ft (122 m)
Depth to top of sample: 235 ft (72 m)

Bench channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafig A. Khan, GSP, August 28, 1985,

Section sampled

Description Thickness
ft  (m)

* Claystone (roof) JRO——

* Coal (not sampled) , 0.1 (0.04)
Coal (USGS No. W233223) 5.1 (1.6)

* Carbonaceous shale (floor) ——— -
Total bed thickness ) 5.2 (1.6)
Total thickness sampled 5.1 (1.6)

* Not analyzed.

PMDC Mine No. 3
Location: 1lat 25°42'37" N., long 68°09'24" E.
Surface elevation: 380 ft (116 m)
Depth to top of sample: 210 ft (64 m)

Face channel sample, Lailian bed, collected by Fred 0. Simon, USGS,
and Rafig A. Khan, GSP, August 28, 1985.

Section sampled

Description Thickness
ft (m)
* Fossiliferous claystone (roof) | mme eea
Coal (USGS No. W233224) 3.0 (0.92)
* - Carbonaceous shale (floor) ——— m—— o
Total bed thickness 3.0 ( .92)
Total thickness sampled 3.0 ( .92)

* Not analyzed.
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PMDC BT. 11 Shaft (idle)

Location: 1lat 25°45'12" N., long 68°05'07" E.
Surface elevation: 400 ft (122 m)
Depth to top of sample: 208 ft (63 m)

Two bench channel samples, Lailian bed, collected by Fred 0. Simon, USGS,
August 30, 1985. Mine idle for two months.prior to sampling.

Section sampled

Description Thickness
ft  (m)

* Claystone (roof) JEpE——

* Coal (not sampled) 1.1 (0.33)
Coal (USGS No. W233226) 1.8 (0.56)
Coal (USGS No. W233225) 6.4 (2.0)

. .“ )

* (Carbonaceous shale (floor) m— mm-
Total bed thickness ' (9.3) (2.9)
Total thickness sampled (8.2) (2.6)

* Not analyzed.

Amin Bros. No 22-C Mine
Location: Tat 25°05'40" N., long 68°08'09" E. -
Surface elevation: 179 ft (55 m)
Depth to top of sample: 95 ft (29 m)

Face channel sample, unnamed bed, collected by Fred 0. Simon, USGS,
and Rafiqg A. Khan and Mukhtar, GSP, August 16, 1985.

Section sampled

Description Thickness
ft  (m)
* Shale (roof) -——— ===
Coal (USGS No. W233208) 1.8 (0.55)
* Carbonaceous shale (floor) ~— ma-
Total bed thickness 1.8 (0.55)
Total thickness sampled 1.8 (0.55)

* Not analyzed.
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Lalazar Mine (National)

Location: Tat 25°03'48" N., long 68°06'24" E.
Surface elevation: 210 ft (64 m)
Depth to top of sample: Not measured

Face channel sample, unnamed bed, collected by Fred 0. Simon, USGS,
and Sabahat Noor, and Saleem Khan, GSP, August 16, 1985.

Section sampled

Description Thickness
ft  (m)
* (arbonaceous shale (roof) IR
Coal (USGS No. W233209) 2.6 (0.80)
* Carbonaceous shale (floor) ‘ _—— —--
Total bed thickness 2.6 (0.80)
Total thickness sampled . - 2.6 (0.80)

* Not analyzed.
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CEOLEERICEL TesTING
. COAL. WATER, AND MATERIALS ANALYSIS
R'D. 2, BOX 124
Somerset, Pennsylvania 15501

Phone: (814) 445-6666 or 443-167
COAL ANALYSIS REFORT

Client: United States Geolagical Survey Date of report: 09/30/85 %

USGS Lab No. 3 State: PK Field ID: 85LKO01A1/3-3/ ~*

Lab NO. ULD2570 %##%%5EERRFHMTEEIEEREFERHNETHENRHERHXERHHER

AIR DRY LOSS 16.99 RESIDUAL MOISTURE 13.78 ‘
. as-received Dry ‘Dry ash-free ™
PROXIMATE ANALYSIS . ' B
HOiSlUf‘e ol‘nnn-o.c-nn 28-42 - s
Ash l'l.l'.'.-l..’;ll 11.78 16046 ,-A “ o
Volatile Matter ....... 28.29 39.52 47.31
Fixed Carbon ........., 3051 44.02 52.49 -
100.00 - 100.00 100.00
ULTIMATE ANALYSIS
Hydrogen ....ccecceceass b6.42 4,52 5. 41
carbon ® 6 88 assacaassass 44'21' 61‘76 73.93
Nitrogen ............. 0.78 1.09 1.30
Sulfur cermcacansen. 443 6.19 7.41
Oxvaen cesscnssceses 32.38 9.98 11.95
‘fsh cssenesasases 11.78 15,46
100.00 100.90 100. 00
HEATING VALUE (BTU/LE) 7808 10906 120585
FORME OF SULFUR :
Sulfate sulfur ....... 0.27 0.28 0.45
Pvritic sulfur ..... o 305 4,24 5.10
Jrganic sulfur ...eca. 1,12 1.58 1.86
FRES SWELLING INDEL Q.0
APPARENT SPECIFIC GRAVITY 1.29
HERDCROVE CRINDABILITY INDEX 72
ASH FUSION TEMPERATURES ‘Reducing Atmosphere) (Oxidizing Atms.)
Initial Deformatien 20803 F 2480 F
Seftening Temo, Ly F 2640 F
Fluigd Temnp. 2820 F 2720 F
Hemispherical Temp. 2180 F 2670 F
e i



GEOLH:EMICEL TESTIRG

COAL. WATER, 'ANB MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsylvania 15501
Phane: {814) 445-6666 or 443-1671

.7+~ COAL ANALYSIS REFORT

blient: United States Geological Survey Daie of report: 09/30/35

oolC

USG6S Lab No. ? State: FK Field ID: 85LK011C1/9-9/
Lab No. U1257% *********************************************
AIR DRY LOSS 16.18 RESIDUAL MOISTURE 16.74

As-received Dry Dry ash-freef
PROXIMATE ANALYSIS SRR
Moisture  ..cecceccceee 30.22
Ash 4 8 @ 3 A8 s & s aesysss 19 17 27'47 ; -
Volatile Matter ......» "%4.78 35.52 48.97 ..
Fixed Carbon ......c.. 25.83 37.01 51.03
100. 00 100. 00 100.00
ULTIMATE ANALYSIS .
HYdrogen ...cceecescecs &.12 3.93 5.42
Carbon ceseesaccnenss 35.51 50.89 70.16
Nitrogen ...eeascecnees 0.72 1.03 1.42
Sulfur caastassesaan 3.26 4,67 4. 44
Oxyaen cecesesensess 35,22 2.01 16.56
Ash # s ¢ &8 & " a2 nsarus 1?.17 27-47
104,00 100.00 100,00
HEATING VALUE (BTU/LED 4247 gesz 12343
FORNMS OF SULFUR
Sulfate zulfur ....... 0.30 0,44 0.41
Pypitic zulfur  L,..... 2.23 3.19 4,40
drgsric zuléup . 0.73 .04 1.43
FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY 1.43
MARDMERDVE CRIMDERILITY INREX e
A% SUBION TEAPERATURES (Requcing Aimozohere) (Oxidizing Atms.)
Init:e; eforpatecn 2Zen  F 2670 F
§?§:en1ng Temso 2EEQ F 2700 F
Flusa Temp 2530 F 2730 F
Hemispherical Temp 2580 F 2710 F
T e e -
/‘7 P A_a=d 4'( ¥ /.4/’/ ';__,_.gé.-!,x/
Forrest E. dziker
Dipsctap 2f Vachnizsl Sepvices



GCOCHEMICRL TESTIRDG
' COAL, WATER..ANB MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsylvania 15501

Phone: (814) 445-6666 or 443-1671
‘COAL ANALYSIS REPORT

Client: United States Geoloaical Sufvey Date of re?ort: 09/3Q{§§é
USGS Lab No. 3 State: PK Field ID: 85LK00241/3-3/

Lab NO. UL2572  EEREREREREEEEEEIER KR ENRIIIR SRR RE R ECRERER

AIR DRY LOSS 21.03 RESIDUAL MOISTURE  15.60
As-received Dry Ory ash-free
FROXIMATE ANALYSIS ’ :
NOiStUPe assssessenss 33.35 .
hsh s s s @S s soNOEEaRRS 13’94 20.?2 y e
Volatile Matter ....... 25.6b 38.50 48. 69
Fixed Carbon ....c.c.. 27.05 40.58 51.3%
100.00 100.00 100.00
ULTIMATE ANALYSIS )
Hydrogen ....cecececee. 46.58 4,27 5.40
Carbon cveannssnanss 37.75 56. 64 71.63
Nitrogen ..eececeacses 0.74 1.15 1.45
Sulfur catecesasacas  3.85 5.33 b6.74
Oxvaen cescenva cseee 37.42 11,69 14,78
Ash ceetceseacass 13.94 20,92
190.00 102.00 100.00
HEATING VALUE (RTU/LED 4683 10027 124680
FORMS OF SULFUR )
Sulfate sulfur ....... 0.31 0,47 0.59
Fvritic sulfur ....... 2,08 T2 .95
Orgenic sulfur ....... 1.14 1.74 2.30

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY 1.44
HARDGROVE GRINDABILITY INDEX &9

4%H FUSION TEMPERATURES (Reducing atmeozphere) (Oxidizing Atms.)
Ini-i13i Deformation 2120 F 2400 F
Sofiening Temo. 2230 F 2440 F
Filuid Temo. 5706 € 2700 F
Hemispherical Temp. 2340 F 2500 F

Forrest E. Weik
Qiractior o+ 7T
A



GESCHERHIRL TESTING

COAL, WATER, _ARﬁ MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset. Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

Client: United States Geological Survey Date of report! 09/39{85"

USGS Lab No. State: FK Field ID: 85LK0031/2-2/2

Lab NO. U12573  SXRFERARARNEHEHEEEE R LHLIIERARE R HRRREII

AIR DRY LOSS 16.81 RESIDUAL MOISTURE 11.08
' | as-received Dry Dry ash—free_.

