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ABSTRACT

Certain coals from the State of Colorado have
long served as a wajor component for the
manufacture of coke in the western United States.
However, decision-makers in both private industry
and in all levels of govermnent have been hampered
by the lack of a comprehensive and detailed
statewide coking-coal resource evaluation. To
alleviate this problem, a two-year project was
initiated to evaluate the resources of coking coal
in Colorado.

A detailed examination of published coking-
coal classificationandevaluation systems revealed
several applicable methods by which the State's
coal resources could be evaluated. Classification
systems utilizing either coal petrography or the
Ruhr dilatometer were found to be relatively
flawless in denoting the suitability of a coal
deposit for use as coke oven feedstock. However,
the Tack of a Targe data base eliminated the use of
these systems in evaluating Colorado coal
resources.

Based on a precedent set by workers in the
U.S. Bureau of Mines and Department of Energy, a
classification system was established to evaluate

cokinyg-coal resources in Colorado. The
classification system uses coal ash and sulfur
content and ASTM rank designations to cateyorize
coal resources as being either premium (0-1.0% S,
0-8.0% ash), marginal (1.1-1.8% S, 8.0-12.0% ash),
or latent (1.9-3.0% S, 12.1-15.0% ash) grade coking
coal. Using this classification system, in
conjunction with general technologic and ygeologic
considerations for coke oven feedstocks, the Uinta,
San Juan River, and Raton Mesa coal regions,
Colorado, were selected as areas containing
potential coking-coal reserves.

Identified original in-place coking-coal
reserve estimates then were made utilizing the
proposed coking-coal classification system, coal
resource evaluation inaps, and published coal
reserve estimates. [In Colorado, the Raton Mesa
region contains 2.05 billion short tons, the San
Juan River region 1.73 billion short tons, and the
Uinta region 0.45 billion short tons of identified
coking-coal reserves. The total identified
original in-place coking-coal reserves for the
State of Colorado are estimated at 4.3 billion
short tons.



INTRODUCTION

PURPOSE

A significant portion of Colorado's coal
production has been used for the manufacture of
coke since the Nineteenth Century. Indeed, Jones
and Murray (1978) reported that “Colorado has been
the leading producer of coking coal in the West for
many years." Averitt (1966) states that two of the
four coal fields in the West which produce the
largest quantity and best quality coke are located
in Colorado. However, a comprehensive and detailed
evaluation of Colorado's coking-coal resources has
been lacking.

Consequently, accurate and intelligent
decisions could not be made in the public sector
concerning the location, production, and
utilization of coking coal in Colorado. To
alleviate this problem, the Colorado Geological
Survey, in cooperation with the U.S. Bureau of
Mines, initiated a two-year study to evaluate
Colorado'scoking-coal resources. This publication
represents a summation of the two-year cooperative
project, entitled "Evaluation of Coking-Coal
Resources in Colorado.”

In order that this publication can be appliied
to a broad range of problems encountered by the
general public, private industry, and governmental
agenices, two primary objectives were considered.
To fulfill the first, general information
concerning the use of coal by the appropriate
industries has been included so that decisions can
be made by those parties unfamiliar with the
production and utilization of coking coals. The
second objective has been addressed by including
specific information for use by decision-makers
interested in more detailed studies of Colorado's
coking coals.

PREVIOUS WORK AND INVESTIGATIONS

Although a comprehensive and detailed
evaluation of the coking-coal resources of Colorado
has been lacking, past authors have dealt with the
subject to varying degrees. West (1874, 1875) and
Weeks (1884) published statewide coking coal data
prior to 1900. However, Arthur Lakes presented a
more detailed study on the thriving coke industry
in Colorado duri..g the 1800's (Lakes, 1899a). His
article is based both on his own research and on
work by R. C. Hills (1893). According to Lakes
(1899a), "abundant coking coal is mined principally
for locoinotive purposes, the slack being made into
coke and sold to the metallurgical establishments.”
In his description of the Raton field, Lake lists
222 beehive coke ovens at Sopris, 250 at E1 Moro,
80 at Starkville, 100 at Grey Creek, and 100 at
Victor. Lakes also mentions production of coke
from coal wined at the Porter and San Juan mines in

the "La Plata Field." Full coal production from
the two mines was coked and sold locally to supply
the smelting works of the district. Although Lakes
waited until a subsequent article (Lakes, 1899b)
to describe the coal resources of the "Grand River
Field" (now called the Uinta region), he does
describe the coal of the Yampa field as being
semicoking rather than true coking coal.