PROXIMATE ANALYSIS . : WU

noistupe € @ @ 8 & "z awes 26.02 ‘
Ash 8 48 & e g a8 wPEUSE&e s aaa 25.!74 34.79 1 M
Volatile Matter ...:....r 25.95 35.07 53.78
Fixed Carbon ......... 22.29 30.14 46,22
100. 00. 100. 00 100. 00
ULTIMATE ANALYSIS .
HYdrogen ...cccceeace.e 5.58 3.60 5.52
Carbon eevzaessesaaa 32,33 43.70 67.01
Nitrogen ..iicceanceas 0.64 0.86 1.32
Sulfur cevsnssannnas 3.97 5.36 g.22
Uxygen creaziasanans 31.74 11.49 17.93
4sh ... creveesas 25.74 34.79
100.00 100.00 100.00
HEATING VALUE (BTU/LED 5747 7795 11954
FORMS OF SULFUR
Sulfste sulfur ....... 2.85 1.15 1.76
Pvpitic suifur ....... 2,25 3.04 4,66
Oraganic suléur ... - 0.27 i.17 1.80

SREE ZWELLING INDEX 0.0

APPARENT SPECIFIC GRAVITY 1.58

HesDiROUS GRINDeRILITY JmpEx 73

EQUILIBRIUM MOISTURE 26.47% )

o FUSTON TEMPERATURES (Recucing 4imosphers) (Oxidizing Atms.)
51 i Defoarmarian v F 2650 F
Softening Teme, £ 2670 F
Filusg Temo £ 2780 F
HYemispherical Temp. F 2700 F

at YT
T T L A~

Forrest =, Waliker

Diermacior of Ta2ghneg
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GEOTHENNIDL TCETIRG
© COAL WATER, AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

Client: United States Geoloaical Survey Date of report: 09/30/35;

USGS Lab No. 2 State: PK ' Field ID: 8SLKO004A1/2-2/

Lab No. U12574 *****{*******ﬁ*****i*****ﬁ************i******

AIR DRY LOSS  18.83 RESIDUAL MOISTURE  13.50 : _{f-“j’f;
As-received Dry Dry ash-free
PROXIMATE ANALYSIS i
Moisture ............ 29.87 B
Ash S &5 veo 9aSaaAass s 18.11 25'83 ; N
Volatile Matter ....... .19 37.35 50.36
Fixed Carbon ......... 25.83 36.82 49.64
100. 00 100. 00 100. 00
ULTIMATE ANALYSIS .
Hydrogen ....ccecasses &, 34 4,2 - 8.77
Carbon B - . 1¢ 52.08 70.18
Nitrogen ...ciecancess 0.65 0.93 1.25
Sulfur cavaesisonean 3.72 5.30 7.15
Oxvgen e 11,641 15,465
Ash 4 & 8% © & 0 & &80 082 18.11 25.83
100.00 100.900 100.00
HEATING VALUE (BTU/LED 4487 250 12471

FORMS OF SULFUR

Sulfate sulfur ,.... .. 0,34 2.51 Q.69
P vretic sylfur ....... 2.0 2.86 3.84
Oraspic sulfur e 1.2 1,92 2,60
FREE SWELLIHEL INDEX - 0.9
HarDGROVE CRIMDABILITY IMDEX 70
APPARENT SPECIFIC GRAVITY 1.47
ASH FUSION TERFERATURES (Redycirc 4imczoner2) (Oxidizing Atms.)
init:3l Derarmation s 2670 F
Hc+::n-nﬂ Temp. F 2690 F
demlspherical Temp . F 2530 F
e /.40/ a,%«./
Fjrrest £, Walker
Directopr of Tacrnical Seryices



GEOCHEMIRL TESTIRG

COAL. WATER. AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: (81_4) 445-6666 or 443-1671

COAL ANALYSIS REPORT

tlient: United States Geological Survey Date of report! 09/30/85

USGS Lab No. State! FK Field ID: 85LV004BI/1

Lab No. U12575 ***%*****************i***********************_

AIR DRY LOSS 21.18 RESIDUAL MOISTURE 7.43

As-received Dry Ory ash-free,
FROXIMATE ANALYSIS -
Hoisture ' 4 8 8 322 58 8 sas> 27'04
Ash ~ A &8 8 3 8 3 A g s s as aseeyw 32'41 44.41 1
Volatile Matter ........ 21.77 29.83 53.67 ...
Fixed Carbon ......... 18.78 25.76 46.33
100.00 100.00 100. 00
ULTIMATE ANALYSIS .
Hydrogen .....cceccecs 5.82 3.41 6.13
carbo“ 2 8 ¢ ¢ 2 &8ss s ss ¢ 26.29 36'03 64.82
Nitrogen ..ceeccecanes 0.54 0.74 1.33
Sulfur P 2,44 1.37 6.06
Oxvygen T Y 4 12.04 21.46
gsh 4 86 ¢« €8 ¢ 88 488 s 32.61 44-41
100,00 100,00 100.00
HEATING YalUE (BTU/LID 447C 5408 11528
FORMS OF SULFUR
Sulfate zulfur [...... .21 4,29 0.52
Pvritic sulfur comens 1.74 2,38 4,28
Orpanic sulfur L...... 0,58 0,70 1,25
FREE SMELLING INDEX 0.0
APPARENT SPZCIFIC GRAVITY 1.62
HARDEEOME CRINDARILITY INDE: 73
aSH FURIDN TEmPERATHRES (Reducirg étmezonsnel (Oxidizing Atms.)
Inttesy Deosormation 2ray - 2800+ F
Sofrerniag Temp. 2FAGF 2800+ F
Filuia Tomn TG00 F 2800+ F
Hemispherical Temp. 2800 F 2800+ F
.~ __-':’_ .. ‘.\. Ap )‘" .
Forrezt . Haliker
Director o Technical Ssrvicec



GECCHEMIAL TESTIRG

COAL. WATER.. AND MATERIALS ANALYSIS
R.D. 2. BOX 124
Somerset. Pennsyivania 15501
Phone: (814) 445-6666 or 443-1671

'COAL ANALYSIS REFORT
Client! United States Geological Survey Date of report: 09/30/§§?
USGS Lab No. State: PK Field ID: 85LK0051/3-3/3
Lab No. U12574 ************i***********************#&*é?&%i&

AIR DRY LOSS  19.73 RESIDUAL MOISTURE  14.95 .-

As-received Dry Dry ash-free
FROXIMATE ANALYSIS :
Moisture ...ceece.e.. 31.73

Ash G W &6 4a ¢ 82 8 UsS s e 9 aas 16.02 23.47 ;
Volatile Matter ...v.... 28.45 37.27 48.70 .
Fixed Carbon .....c... 26.80 39.24 51.30
100.00 . 100.00 100. 00
ULTIMATE ANALYSIS .
Hydrogen . ...coscecces 6.31 4.04 5.28
Carbon sessccssesane 35.80 52.44 &8.52
Nitrogen ..iccscassnses 0.72 1.05 1.37
SUlfo‘ » 88860 es vt e 4.75 R 'ﬁ-q'ﬁ 9-09
Oxygen cetrescananas 36,40 12.04 15.74
Ash 4 8 8 8 8 AN 45 8 adcs }.6-’)‘:’.’ 23.47
100,00 100.00 100.00
HEATING YalLUE (RTU/LED 5479 2499 12400
FORMS OF SULFUR
Sylfate sulfur ....... 0.74 . 1.09 1,472
Pyritic sulfur L...... 2.4 4,05 .29
2rganic sulfur L....., 1,28 .32 2,28

FREE SWELLING INDEX 0.0

APPARENT SPECIFIC GRAVITY 1.48

#ARDGROVE CRINDARILITY INDEX 74

EQUILIBRIUM MOISTURE 28.89%

ASH FUSION TEWMPERATUREZ (Reducing simospherer (Oxidizing Atms.)
Intt:13l Deform e F 2450 F
Seftsning Temo F 2490 F
Fiuid Tampo, £ 2630 F
Hemispherical Temp. F 2620 F

- 7L
Forrest . walker
Directar of .Technical Seryices



GEGLKEMICRL YESTING
COAL, WATER. AND MATERIALS ANALYSIS
RD. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

Client: United States Geological Survey Date of report: 09/30/851

USGS Lab No. State: PK Field ID: 85LK004A1/1

Lab NO. UI2579 F#£EREXAXFFEAXREARERERRRRRARERXARERERERRRRERES

AIR DRY LOSS 19.49 RESIDUAL MOISTURE 9.75 . -
As-received Dry Dry ash—freéL
PROXIMATE ANALYSIS R
Moisture ...cceciecec.. 27.34 CT
Ash 8 8 " 98 agEs & oz 18.15 24.98 M
Yolatile Matter ........ 38140 39.08 §2.10
Fixed Carbon ......... 26.11" J5.94. 47.90
100.00 100.00 100.00
ULTIMATE ANALYSIS .
Hydrogen ..o.iieeencee.  8.07 4.15 5.53
Carban ceerricseeasee 38.84 53. 46 71.24
Nitrogen ....cccveen.. 0.72 0.98 1.31
Sulfur tiiieeeceness 3,32 4,587 5.09
Oxvagen O e S U 11.86 15.81
ash eeensmseseas. 18.185 24.98
100.¢0 100.00 100.00
HEATING VALUE (BTU/LR) 4997 9630 12337
FORMS OF SULFUR '
Sulfate sylfur ....... 0.17 0.24 0.32
Pyritic sulfur . . 2,21 .04 4,05
Drgansc splfur (..., 9.%6 1.2% 1.72
YRED SWELLING INDEX 0.0
SRR R A Thoes 22
EQUILIBRIUM MOISTURE 26.94%
a5k FUTION TEMRERATURES 'Reducing atmospners) (Oxidizing Atms.)
Insr:al Daformatisn I F 2640 F
Scftening TYemo. 2540 F 2710 F
Fluig Temp. L7 F 2780 F
F 2730 F

Hemispherical Temp. 2530

?é ?7/%

ﬁr‘r‘ﬁﬁ? h " r
n —\:po,-,—\ f'\’ acpns

i£al service

..7
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GEOCHEMIIAL TESTIRG

COAL, WATER, AND MATERIALS ANALYS!S
R’D. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT
Client! United States Geological Survey Date of report: 09/30/85
USGS Lab No. 2 -  State: PK Field ID: 85L500681/2~2/
Lab No. U12580 JRERRH R IR XN E KRR RE KRR IR R ERREER
AIR DRY LOSS 17.14 : RESIDUAL MOISTURE - 10.39
| As-received Dr} Dry ash-free

PROXIMATE ANALYSIS
Moisture eeasassscnces 25.75

ASh s s s esvcscsassssssrs 26;61 35-84 ‘ n
Volatile Matter c.eceow 094 33.58 52.34.
Fixed Carbon ..eceveee 22.70 30.58 47.466
100. 00 100.00 100. 00
ULTIMATE ANALYSIS .
Hydrogen .....ccececaes 5.46 3.74 5.83
Carben ecacerresannss J2.73 44,08 _48.70
Nitrogen ...iceccnsaces Q.45 0.87 1.36
Sulfur @ 8 % & s 88 suSsE 3.69 4-97 7.75
GXYQED » e R s 80t zona8a 30-'5-5 10-50 16-36
Ash wescasensasse 26,41 35.84
100,00 100.00 100.00
HEATING YalUE (BTU/LEY 5§73 7789 12140
FORMS OF SULFUR
Sulfate zulfur ....... 0.38 0.47 0.73
Fyritic sulfur ..ecsss 2. 484 3.58 .58
drasn:s sulfur ..., 0. &8 0.72 1.44
FQEE SWEL L TNC INDEX .0
APPARENT SPECIFIC GRAVITY 1.54
HarRDGROVE CRINDARILITY INDE; 79

EQUILIBRIUM MOLSTURE 26.61%

ASH FUSIOM TEMFERATURES (Regucing Atmospnere! (Oxidizing Atms.)
Iinittal fDaformartion ECT I 2770 F
Sof+tening Tanr 2880 F 2800+F
€luid Temp. 2800 F 2800+F
Hemispherical Temp. 2730 F 2800+F

== AN

':';.‘ '{l,lsf}’z..,ﬁ(/:/ ) ’/" ‘:,_; G
rorrect E. Kalker

Directcor ot 1zCnpical Serv:ces



GEDCHEMICR? TESTING

COAL. WATER, AND MATERIALS ANALYSIS
A.D. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: {814) 445-6666 or 443-1671

COAL ANALYSIS REPORT
tliént: United States Geological Survey Date of report: 09/30/85::
USGS Lab No. State: PK - Field ID: 85LK0071/2.2/2
Lab No. U12531 *******ﬁ********************#***************éi

AIK DRY LOSS 19.21 RESIDUAL MDISTURE .14.40
As-received Dry Dry ash-ffééT

PROXIMATE ANALYSIS
Moisture esssescasace J0.84

Ash 2 8 s ¢ s sevasSeSsasse 16.80 24.29 1
Volatile Hatter c..ocea., 28,40 35.27 46.59
Fixed Carbon ....ccc.. 27.96 40. 44 53. 41
100. 00 100.00 1006.00
ULTIMATE ANAQLYSIS _ .
Hydrogen ® & 4 5 & A 248 zss 8 6-23 4.02 SI31
Carbon f a8 &assaneassea 35.73 51.67 68-25
MitrOOBND .cescasnesanss 0.469 1.00 1,32
Sulfur tesseseenanaas 5. 44 - 8415 10,77
Qyyaen ceiasscrasese 34,71 10.87 14,35
ésh ®» 5 ¢ g s % qae 00 nda 16-80 24-2?
190.00 100.00 100.00
HEATING ValUE (2TU/LRD 4423 9287 12267
FORMS OF SULFUR
Suifare zulfur ....... i, 58 0.24 1.11
Pvritic sulfur ....... 4, 37 b.32 9.35
ftneanec zulfur LLL... 2,469 0.%% .38
FREE SWELCTNG INDEX CLO
APPARENT SPECIFIC GRAVITY 1.48
sEEUeAdys GRINDARILITY INDEY 71
AEm SUSION TERPIRATURES (Recucing 4tmeoseners? (Oxidizing Atms.)
Initial Jeformatisn Q& F 2520 F
cafrTeninc Temp 2i% F 2690 F
Fiutg Temp 24320 - F 2730 F
Hemispherical Temp. 2170 F 2710 F

NamZae ST L2



GOk

ICAL TESTING

COAL. W.TER, ANB MATERIALS ANALYSIS

R. D 2. BOX 124

Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS. REFORT

Client: United States Geoloagical Survey

USGS Lab No. 2 State: PK

Lab No.

AIR DRY LOSS 19.84

Field ID:

RESIDUAL;NOISTURE

Date of report: 09/30/85

B5LKOOBA1/2-2/

U12582 #¥EXRERRRRRXEFERARARERHRLLRRNEARRE AR ERERKERE

14.31_

R

Dry ash-frég?

As-received Dry
PROXIMATE AMNALYSIS :
Moisture wescssscscns 31,31 i
Ash L0 B B BN BE BN N O BN B BN B B BN N IR ) 12.39 18.04 ; i
UOlatile Hattef‘ *s e s ae c',A y: 15’ 39. 52 48v22 .
Fixed Carbon ......... 29.15 42,44 51.78
100.00 100. 00 100.00
ULTIMATE ANALYSIS ‘ .
Hydrogen ..cccceccess. §.61 4,52 5.51
Carbon cessasccnzons 37.99 §8.22 71.03
Nitf‘ogeh a’c.-n.c-anc'- 0067 O 98 -CAO
Sulfur crascasinasas 4,58 4.62 8.08
Oxygen tsceeninaneas 35,79 11,42 14.18
Ash ® 9 8 ¢ a o 8 u 8 Sa v 12-39 18004
100,00 100.00 100,00

HEATING VALUE (BTU/LR) 712¢ 10378 12662

FORMS OF SULFUR ‘

Suifate sulfur ....... Q.42 0,41 0,74
Fyritic sulfur _,..... 2.91 4,33 5.1
frgenic sulfur fesans 1.22 1.7¢8 2.18

FREE SWELLING INDEX 0.0

APPARENT SPECIFIC GRAVITY 1.50

HARDGROVE GRINDARILITY INDEX 72 ’

ASH FUSIOW TEMPERATURES (Raducing Atmosphere) (Oxidizing Atmosphere)
Initeal fstormanion Pl F 2530 F
Sofizning Temo. 2200 F 2620 F
Fluysa Temo 50 F 2740 F
Hemispherical Temp 2610 F 2690 F

~ T 7
F o o e
Forrest £, Wziker
Directar of Tecnnpical sarvifes



GEOCHEMIAL TESTH:D

COAL, WATER, AND MATERIALS ANALYSIS
R.D. 2, BOX 124 |
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

Client:.United States Geological Survey Date of report: 09/39/85

USGS Lab No. 2 State: PK Field ID: 8SLKO08E1/2-2/

Lab NO. UL2583  #%EREEHHBHABRBEHEXREAREARLEEHERER R RARRRERRH

AIR DRY LOSS 17.26 RESIDUAL MOISTURE  15.55 .
As-received Dry Dry ash-free.
PROXIMATE ANALYSIS e
Hoisture . s s s reecssaenas 30-12
Ash s S s 8 p8rasSSsescsadys 15‘20 21'75 B ’
Volatile Matter ........ 36:21 37.51 47.93 .
Fixed Carbon ......... 28.47 40.74 52.07.
100. 00 100. 00 100. 00
ULTIMATE ANALYSIS .
Hydrogen ....c.cciecaeee b 44 4,39 S.61
Carbon ® 8 8 2 88 s 8 v asssas 38.06 54.46 69.59
Nitrogen ....c.ceccacen 0.71 1.02 1.30
Sulfur cssasssesicna 2.90 4.16 5.32
Dxvaen sesrsenccsans 3H.867 14,22 15.18
.&.Sh e 8 £ 6 o 8 ¢ 0 a8 8 8so0e 15-20 21'75
100,00 109.00 100,090
HEATING YALUE (RTU/LR) 4337 9783 12502
FORMS 0DF SULFUR
Sulfate sulfur ....... Q. 2: 0,38 0.49
Fuyritic sulfur ...... 1.83 2.43 3.3
drgenic sulfur LLoLL.. g.81 1.15 1.47
FREE SWELLING IRDEX (0.0
PPARENT SPICIFIC GRAVITY 1.45
HARDGROVE CRINDAZILITY. INDEX L4
TH FUSIOM TUMBEReTURES (Reducing &imosphere) (Oxidizing Atms.)
Intgt:13l Deformztion 2300 ¢ 2500 F
Softenine Temb. 3180~ 2560 F
Siluid Teomo *Lad T 2690 F
Hemispherical Temp. 2430 F 2590 F
. \ Pl
2Z s 24
;f';;)/.,vf'/ < /(/fow
Forrest <. nziker
Director of Tochnica: Servigas



GEGCHEMICRL TESTING

COAL. WATER, AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT
‘Client: United States Geological Survey Date of report: 09/30/8§V
USGS Lab No. State: PK Field ID: 85LK009A1/1 -
Lab NO. ULD584 #ARXERAEERREEERFERERER R ERHERERHRRRERKFRE

AIR DRY LOSS 22.76 RESIDUAL MOISTURE  10.11

As-received Dry Dry ash-free

PROXIMATE ANALYSIS
Moisture ccassuseaces 30.57

Ash LRI N BN N O B BN B BN BN BN B BN BN J 10 73 ’ 15.45 N

Volatile Matter i....... 38!31 40.77 48.22

Fixed Carbon ......... 30.39 43.78 51.78
100. 00 100.00 109.00

ULTIMATE ANALYSIS

Hydrogen .ecccoccececaas 6.59 4,57 5:41
Carbon 4 323 8 88 8 P &aamac©s _ 41-52 59'80 70.73
Nitrogen .....ccceee.. 0.7 1.02 1.21
Sulfur Cecnscossaanse 4,12 5.94 7.03
Oxygen veesassssaces 36,33 13.22 15.42
ésh ..ICGIOIGII'QU 10-73 ! 15.45
100.00 100.00 109.00
HEATING VALUE (BTL/LE? 74692 11079 13104
FORMS OF SULFUR
Sulfate sulfur ....... 0.14 0.20 0.24
Pyritic sulfur ....... i.88 2.71 3.21
Organic sulfur _...... 2,10 3.03 1.58

FREE -SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY 1.21
HARRDGROVE GRINDABILITY INLEX £y

45H FUSION TEMFERA re) (Oxidizing Atms.)
Init:zl O 2510 F
Sofiening £ 2530 F
Fiuid Temr. F 2630 F
Hemispherical Temp. 2350 F 25330 F

oo f
st /: = 'l'l'/ A v
VAV e S AL VAN
3 -
Forrest . ialker
Dipocrop of Tochpnical Sspvdeces



GEQCHERIICAL TESTING

COAL. WATER, AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset. Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REFORT
Clientf United States Geological Survey Date of report: 09/30/85