In 1937, George and others published a major
statewide report on Colorado's coal resources.
Although numerous reports dealing with coking coal
in local areas were published prior to 1937, the
publication by George and others represents the
first detailed description of Colorado's coal
resources. This report tabulates all coal analyses
performed by the U.S. Bureau of Mines before 1936
and gives a brief description of the production and
market of each mine sampled. However, the
publication does not contain a section dealing
specifically with «coking coal 1in Colorado.
Nevertheless, reference is made to coking coal ina
general description of the various coal fields and
also in discussions of the markets for individual
mines.

Perry (1943) 1later presented detailed
locations of known coking-coal deposits in
Colorado. His article, dealing with energy sources
in the Rocky Mountain area, is based upon work by
the U.S. Bureau of Mines. Table 1 represents a
summation of Perry's work concerning Colorado
coking coals.

Statistical data pertaining to Colorado's
coking coals have been published in several
nationwide studies. For example, Brown and others
(1954) and Ortuglio and others (1975) present data
on the coking properties of Colorado coals. A
general description of Colorado's coal resources,
including data on the State's coking coals, can be
found in Hornbaker and others (1976) and in the
Keystone Coal Industry Manual [1976, 1977, 1978,
1979 (in press)]. In their discussion of coking
coal in the western United States, Grosvenor and
Scott (1976) also refer to Colorado coals.

However, the most important publications in
recent years dealing specifically with Colorado
coking coals are those of Averitt (1966) and Jones
and Murray (1978). Paul Averitt describes the
coking-coal deposits of the western United States
and incorporates descriptions of Colorado coal
regions into his work. He considers the coal
resources of the San Juan region to be historically
interesting but indicates that the important
coking-coal deposits in Colorado are located in the
Uinta (Somerset, Crested Butte, and Carbondale
fields) and Raton Mesa regions. In describing
these regions, Averitt gives a brief account of the
past work, geology, major producing beds, and
importance of each coal field or district.



Table 1. Location of coking coal in Colorado according to Parry (1943).

County Mining field Area having coking coal1 Coking properties2

1) Las Animas Trinidad From state line to about Very good to poor;
5 miles south of Walsenburg coked in byproduct ovens

2) La Plata and Montezuma Durango Durango west of Montezuma Good to poor; coked

in beehives

3) Montrose Norwood Good

4) Gunnison Crested Butte Near Crested Butte Fair to poor

5) Gunnison and Delta Paonia From Bowie to Hawk's Nest Good to poor
and south 8 miles

6) Mesa Grand Junction From Palisade 15 miles northwest Poor

7) Pitkin Glenwood From Marble 16 miles north Very good to poor

1

Extent is approximate, as analysis and available information do not cover entire field.

2This estimate is based on correlation with analysis, on laboratory tests, and on historical data from Bureau
of Mines Technical Papers 345, 484, 529, 569, and 574, and from McGraw-Hi1l Coal Buyers' Manual.

Table 2. Data on Western Steel Producers (after Jones and Murray, 1978).

No. & Daily Coal Daily Coke
Steel Type of Consumption Production Percent of Coal Used in Blending,
State Corporation Coke QOvens Capacity Capacity and Source
(short tons) (short tons) High-Vol. Med.-VoT. TLlow Vol.
California Kaiser Steel 315 6,400 3,900 New Mexico Colorado --
Corporation Koppers-
Becker
Colorado C.F.& I. Steel 146 3,650 2,370 80 none 20
Corporation Koppers- Colorado Arkansas
Becker
60
Koppers-
Becker
Utah United States 252 -~ -- 37.5 25 --
Steel Corporation Koppers-
Becker

(References: Coal Age, 1973; Keystone, 1977; Sheridan, 1976; and U.S. Bureau of Mines, 1965).