USGS Lab No. 2 State! PK ~ Field ID: 95LK009B1/2-2/

Lab NO.  UID2585  HRMHNEMMKK K KSR K251 KN K2 K6 6067636 366 6 6

AIR DRY LOSS 16.69 RESIDUAL MOISTURE 16.56 &.3
As-received Dry Dry ash-freé
- — — ___ PROXIMATE ANALYSIS .
ﬂoisture LI BN B BN BN S IR BN O & 3N ) 30.49
Ash s2sessacasecsesscsess 13527 19.09 ’
Volatile Matter ........ 28115 --40.50 50.05
Fixed Carbon ....c.... 28.09 40.41 49.95
100.00 100.00 100. 00
ULTIMATE ANALYSIS .
H.'-vdrogen e 8 s ¢ @88 s8N élsl 4-46 . 5.51
Carbon ceveevssseses 40.39 58.11 71.82
Nitrogen ...ccceieceess 0.76 1.10 1.36
Sulfu" Il.,'l.l'll"l 3.58 5.15 6.36
{txvgen evssansenvees 35.49 12.09 14,95
Qsh 4« 8 eoceseasscacts 13.27 19.09
100.00 100,00 100.090
HEATING ValilE (BTU/LR) 7205 10345 12810
FORMS OF SULFUR
Sulfate sylfur ..c.... 0.19 0.29 0.35
Fyritsic sulfun ..., 2.5¢% 1.72 4. 40
Oraqanic sulfur L...... Q.20 1.15 1.41
FREE SHELD TN INDEX 0.0
APPARENT SPECIFIC GRAVITY 1.43
HeRDLNOVE CRINDORILTTY INDEY 47
stW SHGION TEMPER&TURES (Reaucing 4Atmocohere) (Oxidizing Atms.)
Inttezl DsformatTion 2R S 2510 F
tofiening Temp. s 2550 F
Flusd Temo. } RTINS 2660 F
Hemispherical Temp. 2350 F - 2570 F
) = ye=
;?igg/bdfiyéf'éé//\/l»A*’
Forrest E. Halker
Diractor of Technicsl Services



Client: United States Geological Survey Date o% report: 09/30/

USES Lab No. ' State: PK Field ID: 8S5LK0101/2-2/2

GEOCHEMICK!, TESTING

COAL, WATER, AND MATERIALS ANALYSIS
R.D. 2. BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REFOKRT

T

Lab No. U12586 REEXEXEREXREXLERERERFEERCRRLRRLELERREEEERRERRS

AIR DRY LOSS 17.77 RESIDUAL MOISTURE 11.77 - .~
As-received Dry Dry ash-freef
PROXIMATE ANALYSIS o
Moisture . 1. T T T
Ash 2 % ¥ v o8 " e TE S B NLS 11.24 15.49 .
Valatile #atter ....... 31s89 43.95 §2.01
Fixed Carbon ......... 29.42 40.56 47.99 -
100.00 100.00 100.00
ULTIMATE ANALYSIS .
H_le"ﬂqeﬂ e s s e evesawsanse 5-51 ° 4'74 5-61
Carbon‘ ll;.ll..‘.‘.l 43.10 S?-41 70.30
Nitpogén & 2 &8 % 2 2 o 0 & aase 0.80 1.10 1.30
Sulfur cessesvanenns 4,77 .57 7.77
Oxygen secscasasenes 33.58 12,49 15.02
Ash 24 # ® @ 9 @ 8 9 8 % 2 be 11.24 15-49
100.00 104,00 100.00
HEATING UALUE (8TU/LBE) 7842 10809 12790
FORMS OF SULFUR
Sulfate sulfur ....... 0.87 1,20 , 1.42
" Pyritic sulfur LL...... 3.05 2,20 4,97
drganic suifur  L...... .35 1.17 1.38

FREE SWELLING INDEX 0.0

APPARENT SPECIFIC GRAVITY 1.34
HARDGROWE GRINDABILITY INDEX &4

EQUILIBRIUM MOISTURE 26.21
ASH FUSIDN TEWMPERATURES {Reducing 4tmozpnere! (Oxidizing Atms.)
1

52

Intteal Dzformation 214 F 2530 F
Fluis Temo. 2810 7 2650 F
Hemispherical Temp. 2280 F 2600 F

= ——— 4
o il
T T P W alfnr
Farrest £. kalker '
Director of Teochnica

Seprusmas
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GESCHEIIICRL TESTING

COAL. WATER, AND MATERIALS ANALYSIS
R.0. 2, BOX 124
Somerset, Pennsylvania 15501
~ Phone: (814) 445-6656 or 443-1671

COAL ANALYSIS REPORT

Client: United States Geological Survey Date of report: 09(30/851

State! PK Field ID: 85LK0111/3-3/3 -

USGS Lab No.

Lab NO. U12587  #REREREAEREEEHRAREEEREEERRERFHINIE KR KRR EREEERS

AIR DRY LOSS  18.57 RESIDUAL MOISTURE  13.44 - .

R e

As-received Dry Dry ash—free.
PROXIMATE ANALYSIS ‘ SRR
MOiStUre  ceccceseeces 27.78
ﬁSh ssesmsssessvavwcnse ls.és 21-6# ‘ - ’
Volatile Matter i.eec... 31147 43.58 55.42 . .-
Fixed Carbo? ..cceec.. 25.12 34.78 44,38
100.00 100. 00 100.00
ULTIMATE ANALYSIS .
Hydrogen S Sgs sseas gy e VwS 6-27 4‘38 5-59
Carbon ® 89 88 sC s s B 40.24 55.72 71.11
NitrOQEn @ 8 88 P ussacacses 0‘78 1.08 1.38
Sulfup l...»...’..l.l 3.86 5.35 6.83
Oxvgen ceevsasecasas 33.22 11.83 15.09
Qsh ® & wsSasessaswacs 15l63 21.64
100.00 109,00 100,00
HEATING VALUE (ETU/LED 7118 989584 12879
FORMS OF SULFUR
Sulfate culfur ....... 1.53 2.12 2.7
Pyritic sulfur ....... 1,29 2.748 3.52
drganic sulfur ...... 0,34 0.47 0, &0
FREE ZWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY 1.44
CHERDCHROVE CRIMDemILITY INDEY 45
&5 FUSION TEWMPERATURES (Reducing atmozpnere) (Oxidizing Atms.)
Imetizl fsformation 23z F 2640 F
Snftsning Temzo. 2370 ¢ 248C F
Fluig Temp 2550 ¢ 2570 F
Hemispherical Temp. 2400 F 2520 F
== R ‘
— 5,7
}{;{:;;'/‘:A//‘: v.:.'_:{ ’e';‘:’ {:-\1’/':7; Lor
Faprest E. daiker
Dirsctapr of Yachnicai Services



GEOLHEMICEL TESTING

COAL, WATER._}AND MATERIALS ANALYSIS
R.D. 2. BOX 124
Somerset. Peansylvania 15501
Phane: (814) 445-6666 or 443-1671
_COAL ANALYSIS REFORT
Client: United States Geoloaical Survey Date of report! 09/30/?5;%
USGS Lab No. 2 State: PK Field ID: 85LK01241/2-2/

Lab NO. U127588 ##¥EEXXXEFEREAAXFEERAREREEEXREXRBERRRARREREELEH

AIR DRY LOSS 20.36 RESIDUAL MOISTURE  12.29

: As-received Dry Dry ash-fﬁééf
PROXINATE ANALYSIS o
Moisture ....c.ecec.. 30015

ASh S sasssasdsasassscsss 12-10 ) 17.33 ’
volatile "atter Tsavasss,. 36-(01 420 97 51&98 -
Fixed Carbon ......... 27.73 39.70 48,02
100,06  100.00 100.00
ULTIMATE ANALYSIS .
HYdPOQGn asnsascsanane '5.“.3 : 4-37 5-2?
Carben aenscecascsss 40.95 £8.44 70.93
Nitrogen ..ececceoca.s 0.71 1.01 1.22
Sulfur sieatasencnas 4,05 5.80 7.02
DXYQEN  eenerneeenee. 35.74 12,85 15. 54
Ash @ &8 8 82 o0 suas 12.10 17.33
100,00 100.00 100.00
HEATING VALUE (BRTU/LR) 7334 10565 12707

FORMS OF SULFUR

Sylfate sulfur ....... 0.24 0.38 0. 48
Fyritic sulfur ....... 2,83 3.62 4,38
Organic sulfur ....... 1,24 1.80 2.18
FREE SWELLIMG INDEX Q.0
APPARENT SPECIFIC GRAVITY 1.39
HARDGROVE GRINDABILITY INDEX 47
4SH FUSLON TEMPERATURES (Reducing 4imospher2) (Oxidizing Atms.)
Inttizl Deformztion 2500 F
Spoftening Temo 2590 F
Fluigd 7Temo. 2700 F
Hemispherical Temp. 2660 F

——

Y/
y g as /’2‘ YA
Farrect E. Waliier

Diraciar of Technical Szrvice
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GECIREIICRL TESTING

COAL, WATER, AND MATERIALS ANALYSIS
R.0. 2, BOX 124
Somerset. Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

Client: United States Geological Survey Date of report: 09/30/85i5

USGS Lab No. 2 State: PK Field ID: 8SLKOi2B81/2-2/

Lab NO. U12580 #k&¥HEEXEKHEEEERREERNWHHAREERREEHR CRRRARREHE -

STl

AIR DRY LOSS 20.29 RESIDUAL MDISTURE 12.44
As-received Dry Dey ash—fﬁégi
PROXIMATE ANALYSIS : ) o
nOiStUPE ssscssvassuase 30- 22 711.{_‘.‘?;
Ash ® 8 o 8 88 89 e Saaacusse 15-44 22.13 1'
Volatile Matter ........ 3.0t 38.7% 49.7% i~
Fixed Carbon ......... 27.33 39.16 50.2 -
100. 00 100. 00 100. 00
ULTIMATE aNabLYSIS .
Hydrogen ....cceisceas 6.37 .28 5.50
Carbon cacessasessse 37.73 54,064 492.42
Nitrogen ...cieasencse . 0.67 0.96 1.23
Sulfur Il..il‘..l.lll.- 4-36 6.25 8‘03
txyaen D - X 12.32 15.82
Asn 4 4 8 2 ® 40 8¢ a0 15.44 2:’-1
100,00 100,00 100.00
HEATTING UALUE QBTU/LQ) 4785 9723 12484
FOREMS OF SULFUR
Sulfsta zulifur ..., 0,33 0,48 0,42
Pvritic suifur (..., 3.08 4,43 £.48
drsanic sulifur e 0,95 1.38 1,72
FRCE SwEt LING INDEX 0.0
APPARENT SPECIFIC GRAVITY 1.50
HowpurR(eE QRIMDARILITY IpDEY s

ate SuSinn TEMPERATURES {2sgucine atmosphore) (Oxidizing Atms.)

....................

frnet:zy Defarmarion ) F 2500 F
sefianing Temp, 2270 F 2590 F
fiuid Temn. 530 € 2680 F
Hemospherical Temp. 2330 F 2620 F

Farrecst £, Walker
Dipoctop of Ta2chnical Sarvicas
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GECEHEIICIEL TESTIRG
© COAL WATER. AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

4.

Client: United States Geological Survey Date of report: 09/30/8&1

USGS Lab No. State: PK Field ID: 85LK012D1i/1

Lab No. U12590a/;***************ﬁ****;%f*****i************&i*

g.22 ..