As a suinnary of the first year of research on
this gJrant project, Jones and Murray (1973)
published Colorado Geological Survey Open-File
Report 78-1, entitled "First Annual
Report--Evaluation of Cokinyg-Coal Deposits in
Colorado." Because their publication forms the
foundation upon which the present work has been
built, the contents of their report will be briefly
reitereated here. In addition, certain data
obtained during the second year of research have
led to modifications of some sections of the first
year's report.

Althouygh a small portion of the coking coal
produced in the West is shipped east to be used in
coal blends for coking, the primary consumers of
the coal are the three major steel mills located at
Pueblo, Colorado, Provo, Utah, and Fontana,
California. Table 2 is a summation of statistical
data on these mills. As indicated on Table 2, the
coal used for the manufacture of coke for the steel
mills is supplied primarily from Colorado, New
Mexico, and Utah. According to 1976 production
figures (Sheridan, 1976), Colorado mines supply
approximately 41 percent of the premium and
marginal yrade coking coals. Utah produces the
balance of the premium grade coking coal, and New
Mexico the balance of the marginal grade. (For
definitions of the terms “premium” and "maryginal"
grades, see paqge 17).

Historically, coking coal was mined in
Colorado to supply either the railroads with boiler

fuel or the mining districts with smelting fuel.
Where coking coal was produced as railroad boiler
fuel, the slack was coked and sold to the
metallurgical dindustries. As larger wusers of
coking coal, including steel mills, began
operations in the West, company-owned coal mines
were opened. Today, CF&I Steel Corporation and
United States Steel Corporation own captive coal
mines (mines owned and their production utilized by
one company) in Colorado. Table 3 is a tabulation
showing the historical locations of coke ovens in
Colorado and their present operating status.

Jones and Murray also discuss several other
aspects of their research, including literature
search and bibliography, coal <classification
systems, Colorado bituminous coal regions, and the
mines sampled during the first project year. Also
included in their report are several tables listing
statistics on bituminous coal mines in Colorado.
The results of the literature search and
piblioyraphy are incorporated in Fender and others
(1973).

Dawson and Murray list the 1973 producing
coking-coal mines in Colorado and present a brief
discussion of the production from these mines
{(Dawson and Murray, 1973). Table 4 summarizes the
findings reported in their publication. Their
report also inciudes detailed data sheets on each
active or proposed coal ine 1in the State,
including coking-coal mines.



Table 3. GCoke ovens in Colorado (after Jones and Murray, 1978).

Geographic Location Type of Present

County (town or area) (Sec.,Twp.,Rge.) Coke Oven  Status
1) Dolores Rico 25-40N-11W Beehive Abandoned
2) Garfield Cardiff 27-65-894 Beehive Abandoned
3) Garfield Jerome Park1 15-85-39W Beehive Abandoned
4) La Plata Durango 19-35S5-9W Beehive Abandoned
5) La Plata Porter 25-35S5-10uW Beehive Abandoned
6) Las Animas Cokedale 25-33S-65W Beehive Abandoned
7) Las Animas(?) Cuatro -- Beehive Abandoned
8} Las Animas E1 Moro 29-32S5-63W Beehive Abandoned
9) Las Animas Segundo 36-335-66W Beehive Abandoned
10) Las Animas Sopris 33-335-64W Beehive Abandoned
11) Las Animas Tercio 21-345-68W Beehive Abandoned
12) Pitkin Redstone 20-10S-88W Beehive Abandoned

13} Pueblo, Co. Pueblo 6-215-64W Slot Active2

1No reference has been found which refers to this former coking operation;
consequently, it has been listed soley by its approximate location.

2This coke plant is owned by C.F.&I. Steel Corp., Pueblo, Colorado, and
has been the only active plant in the State for approximately 20 years.

Table 4. Currently producing coking-coal mines in Colorado
(from Dawson and Murray, 1978}.

Overburden

Thickness
Mine Name County Production (short tons) (feet)

1976 1977
Bear Gunnison 109,226 226,221 1200
Hawk's Nest East (#2) Gunnison 26,787 190,350 1600
Hawk's Nest West (#3) Gunnison 155,732 12,363 1600-2000
Somerset Gunnison 950,156 914,552 200-2000
Allen Las Animas 618,867 582,257 400-1100
Maxwell (New) Las Animas 0 31,815 400-1400
Coal Basin Pitkin 108,874 123,182 100-3000
Bear Creek Pitkin 115,547 58,352 100-3000
Dutch Creek #1 Pitkin 132,408 232,481 100-2500
Dutch Creek #2 Pitkin 268,902 208,142 ¥00-3000
L.S. Wood Pitkin 263,109 298,405 100-3000
Thompson Creek #1 (New) Pitkin 530 7,455 400-1300
Thompson Creek #2 (New) Pitkin 150 8,413 400-1300
Total 2,749,988 2,893,988




USE AND MANUFACTURE OF COKE

COKE USES

The American Society for Testing and Materials
(1975) defines coke as "a carbonaceous solid
produced from coal, petroleum or other materials
by thermal decomposition with passage through a
plastic state". The unique physical properties of
coke make it a very desirable fuel for
metallurygical and chemical processing. As a
high-quality fuel, it is nearly 100 percent fixed
carbon, with only minor amounts of ash and sulfur,
and practically no volatile matter content
(Sheridan, 1976).

The predominant and most important use of coke
is as a fuel for the mwanufacture of iron (Lowry,
1963). Basically, there are three essential
ingredients within the ‘“charge" used in blast
furnaces at steel plants: iron ore, limestone, and
coke. Coke serves three purposes in the charge
(Lowry, 1963; Holway, 1975). First, it provides
the heat which results 1in melting diron ore.
Second, the carbon from the coke forms carbon
monoxide, which reduces the iron-bearing material
to metallic iron. And third, coke allows the air
blast and reducing gases to move uniformally up
through the furnace by providing a strong, porous
physical structure that supports the charge.

Althouyh the utilization of coke in the blast
furnaces of steel plants is its most important use,
coke is also required in various iron foundries,
nonferous smelters, and chemical plants (Sheridan,
1976). Within the metallurigical industry, Lowry
(1963) states that "coal is used in sintering,
pelietizing, zinc retort-smelting, blast furnace
smelting, and other metallurgical processes." Coke
breeze is often used as a fuel for steam generation
inboiler houses and for smelting plants (McGannon,
1971). Rose and Gienn (1956) discuss the various
processes in which coke is used in the chemical
industry. In most of these processes, coke is used
to furnish carbon for conversion of oxide to
chlorides or to carbides and for the reduction of
nonmetals.

The basic differences between foundry,
metallurgical, and chemical coke are illustrated on
Figure 2. On this figure, the physical
characteristics of the three types of coke are
graphed with the petrographic characteristics of
the coals used to make the coke.

COKE MANUFACTURING

Reyardless of its use, coke in Colorado has
been manufactured by two different methods. The
early production of coke in the State was
accomplished by the use of beehive coke ovens.
Eventually, CF&I Steel Corporation installed a

byproduct recovery or slot-oven process at their
steel plant in Pueblo. Because of economic and
environmental considerations, the use of beehive
ovens has been discontinued in Colorado, leaving
the slot-oven process in Puebio as the only coke
manufacturing operation in the state for the past
20 years (Table 3).

A close examination of beehive coke oven ruins
in Colorado's coking-coal reygions reveals the
principle of the carbonizing process. These ovens
are dome-shaped with two openings: a door and a
hole in the roof called the trunnel head (Figure
1). The oven is charged through the trunnel head
from a lorry car above. The coal charge is then
levelled in the oven and the door bricked up to
within 1 1/2 inches of the top. Heat retained in
the oven from the previous coking cycle causes the
coal to begin liberating volatile matter or gases.
As the temperature of the gases rises, the ignition
or "kindling" point is reached and the gases begin
to burn with a s1ight explosion. The fiames supply
heat to continue the process and are regulated by
adjusting the size of the door opening.

Coking time is primarily a function of the
depth of the coal charge. During the process, the
coal becomes plastic and then solidifies into a
porous mass similar to scoria. At the end of the
coking time, the brick door is torn down, and the
coke is watered out to arrest the burning process.
The coke is then drawn out of the oven, either by
hand or machine, and 1is screened. Resulting
products include coke and the finer coke breeze
(McGannon, 1971).