AIR DRY LOSS RESIDUAL MOISTURE

23.23

As-received Dry Bry ash-{qg;
FROXIMATE ANALYSIS S
WJiSth’e o.-ounl.l;l- 29-54 )
ash edesaannesassars 24,94 25. 40
Volatile Matter ....... 22.45 J1.8% 49.32
Fixed Carbon .ceeeneee 23.07 I2.74 50.48
100.00 100.00 100,00
ULTIMATE anNaLYSIS .
H}/drcqen e 8 8 2 3 4 8 ® a0 S an 5'80 3'54‘ 5148
CanOﬂ 2 4« 8 28080 a4 88 caacs 29.&? 42.14 65.23
NIitrogen .Le.iveeveaeons 0.59 Q.84 .30
Sulfur G secrerecen .38 7.451 11.78
Oxvaen cetaranans .. 33.62 10,47 16.21
Ash e 4 » 4 a » s & v a L] 24(?4 35.AO
100,00 100,450 100.00
HEATING Vel Ue (QTU/LE) 8307 7832 11560
FORMS OF SULFUR
Syulfate zulifur Lol .ees .27 0,38 N,59
Pvpitic zylfur  _L..l... 4,97 2,08 10,91
ODraanic suléur L..es 0.i2 .18 0,22
FREE CGWEL:L IHE INDEX 0.0
APPARENT SPECIFIC GRAVITY 1.55
HARDCGROVE GRINDARILITY INDEX 20
GSH FUZION TERFERATURES ‘Reducing éimesphere) (Oxidizing Atms.)
Inctizl Deformation 2170 F 2650 F
Sovtening Temo. 2270 F 2680 F
Fluig Temo. 2680 F 2740 F
Hemispherical Temp. 2330 F 2700 F
C:w" .
» - C?I “h$
oﬁl‘/ ~ 6: ‘1;5 N e
Forrest E, Weliker
Derector of T2znnical Sznvicec



GECIHEMILAL TESTilik:
COAL. WATER. .AND MATERIALS ANALYSIS
R.D. 2. BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REFORT

]

€lient: United States Geclogical Survey Date of report: 09/30/85~

YSGS Lab No. State: PK Field ID: 85Lh0131/3—3/3 2

Lab No. 12591 /%*******ﬁ********ﬁ**k********rx*************i:

ARIR DRY LOSS 21.2¢ RESIDUAL MOISTURE  13. 80

Dry a:h frae'

As-received Dry
FROXIMATE 4N4LYSIS AR
Moisture * cieieeeacas. 32,08
Ash " 2 82 8 ® 0" S sgnsc PsEs o 11-63 17.12
Volatile Matter ....... 27.14 32.95 48.2L .
Fixad Carben ......... 29.15 42.93 51.79 -
100.00 100.00 100.00
LLTIMATE &NALYSIS .
H.decgen ® ¥ 2 8 8 s 88 8 ssus é-sl 4-30 5.19
carbenr .ieeee.. ceese 37,76 £8.54 70. 54
Nitrogen ...cecasseees  0.73 1.08 1.30
Sulfur traeevses cees 4,34 6.3% 7.71
Oxyaen . ¥ R K 12,57 1. 14
Ash cesreensneess 11,643 17.12
100.¢0 100,00 100.00
HEATING VALUE (RTU/LR) 7138 10810 12482
FOR®S OF SULFLUR
Suifate sulfur _...... D.52 0.75 0.92
Pyritic zulfur L.ecusa 2.%9 4,4} 5.32
feaanic gulfer s 0,93 1.22 1.47
FREE SWwEL ING TMDEX 6.0
APPARENT SPECIFIC GRAVITY 1.48
HARLGROVE GRINDARILITY INDEX 72
Atw FUSION TEMFERATURES (Reducing atmosznhere) (Oxidizing Atms.)
Initial Defeormation 2109 F 2670 F
Scttening Temo. 2140 F 2700 F
Fiuiag Temp, xtgn f 2760 F
Hemispherical Temp. 2180 F 2740 F
o il 7"/
//i;anﬂur174f’429 Lo

Wwalrer



Client: United States Geological Survey

GEOCHEMIEDE TESTING
COAL. VATER. AND MATERIALS ANALYSIS
R.D.2. 80X 124
Somerset, Pennsylvania 15301
Pho:.2: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

USGS Ladb No.

State: PK

Data of report! 10/21/85'

Field ID: B85LKOi4

Lab NO.  UL2423F < H3%%M0EHH%EEH0RE IR HHEHHHUHERTRHELHRERFATHEEHR

AIR DRY LOSS 17. 44

RESIDUAL HOISTUKRE

8.27

As-received Ory Ory ach-frez
PROXTHATE AR<.YSIS t
Hoistufe .;"l..."... 26.10
Rsh P I BB B A S R BN S AL BN B Y B N J 9'01. 12.19
Yolatile Matter ....... 31.49 42.42 48.54 .
Fizxed Carbon ..eeseeas 33.40 45,19 51.46 -
100.00 100, 00 100,09
ULTLKATE ANALYSIS .
HYQroCel .ecerseoseaee G.49 4,82 5.49
Carbon P9 €9 8 S 47.04 63'66 72.50
Nitrogen L.eceesceecess 0.88 1.19 1.36
Sulfur L RC O R B BN BN BN B BN B AN B J 3.56 4'82 5.#9
Ox?qen ® s & 88 P 3 8 sant s 3‘3.02 13'32 15.16
Ash LI B AN A A B BN BN BN AR AR J ?lol 12‘19
100.00 100.00 100.00
HEATING YALUE (BTU/LR) 8310 11245 12806
FORMS OF SULFUR
Sulfate sulfur ,...... 0.53 0.72 0.82
Pyritic sulfur ....... 1.6% 2.29 2.61
Qrganic sulfur ....... 1.34 1.8 2.06
FREE SWEZLLING INDEX 0.0
APPAREZNT S2ICIFIC GRAVITY = 1.35
HARDGROVE GRINDARILITY INDEX  S§7
ASH FUSION TEMPERATURES (Reducing Atmocsphere) (Oxidizing Atms.)
Initial Deformaticon 2040 F 24350 T
Softening Temop. 2060 F 2550 7
Fluid Temp. 2230 F 2640 F
Hemispnerical Temp. 2:00 ¢ 2580 F

Forrest E.

Nalker

Director of Technical Services
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GELHEFIIIRL TEETING
© COAL WATER. A%D MATERIALS ANALYSIS
R.D. 2. BOX 124 ,
Somerset. Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

.COAL ANALYSIS REPORT

Client: United States Geological Survey Date of report! 10/21/8»_5‘1‘L

W

ERTE

USGS Lab No. State: PK Field ID: S5LK01S

Lah NO.  U125724 2 HFutsh #4064 5 3 HEHHOOHHER 000U O

AIR DRY LOSS | 22.86 RESIDUAL MOISTURE 7.49 ,’fl

As-received Dry Dry ash-free
PROXIMATE ARALYSIS Sy
HOiSTUre .ciaeesnecas 28.48 Lo
ASR  sceucsnsssennsess .06 12,46 a

Yulatile Matter cevvs.a 31.81 44, 47 §0.92 .
Fixed Carbon ..eesese.s 30.47 42,87 49,08
100.00 100,00 100.00
ULTIMATE AJALYSIS .
H?dmgen O"'l.ldllﬂl.l 6'57 4'73 5'42
Carbon e 8 Sfessee®sasan 45-82 64-04 73'32
Nitrogen ..caceresacss 0.%1 1.27 1.45
SUIFUP L AU I B I B BN W 20 BN BN BN AN ) 3.63 5'08 5'82
Oxygen csscesreasese 34,01 12.22 13.9¢
ash LI B B BN B B BN BN B Y NN B ) 9'06 12.66
100.00 100.00 100.00
HEATING VALUE (BTU/LB) 8210 11474 13139
FORMS OF SULFUR
Sulfate svlfur ...c... 0.12 0.17 0.19
Pyritic sulfur ....... 2.81 3.92 4,49
Organic sulfur ....... 0.70 0.99 1.14

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.37
HARDGROVE GRINDABILITY INDEX 73

ASH FUSION TEMPERATURES (Reducing Atmosphers) (Oxidizing Acms.)

Initial Deformation 2000 F 2670 F
Softening Tewp. 2040 F 2580 F
Fluid Temp. ' 2370 F 2680 T
Hemispherical Temp. 2180 F 2610 F

“3.,. 7 .4
%/ et

Forrest E. Walker
Déggctor of Technical Services



GEQLLEMICRL TESTING

COAL. WATER. AND MATERIALS ANALYS!S
R.D. 2. BOX 124
Somerset. Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPOKT
Client: United States Geological Survey = Date of report: 10/21/85
USGS Lab Ho. State: PK Field ID: BSLKO16A

Lab NO. U12425  SSIHEHHMEehE bR RO TR

AIR DRY LOSS  23.71 RESIDUAL MOISTURE  4.70 .-

As-received . Dry Dry ash-#fégf
PROXIMATE ANALYSIS <
Moisture ..ccecocercs 27.29

ésh a8 sceoscessscussna 18.23 25.07 4
Volatile Matter ..v.cen ‘29-57 40.66 54.26 .
Fixed Carbon .cescesee 24.91 34.27 45.74
100, 00 100.00 100.00
ULTIMATE ANALYSIS .
HYdrogen ..cecavsccsces 6H.14 4.25 8.67
carbon @ePeC@osgreovss 3?.59 . 54.45 72‘67
Nitrogzn esFSssacasassan 0068 0094 1.25
sulf"r LN B X O BN BN BN BN BN B AN B ] 3'42 4.70 6.2?
Oxygen sesassssacces 31,94 10.59 14,14
“sh LR B B B Y BN O IR A N J 18023 25-07
100.00 100,00 100.00
HEATING VALUE (BTU/LB) 7080 9738 12994
FORMS Of SULFUR
Sulfate sulfur ....... 0.53 0.73 0.97
Pyritic sulfur ....... 1.88 2.59 3. 46
Organic sulfur ....... 1.01 1.38 1.84

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.30
HARDGROVE GRINDABILITY INDEX 71

ASH FUSION TEMPERATUKRES (Reducing Atmosphere) (Oxidizing Atms.)