<~——LARRY CAR

EARTH FiLL

) . STONE
FACING

REMOVABLE BRICKS
»FOR REGULATING
AIR INTAKE

Figure 1. Schematic diagram of a beehive coke oven
(after McGannon, 1971).
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Contrasting Properties of Coke in Each Area
Area A Coke meets Foundry Coke Specifications
High Coke Yield (75%)
Low Porosity Coke
Destructive Coke Oven Pressures
Highly Expanding Coke
Large Blocky, high density, low reactivity coke
Area B Coke meets Blast Furnace Specifications
Area C Coke meets Chemical Coke Specifications
Low Coke Yield (65%)
Very High Porosity Coke
Coke is highly contracting
Small coke size, light density, highly reactive
Figure 2.

Berry, 1978

Cfntrasting foundry, blast furnace, and chemical coal properties (modified from



Coke ovens in Colorado can be found in
batteries that were constructed in three general
arrangements. The simplest, called the bank
system, is exemplified by ovens near Cokedale, in
Las Animas County, in which the ovens are built
into the hillside in a single row. With the
single-block system, a single row of ovens is built
with a retaining wall on both the front and back.
Most commonly, the ovens was built in the
double-block system, in which a double row of ovens
were built back to back or staggered with a
retaining wall at the front of each row. Figures
3, 4, and 5 illustrate some of the ruins of coke
ovens found in Colorado.

In contrast to the beehive coke oven process,
in which most of the work is done by hand, the
by-product or slot oven process 1is a highly
mechanized and modern procedure. Figure 6 is a
schematic illustration of a slot oven. A typical
oven is 30 ft long, 12 to 22 ft high, and 18 in.
wide. Coal is charged from the top and
mechanically levelled. Heat for the process is
then supplied by burning gas in the oven walls. As
volatile matter is liberated from the heated coal,
it is recovered and processed. A portion of the
processed gas is recycled and burned to heat later
coal charges.

After the coal charge has coked, which
generally takes about 18 hours, the doors of the
oven are removed. The coke is then pushed out of
the oven with a Targe ram and cooled in a quenching
car. Table 5 depicts the production of coke and
the by-products recovered through the use of a
typical slot oven process. Although a beehive oven
typically produces 1,332 1bs of coke per ton of
coal, no by-products are recovered in the process.
In contrast, a slot oven produces 1,520 1bs of coke
per ton of coal and recovers commercially valuable
by-products (Rose and Glenn, 1956). More detailed
information concernina the cokina process and the

Figure 3. Beehive coke oven batteries located in
the Raton Mesa coal region, near Cokedale, Las
Animas County, Colorado.

various products produced can be found in Rose and

%13??)(1956), Strassburger (1969), and McGannon

Figure 4. Beehive coke oven batteries located in
the Carbondale coal field, near Redstone, Pitkin
County, Colorado.

Vg

Figure 5. Ruins of a beehive coke oven located in
the Raton Mesa coal region, near Ludlow, Las Animas
County, Colorado.

SEPARATE CHARGING LARRY

Schematic diagram of a slot or
by-product coke oven (after McGannon, 1971).

Figure 6.



COKING COAL EVALUATION PARAMETERS

'To properly evaluate the coal resources of a
region as to their potential use in the coking-coal
industry, parameters must be established to
distinguish coking-coal resources from
non-coking-coal resources. Coke properties are,
however, influenced not only by the coals used in
the manufacturing process but also by several other
factors. Therefore, the parameters used and the
application of those parameters vary from company
to company, even within the same facet of the
coking-coal industry. For example, at the onset of
this project, investigators with the Colorado
Geological Survey wrote to several steel
manufacturing companies in the United States to
determine their coke oven feedstock parameters.
Tables 6 and 7 summarize the response to our survey
and illustrate the variability of parameters used
to evaluate coking coals. Even though séeveral
companies surveyed use similar parameters in their
coal evaluations, the acceptable ranges of values

The two primary factors that influence coke
properties are the coal used in the coke oven
feedstock and the technical process used in the
manufacture of the coke. This fact has been
demonstrated by many workers, including Somez and
others (1967), who stated that "both carbonization
conditions in the coke oven and the properties of
the coal charged enter into complex
interrelationships to influence the resultant
coke." Figure 7 clarifies the importance of these
two factors and illustrates some of the individual
elements to be considered within the two
categories. A detailed discussion of the various
aspects of technical processes used in the
manufacture of coke is beyond the scope of this
paper. However, a brief discussion concerning some
of the technical practices used in the industry can
illustrate why the parameters used to evaluate
coking coals vary to such a degree.