Initial Deformat:ion 2360 F 2430 F
Softening Tewo. 2430 F 2530 F
Fluid Temo. 2530 F 2610 T
Hemispherical Tamp. 267¢  F : 2560 7

Forrest E. ¥alker
Director of Tecnnical Serwvices
70 ’



GEOCHEMICAL TESTIRG

COAL, WATER, AND MATERIALS ANALYSTS
R.D. 2. BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

_COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/21/85
USES Lab No. State: PK Field ID: 8S5LKO16B
Lab No. U12626 ****i**«**i&*&***&********&*****i***i*&*lt**ﬁf
AIR DRY LOSS 31.67 RESIDUAL MOISTURE  4.16 -

As-received bry Dry ash~free _

PROXINATE ANALYSIS
Hoisture ..C.'....O‘.. 3‘.51

Ash I E NN NN RENERNNENNNEN] 11(‘48 17'53 ,
Volati].! Hattﬂl‘ ccsosed ”-31 ‘3-23 52.42
Fixed Carbon ....evees 25.70 39.24 47.58
100. 00 100. 00 100.00
ULTIMATE ANALYSIS .
Hydrogan e9evsssvesesay 6.90 4.63 5.61
Carbon soevessaseses 38.68 §9.07 71.62
Nitrogen ..cccecascees 0.69 1.05 1.27
Sulfut‘ evessevsessanee 3.34 5.10 ) 6-18
ox.ygen o9 svasswvrve 38‘91 12.62 15.32
ash asscesvEOOOTRTOL 11.‘8 4 17.53
100.00 100.00 100.00
HEATING VALUE (BTU/LB) 6909 10550 12792
FORMS OF SULFUR .
Sulfate sulfur ,...... 0.17 0.27 0.33
Pyritic sulfur ....... 2.01 3.07 I72
Organic sulfur ....... 1.16 1.76 2.13

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.55
HARDGROVE GRINDABILITY INDEX 74

ASH FUSION TEMPERATURES (Reducing Atmosphere) - (Oxidizing Atms.)

Initial Deformation 2040 F 2730 °F

Scftening Temp. 2060 F 2740 F

Fluid Temo. 2400 F 2730 F

Yemispherical Temp. 2150 F 2745 F
= /\" /

Flrrest E. Halker
Director of Technical Services

Ay ot 1



LECTHEMIIRL TESTING

COAL AWATER. AN MATERIALS ANALYSIS
H.D. 2. BOX 124
Somerset. Pennsylvania 15501
Phone: (814) 445-6566 or 443-1671

COAL ANALYSIS REPORT L
Client: United States Geological Survey - Date of report! 10/21/§§§1
USES Lab No. State: PK Field ID: 85LKO17A
Lab No. U12627 !***ﬂ*&****&*ﬁm&“**m&;ﬂ*m&**ﬁ*ﬂ**{_f
AIR DRY LOSS 18.34 RESIDUAL MOISTIRE  7.75
As-received Dry Ory ;sh-f ree -

PROXIMATE ANALYSIS
Miitlﬂ‘e rE N NN N ENWNREN) 24.67

ash FE N NN N ENNE N NN NN N NN J 17.06 22.64 . ‘:' T
UOIatile ”attep‘oo.nuo¢1- '&8-76 38-17 49-3‘ R
Fixed Caf‘bon esvsscease 29:51 39-19 50-66’
100.00 100. 00 100.00
ULTIMATE ANALYSIS )
Hydrogen ..scececoucees 6.00 4,29 8.55
carbon o Qe esssosse 40.7‘ 54‘08 69.91
Nitroqe“ wsessessecsna 0-73 0096 1¢24
Sul{ur LA B0 B AR BN BN BN BN B 3% W Y J 5.81 7'72 9.98
nyqe“ LB B BN B BN BN I IR BN B BN ) 29.66 10'31 13'32
ash LB IR BN O B BN BN BN BN BN 3 A ) 17‘06 22!64
100.00 100.00 100,00
HEATING VALUE (BTU/LE) 7458 9901 - 12799
FORMS OF SULFUR
Sylfate sulfur ....... 0.490 0.53 0.69
..~ Pyritic sulfur ....... 3.88 5.16 6.67
Organic sulfur ....... 1.53 2.03 2.62

FREE SWELLING INDEX 0.0
APPAREINT SPECIFLIC GRAVITY = 1.48
HARDGROVE GRINDABILITY INDEX 78

ASH FUSION TEMPERATURES (Reducing Atmosphere) (Oxidizing Atms.)
Insti2l Deformazion 2160 F 2460 F
Sotteninag Temo. 2200 fF 2540 T
Fluid Temo. 2500 F 23%0 F
Hemispnerical Tamp. 2240 F 2560 F

ﬁw/é [ e
fForrest E. Walker
Director of Technical Services
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GEOCHEMICRL TESTIG

COAL, VIATER: AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

.COAL ANALYSIS REPORT

Client: United States GCeological Survey Date of report: 10/21/85..

6 war 2t

_ USGS Lab No. State: PK Field ID: BS5LKO0178
Lab Nu. U12428 *mﬂ%*ﬂi**ﬂﬂ**‘***m*“*******iﬂ*’z&:l
AIR DRY LOSS  .22.15 RESIDUAL MOISTURE  6.98 -
As-received Dry Dry ash-fgggﬁ

PROXIMATE ANALYSIS
"Oigtun ..l"..‘.;.. 27.59

ﬁsh [ E NN N X R A NERRNNENNH:N] 1%'35 15.67 1 i
Volatile Matter ....... 31.57 43.59 51.69
Fixed CarboR .ceccecaee 29.49 40.74 48.31
100. 00 100. 00 100,00
ULTIMATE ANALYSIS .
R‘Ydrogen .l_".‘l.l.'ll 6'47 §.67 5-54
caf‘bon asoOCPadasbanse “014 60-96 72.29
Nitmgen' as@esceosccvseca 008‘4 1-17 1.39
Sulfur S eS80 eccscasda 3'98 SI49 6.51
Oxvgen cesvecesceens I3.22 12.04 A 14.27
Ash s es e e varso 11.35 15'67
100,00 100.00 100.00
HEATING VALUE (BTU/LB) 7922 10940 12973
FORMS OF SULFUR
Sulfate sulfur ....... 0.52 0.71 0.04
Pyritic sulfur ....... 2.29 3.16 3.78

Organic sulfur ....... 1.17 1.42 1.92
FKEE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.39
HARDGROVE GRINDABILITY INDEX 74

ASH FUSION TEMPERATURES (Reducing Atmosphere) (Oxidizing Azms.)

Initial Deformation 2180 F 2490 F
Softening Tems. 2220 F 2320 F
Fluid Temp. 2670 F 2570 F
Hemispherical Temp. 2260 ¢ 2550 F

Forrest £, Walker
Director of Technical Service;



GEOCKEMICRL TESTING

COAL. WATER, AND MATERIALS ANALYSIS
R.0. 2. BOX 124 ‘
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REFORT
Client: United States Geological Survey Date of report: 10/21/é§2
USGS Lab No. State: PK Field ID: 85LK018

Lab No. U12629 #HEHEEERERHEHEHHEHHOHEHEHENHOHEHEE S

A#IR DRY LOSS 18.56 RESIDUAL MOISTURE 7.73

As-received Dry Dry ash-free

PROXIMATE ANALYSIS .
Molsture ...caceesc.. 24,85 '
“‘h S0e8RS a8 000a09EsVes 19030 25.68

Volatile Matter ........ 26,00 37.26 50.14
Fixed Carbon .eceneceee 27.85 37.06 49.86
100. 00 100.00 100.00
ULTIMATE ANALYSIS .
HYdrogen ...ceccccseces S5.89 4,14 5.57
carbon LR I I A I & Y 2% & I Iy J 38.31 50097 68'59
Nitrogen ..cccececeeces 0.74 0.99 1.33
sulfup TR O BN B BN BN A BF 3 N W N ] 6034 8.44 11.36
OX_YQET) caavecsgooess 29.42 9-78 13-15
gsh avsesBsaBesase 19'30 25.68
100.00 100,00 100.00
HEATING VALUE (BTU/LB) 7035 9361 12596

FORMS OF SULFUR

Sulfate sulfur ....... 0.25 0.33 0.44
Pyritic sulfur ....... 4,23 5.63 7.58
Organic sulfur ....... 1.8% 2,48 3.34

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.49
HARDGROVE GRINDABILITY INDEX 48

ASH FUSION TEMPERATURES (Reducing Atmosphere) (Oxidizing Atms.)

Initsal Deformation 2150 F 2430 F
Softening Temo. 2220 F 254C F
Fluid Temo. 2500 F 2330 F
Hemispherical Tenmp. 2230 F 2560 F

_
4fﬁzzld’fzz?ﬁZC/é:dﬁzé“”
orrest E. Walker

Director of Technical Services
74



GEOLISINICAL TESTIGG

COAL. WATER. AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsyivania 15501

Phone: (814) 445-6666 or 443-1671
.COAL ANALYSIS REFORT

Client: United States Geological Survey Date of report: 10/21/8S
© USGS Lab No. State: PK Field 10: 85LKO19

Lab No. U124630 a*&**&**w&**&***&&ﬁ***********iﬁiﬁn***i**&**#f

AIR DRY LOSS .19.24 - RESIDUAL MOISTURE 7.24

As-received Dry Dry ash-free’
PROXINATE ANALYSIS
"oistur' esasssveesave 25!09

ﬁSh secePBssnmessansy 6.70 8095 \
Volatile Matter ..ecces 32.50 . 43.3% 47.63
Fizted CarbOR sucecases I8.7% A7.46 §2.35
100. 00 100, 00 100, 00
ULTIMATE ANALYSIS .
H7dProgen ceecvcececnce H.54 4.98 5. 47
carbon L A N & N NI A NN NN ] 50.17 66-97 . 73.55
Nitrogen lll.l...'.llQ. 0095 1.27 1‘39
sulfuf" P s @O godad e 3.49 4.“ 5.12
Oxygen cescesvancase 3I2.15 13.17 14.47
A‘h Q..l.'.‘..".' 6!70 8.95
100.00 100.00 100.00
MEATING VALUE (BTU/LE) 8983 11991 13169
FORMS OF SULFUR
Sulfate sulfur ....... 0.23 0.31 0.34
Pyritic sulfur ....... 1.86 2.49 2.73
Organic sulfur ....... 1.40 1.86 2.08

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.36
HARDGROVE GRINDABILITY INDEX 46

ASH FUSION TEMPERATURES (Reducing 4atmosonere) (Cxidizing Actms.)

Initial Deformation 19260 F 2330 ¢
Softening Tewo. 1980 F 2600 F
Fluid Tewo. 2390 F 2650 F
demispherical Temp. 2130 F 2520 F

i TP U oo

Forrest E£. Walker
Director of Technical Services
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GEOCRENT:IRL YESTING
COAL. WATER, RND'MIRTERIALS ANALYSIS
R.D.2. BOX 124
Somerset, Pennsylvania 15501
: Phone: (814) 445-6666 or 443-1671 .

COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/21/8S

Use Lab No. State: PK Field ID: 85LK020 .

Lab NO. U12631 EHEEEHEHEEHIHEE HEHEHEEEOHHEES HEHEHHOHOREHEE

AIR DRY LOSS 16.54 -RESIDUAL MOISTURE 6.97 :

As-received Dry Dry ash-f m¢
PROXIMATE ANALYSIS
MOiStUl®  ..cucncasese 22.36

A‘h [ EF B F N R ERNENENNNEN] 21.63 27l86 , ' ) .
vOIatile ﬂa‘tt!l‘—....-., *39-07 37-“ 51-90’ e
Fixed Cal‘bon secsasssre 26.94 34.70 ‘8.10
100. 00 100.00 100,00
ULTIMATE ANALYSIS ) .
HYdrogen ..c.cecseceses 557 3.95 5. 48
caf‘bon rE N NN N NENENINEHN) 38.00 48.95 67.85
Nitrog.n EFE RN NE NN NNER] 0069 0.89 1.23
Sulfur l........;... 7059 9'77 13054
Oxygen os e ssstasnae 26.52 8'58 1"90
gsh YA N E NN NN NY NN NJ 21.63 27.86
100.00 100.0¢ 100.00
HEATING VALUE (BTU/LBR) 4957 8940 12420
FORMS OF SULFUR
Suylfate sulfur ....... 0.79 1.02 1.41
"Pyritic sulfur ....... 4,88 b.26 8.71
Organic sulfur ....... 1.92 2.47 J.42

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.51

HAKUGROVE GRINDABILITY INDEX 48

ASH FUSION TEHPERATUKES (Reducing Atmosphere)  (Oxidizing Acms.)

Initial Deformatian 2190 F 2430 F
Softening Temo. 2220 F 2560 T
Fluid Tenmpo. 2460 F 2660 F
Hemispherical Temp. 243C F 25i0 F

Forrest £. Walker
Director of Technical Services

- o



GEQCHEMIRL TESTING
COAL. WATER; AND MATERIALS ANALYSIS
R.D. 2 80X 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

_COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/21/85
USGS Lab No. State: PK Field ID: 85LK021
Léb. No. U$2632 JEHHE IR 23 HHEEIHEEHE S IO R
AIR DRY LOSS .21.82 RESIDUAL MOISTURE  5.92
As-received Dry Dry ash—freéi

PROXIMATE ANALYSIS
MOiStUr® .ececcavesse 2645

ﬁ'h [EEEE RN EEE SN A NN NNI] 11‘72 15.93 N
Volatile Matter ......s '32.94 44,81 53.30
Fixed Carbod  .ccceceass.s 28.87 - 39.26 46,70
100. 00 100. 00 100. 00
ULTIMATE ANALYSIS . 7
H.Vquen [ F A E NN ENNENNNDN, 6.33 4.58 5.‘5
Carbon esessccesssce 45,20 &1.45 73.09
Nitrog.ﬂ [ E N ENNENY N NNNX] 0.98 1.20 1.43
Sulfup veassvesecces 399 5.43 be4d
nygen I N ER N RN ENNNEN] 31088 11041 ’ 13.57
Ash AN AR NNNNNEIRHNN] 11.72 15.93
100,00 100.00 100. 00
HEATING VALUE (BTU/LB) 8071 10974 13053
FORMS OF SULFUR
Sulfate sulfur ....... 0.13 0.18 0.21
Pyritic sulfur ....... 2.80 3.80 4,52
Organic sulfur ....... 1.06 1.4§ 1.73

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.39

HARDGROVE GRINDABILITY INDEX 74

ASH FUSIOMN TEMPERATUKES (Reducing Atmosphere) (Oxidizing Atms.)

Initial Deformation 2380 F 2420 F
Softening Temgo. 2440 F 2450 F
Fluid Temp. 2560 F 2670 - F
Hemispherical Temp. 2660 F 2460 T

o= ey :'%
W{M Lenr
Forrest £. #alker

Director of Techwical Services

g



GEOCHENNIIRL TESTIRG

COAL. WATER. AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsyivania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/21/85 .
USGS Lab No. State: PK Field 1I0: 85LK022 L

SRS

UN s

<¥i

Lab No. U12433 S 5 IR HEECH OO HEHEHEG R

AIR DRY LOSS  18.22 'RESIDUAL MOISTURE  8.33

As-received ory Dry ash-free
PROXIMATE ANALYSIS L
misture [ EE X R 4 N & N &N X J 25.03

“h IR N E R K AN AN ENNNENRHNE ] 12'52 23.37 ‘
Volatile Matter ....c.s '30.21 40,30 52.5¢9 . .
Fixed Carbol ..cevcesa 27.24 346.33 47.41
100. 00 100. 00 100. 00
ULTIMATE ANALYSIS .
Hydrogen ..ccccececaece 5.98 4,24 5.53
’caf’hﬂn woewswocansnvns 41.70 55-62 72058
”it!‘ﬂgen F'EEENENENENEN] 0'76 '1-02 1!33
SUIfur [ N NN R W NN NN ] 3.% 5-07 6'62
Oxygen sascncrescese 30.24 10.68 13.94
Ash XA NENEENNNLEN] 17.52 23'37
100.00 100.00 100.00
HEATING VALUE (BTU/LE) 7489 9990 13036

FORMS OF SULFUKR

Sulfate sUlfur ..cceece 0.18 0.25 0.33
Pyritic sulfur ....... 2.4} 3.22 4,20
grganic sulfur ....... 1.21 1.60 2.09

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.43

HARDGROVE GRINOABILITY INDEX 69

ASH FUSIGN TEMPERATURES (Roducing Atmosohere)  (Oxidizing Azms.)

Initial Deformation 2170 F 2340 F
Softening Tewo. 2260 F 2370 T
Fluid Temo. 2500 F 410 F
Hemispnerical Temp. 2260 T 2380 F

G TP W o
Forrest E. Walker
Director of Technical Services



GEGCHEITICRL TESTING

COAL. WATS!{J. AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsyivania 15501
Phone: (814) 445-6666 or 443-1671

'COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/29/85
USES Lab No. State: PK Field ID: 85LK023
Lab NO. UL2634 S-S5 IEHENI I HEIHHERE I IHEHEEE 0
AIR DRY LOSS .19.48  RESIDUAL MOISTURE  S.74
| As-received Dry Dry ash—free

PROXIMATE ANALYSIS
Holsture .eessessvess 24.29

a‘h [ A N X R NI ME NN NWNNEN] 19(.59 25.88 1 N
Volatile Hatter ......, .51 40,30 54.37 ..
Fixed Carbon ..ccecse.. 25.6% 33.82 45.63
100. 00 160. 00 160. 00
ULTIMATE ANALYSIS )
H_Ydl‘ﬁg?ﬂ --V.c-n-..onn'a 5.67 . 3-90 5.26
carbon eS80 8B avess 38.24 solso 68‘13
Nitmgen S0PV AENSISTSARS 0.94 1.24 1.67
sulfu" [N R E N W NN NN NN N] 4-33 5.72 7.72
Oxygen csescscassace 31,23 12.76 17.22
Ash LN RN NN NN W NN 19.59 25.88
100. 00 100. 00 100. 00
HEATING VALUE (BTU/LER) 6711 8845 119460 |
FORMS Of SULFUR ,
Sulfate sulfur .cceees 1.13 1.50 2.02
Pyritic sulfur ....... 1.58 2.09 2.82
Organic sulfur ....... 1.462 2.13 2.88

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.56
HARDGROVE GRINDABILITY INDEX 49

ASH FUSION TEAPERATURES (Keducing Atmosphere) (Oxidizing Atms.)

Initial Deformation 2170 F 2340 F
Softening Temp. 2240 F : - 2360 F
Fluid Temo. 2480 F 2610 F
demispherical Temp. 2270 F 2380 F

Forrest E. Walker
Director of Technical Services

)
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GECTHERMNTELTESTIRE
CNu.wxnmJumauuauusanmxsw
R.D. 2. BOX 124
Somerset, Pennsylvania 15501
Phone: (B14) 445-6666 or 443-1671

COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/2118$?§
USGS Lab No. State: PK Field ID: 85LK024

Lab No. U12835 *ﬁmmmwm*uuﬂa*-m&*ﬂmnm o

AIR DRY LOSS 20.66 RESIDUAL MOISTURE 6.43

As-received Dry Dry ash-free -
PROXIMATE ANALYSIS- — : B
Moisture ..ccccecscee 25,77

h'h I E X R RS R NN YN NN N SN N 11"44 15.41 1
Volatile Matter ..;...: '30.93 41.86 49.25 .. -
Fixed mrbcn L T N N Y N NN] 31‘96 42.93 50.75 o
100,00 100,00 100. 00
ULTINATE ANALYSIS ‘ .
Hydrogen ..ccecceceecsese 6.41 4.76 5.63
Carbon s svsoecsvasnce 45.76 61.68 72.89
Nitrogen .c.cceccecssss 0.47 0.93 1.10
sulfur oS08 asvaanseae 3.40 _ ‘.57 5.40
Oxygen cscssssscssce I2.30 12,48 14.98
ASh [ FENEENENNERLN] 11‘“ 15-4‘
100.00 100.00 100.00
HEATING VALUE (RTU/LRBR) 8299 11180 13217 i
FORMS OF SULFUR
Sulfate sulfur ....... 0.15 0.20 0.24
Pyritic sulfur ...cc.. 2.57 3. 46 4,09
Organic sulfur ....... 0.48 0.71 1.07

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.38
HARDGROVE GRINDABILITY INDEX 43

ASH FUSION TEMPERATURES (Reducing Atmosphere) (Oxidiziag Actms.)

Initial Deformation 2100 F 2560 F
Softening Temp. 2140 F 2580
Fluid Temo. 2570 F 2520 F
Hemispherical Temp. 2180 ¢ 2600

- _
Forrest £. Walker
Director of Technical Services
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GECIREMICAL TESTING

LOAL, \'IATE[L AND MATERIALS ANALYSIS
R.D. 2. BOX 124
Somerset, Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORY
Client: United States Geological Survey Date of report: 10/21/8§
USES Lab No. State: PK Fiel&tID: BSFK025
Lab No. U12636 HHHHHCHHEEHHEHHEIBHNEIHENOHEHEROH R
AIR DRY LODSS - . 16.66 .RESfDUﬁL MOISTUKE 11.07. _
As-received Dry Dry ash~f ree '

PROXIMATE ANALYSIS L
MOiStUPe  ceccnvccecss 25.89 s

A‘h I F AN IR EENENRE NERNRN] 17'09 23.05 ’
UOIatil. Matter ‘evesees ‘”'15 39.33 51.11
Fixed Carbon .vceccee. 27.87 L 37.62 48.89
100. 00 100.00 100.00
ULTIMATE ANALYSIS .
H.Ydrogen oG v sV SOVGESESRS 6013 . ‘-36 5'67
grbcn [ E R NS R NN NN RN N 41‘32 . 55.76 72.47
“itmge“ 400U EOVssesPsa 0097 . 1031 1.70
SUIfUP sesssesecssves 3133 . o ‘c‘? 5-84
oxygen aesoes s s seseCep 31. 16 11'03 l4.32
ASb e spCsUBSEsOsacS 17.09 23.05
100.00 100.00 100.00
HEATING VALUE (BTU/LB) 7339 9903 12879
FORMS OF SULFUR
Sulfate sulfur ....... 0.20 0.27 0.35
Pyritic sulfur ....... 2.39 3.23 4.20
Organic sulfur ....... 0.74 0.99 1.29

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.44

HARDGROVE GRINDABILITY INDEX 77

ASH FUSION TEMPERATURES (Reducina Atmosphere) (Oxidizing Atms.)

Initial Derormation 2230 F 26430 F
Softening Temp. . 2280 F 2530
Fluid Temp. 2630 F 2570 7
Hemispherical Temp. 2320 F 2350 F

WL/ Hoor

Forrest £, Ualfer
Director of Technical Services

81



GEOCHEMIRL TESTIRG

COAL, WATEI}. AND MATERIALS ANALYSIS
R.. 2. BOX 124
Somerset. Pennsylvania 15501
Phone: (B14) 445-6666 or 443-1671

COAL ANALYSIS REPOKRT
CIieut:»United States Geoiogical Survey Date of report: 10/21/8S
USGS Lab No. State: PK Field ID: 85LK026A

Lad NG. U12637 SRR HEEEE NN L% RN

AIR DRY LOSS  21.95 RESIOUAL MOISTURE 6.82

' As-received ory Dry ash-freq’
PROXIMATE AMALYSIS '
MOiStUre ceevsseassee 27.27

Ash 2800 0QeB PO sRCse 10.73 14.76 ‘
Vﬂla‘tilﬁ Hﬂ‘ttﬂ‘ ‘ewsserw '50. 93 42053 49.39
Fixed carbon [ E R X NN NN F] 31‘07 42071 50. 11
| 100,00 100,00 100. 00
ULTIMATE ANALYSIS .
HYJNQEﬂ secesscsccsces 6.39 ’ 4.59 5.38
carbon LR N & X N W R N & N NN 44.7‘ 61‘52 72'17
Nitrogen ..esccevecese 0.67 0.93 1.09
sulf')r S eeavseevVaecs ‘030 5.91 6'93
oxygeﬂ Paaseceeaceee 33.17 12.29 14.43‘
ASh eesevessassce 10.73 14!76
100,00 100.00 100.00
HEATING VALUE (ETU/LB) 7976 10947 12866
FORMS OF SULFUR
Sulfate gulfur ....... 0.24 0.33 0.3%
Pyritic sulfur ....... 2.84 3.90 4,58
Organic sulfur ....... 1.22 1.48 1.96

FREE SWELLING INDEX 0.0 .
APPARINT SPECIFIC GRAVITY = 1.6l
HARDGROVE GRINDABILITY INDEX 42

ASH FUSION TEMPERATURES (Reducing Atmosochere) (Oxidizing Atms.)
Initial Deformation 19680 F 2470 F
Softening Tewn. 2000 F 2590 F
Fluid Temp. 2160 F 2690 F
Hemispherical zemp. 2030 F 2680 F

forrest E, Walker
Director of Technical Services
Q9



CEOCHEMICEL TESTING

COAL. WATER. AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset. Pennsylvania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/21/85
USGS Lab No. State: PX Field ID! 85LK0274A
Lab No. U12438 E¥EHHHEHHNHEGHRNHEEHONHE O HEHOHEEE
alR DRf LesSs .22.57 RESIOUAL MOISTUKRE 5.58
As-received ory Dry ;sh—frggv

PROXIMATE ANALYSIS
Hodsture cececcccecaes 26.89

é’h IR N B RN N ENNNENNNENZEN] 13.24 18'11 ‘
Volatile Matter ....... "31.55 43.16 52.70
Fixed Carbonl .eccecece 28.32 38.73 47,30
100. 00 100.00 100.00
ULTIMATE ANALYSIS .
”.Vdroqgﬂ [ EE N ENENENNSENHN] 6'35 4.57 5058
carbon IR N E NN NN ENNENJ 40.89 55.92 68.28
Nitl’oqa T R N E N W N NN NN 0.91 1.25 1.53
Sulfut‘ S48 69 0% e 9oNasacvw 5'86 . 8'02 9.79
Oxygen * 208 o sassacs 32.75 12'13 14.82
hsh ae s s0orsaCase 13'24 18.11
100.00 100.00 100.00
HEATING VALUE (BTU/LR) 7517 10282 12555
FORMS OF SULFUR .
Sulfate sulfur ..ecee. 0.53 0.72 Q.88
Pyritic sulfur ....... 2.69 3.468 4,49
Organic sulfur .e..... 2.64 3.62 4,42

FREE SWELLING INDEX 0.0

APPARENT SPECIFIC GRAVITY = 1.32

HARDGROVE GRINDABILITY INDEX 47

ZQUILIBRIUM MOISTURE = 27.34%

ASH FUSION TEMPERATURES (Reducing Atmosphere) - (Oxidizing Acms.)

Initial Deformation 2180 F 2510 F
Softening Temo. 2240 F 2350 F
Fluid Temo. 2540 F 2610 F
Hemispherical Temp. 2300 7 2370 F
/" 3
e 4
//Lifmgi”v’

Forfest £. Walker
Diregctor of Technical Services
2



GEOCHEMIIRL TERTIRG

COAL. WATER, AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Peansylvania 45501
Phone: (814) 445-6566 or 443-1671

COQL_ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/21/83
USGS Lab No. State: PK Field 1D: 85LK0278
Lab NO. U12639 #H6HHEHEEEEHHEEHHHEHEHERENHDHEEHEEHUEE
AIR DRY LOSS 20.45 RESIDUAL MOISTURE 4.45
As-received Dry Dry ash-free -

PROXIMATE ANALYSIS
Moisture evassssesesrs 23.97

A’n LR R E XK N K EENNEZRNNSE N ] 23.7‘ 31.23 ,
Volatile Matter .ceeae. *26.59 - 34.99 50.88
Fixed Carbon ....ecc.. 25.48 33.78 49.12
100.00 100. 00 100. 00
ULTIMATE ANALYSIS .
Hydrogem ..cecceseceee 5.42 3.61 5.25
caf'bon s sewssvesasrnes 32‘21 42.38 61-62
Nitrogen .ecceccoaceces 0.74 0.98 1.42
sulfur o8 8« s @ ssasaes 8.99 11.83 17‘20
Oxygen secececnscses 28.90 .97 14,52
QSh L A A AL N B BN BN N J 23074 31‘23
100.00 100.00 100,00
HEATING YALUE (BTU/LB) 5911 7776 11307
FORMS OF SULFUR .
Sulfate sulfur ....... 0.99 1.31 1.90
Pyritic sulfur ....... 5.94 7.84 11.36
Organic sulfur ....... 2.06 27 3.94

FREE SWELLING INDEX 0.0
APPARINT SPECIFIC GRAVITY = 1.68

HARDGROVE GRINDABILITY INDEX 76
IQUILIBRIUM MOISTURE = 25.357%

ASH FUSION TEMFERATURES (Reducing Atmosohere) (Oxidizing Atms.)
Initial Deformation 2080 F 2560 F
Softening Temp. 2140 F 2390 F
Fluid Temop. 2500 F ' 2620 F
Hemispherical Temp. 2136 F 2600 F

7. S

o¥rest E. Walker
Director of Technical Services

oA



GEGCEEMICAL TESTING

COAL WATER. AND MATERIALS ANALYSIS
R.D. 2, BOX 124
Somerset, Pennsyivania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT

Client: Umnited States Geological Survey Date of report: 10/21/85 -

USES Lab No. State: PK Field ID: 85MTOO1
Lab No. U12621 ******{*§;************§*§*******!****ﬁ**i****?i
AIR DRY LOSS 24.20 RESIDU.iL MOISTURE 7.?8 l

As—-received Dry Dry ash-{éé

PROXIMATE ANALYSIS
Noisture LA RN R NN R NN NN 30'25

ASh gecsevennnessvenew 11016 15-99 ‘
Uplatile Matter ......s '0.38 43.56 51.85
Fixed Carbon ..ccoevees 28,21 40,45 48.15
100.00 100.00 100,00
ULTIMATE AMALYSIS .
H.VdPDQQD sSeavasawissedesun 6.77 4-36 5!79
Cirbon [ W W N ENNL L LK 42. 6¢ 61. 13 72. 77
Nitrogen ....cvsescee.s 0.8% 1.17 1.39
sulfur o adPwesasseoaws ‘l; ‘Ioo 5‘7# 5'83
Oxyger  ..... aeesense 34,62 11.11 13.22
ash s e s anecesssan 11.16 15-99
100.00 100.00 100.00
HEATING VALUZ (BTU/LR) 7723 11072 13180
FORMS OF SULFUK
Sulfate sulfur ..e.... 0.10 0.15 0.18
Pvritic sulfur ....... 2.90 4.15 4,94
Organic sulfur ....... 1.00 1.44 1.71

FREE SWELLING INDEX 0.0
APPARENT SPECIFIC GRAVITY = 1.38
HARDGROVE GRINDABILITY INDEX 56

ASH FUSION TEMPERATURES (Reducing atmosohere) (Oxidizing 4Actms.)
Inttial Defarmation 1960 F 2£8C T
Softening Temo. 2000 F 2550 F
Fluid Temp. 2100 F 2540 F
Jemisphaerical Temp. 2030 7 25:1C F

= ~
T TP it

Forrest E. Walker
Director of Technical Serwvices

oOr »~us



GEGTHERIIRL TekTiRG
COAL. WATER, AKD MATERIALS ANALYSS
“RD.2.BOX 24
Somerset, Pennsyivania 15501
Phone: (814) 445-6666 or 443-1671

COAL ANALYSIS REPORT
Client: United States Geological Survey Date of report: 10/21/851
USGS Lab No. State: PK Fleld ID: B5KT002 B
Lab No. U312422 ***********“*******i***H**ﬂm*“*M**{'i*ﬂ
AIR DRY LOSS . 27.42 RESIDUAL MOISTURE 7.42 _
| As-releived Dry ny ash-ffgé.

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