for these parameters differ from company to One practice that can influence the selection
company. of coals needed by a coke manufacturer is that of
0 RANK MACERALS
T (microlithotypes)
5(5; CHEMICAL PROPERTIES
x Volatile Eiementary Bitumen Decomposition | Hygroscopical | Ash | Trace
Matters | Composition Content by Oxidation Moisture Elements

_
§ PHYSICAL — CHEMICAL — PROPERTIES

Progress of Swelling, Softening
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Rate of Expansion

Devalatilization
i
Q
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E
0 Temperature | Oven | Water | Size | Bulk
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Figure 7. Possible coal properties and technical Processes that can influence the coking
capacity of coal blends ggfter Stach and others, 1975).



adding materials other than coal into the oven
feedstock. Some coke producers blend low
percentages of machine carbon, anthracite, coke
breeze, or char into the coal before initiating the
coking process (Boley and others, 1972). Various
petroleum products are also added by some
manufacturers. These blending additives are used
either for economic considerations or for their
effects on desired coke properties.

Conditions within the coke oven itself also
can effect coke properties. For example, the size
and strength of coke are strongly influenced by
oven width, flue temperature, and bulk density. In
turn, a change in any one of these parameters
brings about a change in coal expansion, coking
time, and the coking rate (Gomez and others, 1967).
After a study of the change in physical properties
of 112 cokes as a function of eight different
variables, including coke oven variables, Gomez and
others (1967, p. 34), concluded that "A given
property of the coke vreflects the sum of
muitivariable interactions occurring in the
carbonization reaction."

Another technical innovation 1in the
coking-coal industry in relatively recent years is
the practice of blending several different coals to
establish reliable coke oven charges.
Traditionally, when beehive coke ovens were used to
manufacture coke, one coal was considered adequate
to produce a good coke. However, with jncreased
reliance on by-product coke ovens, and with
depletion of readily obtainable premium coking
coals, the industry has turned increasingly to the
use of blends of several different coals. Today,
only one coke producer in the United States uses a
single coal as oven feedstock (Jones and Murray,
1978).

Smith and Reynolds (1955) state that the
blending of coals affords a means of (1)
controlling coke oven expansion pressure, (2)
physically and chemically improving the quality and
uniformity of coke, and (3) effectively using and
conserving the premium grades of coking coals. In
a beehive coke oven, expansion pressure is of
1ittle concern because the coal charge is
unconfined (Fig. 2). In a modern by-product oven,

Table 5. Yields of selected chemicals from high-temperature coal
carbonization (after Rose and Glen, 1956).

in a slot-type oven

Principal products from carbonization

Average yield/ton

Coke and breeze
Tar
Light oil

_ Ammonium sulfate

From coal tar and light oil

Benzene
Toluene
Xylenes
Naphthalene
Phenanthrene
Anthracene
Pyridine
Quinoline
Phenol

From coal gas

Carbon monoxide
Hydrogen

Methane

Hydrogen sulfide
Hydrogen cyanide
Ethylene
Propylene

From liguor

Ammonium sulfate

Pounds/ton

11.80
2.72
1.33
6.48
2.26
0.64
0.16
0.13
0.95

20.0
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however, charge expansion pressures of more than
1.5 to 2 percent can cause substantial damage to
the oven.

In the United States, the general practice is
to use a high-volatile coal as a base coal and to
blend lower percentages of medium- or low-volatile
coals with it. This practice is followed because
high-volatile coals are usually more readily
available than are Tow- or medium-volatile coals.
However, high-volatile coals produce Tlow coke
yields and comparatively weak cokes. The addition
of lower volatile coals raises the resultant coke
strength and also increases the coke yield. If too
much Tlow- or medium-volatile coal 1is added,
however, excessive expansion pressures result, and
oven damage can occur. Blending also makes
possible the use of coals normally considered
excessively high in sulfur or ash. Blending
combinations are, therefore, virtually unlimited
and any coal may be used in a blend so long as coke
with acceptable properties is produced (Sheridan,
1976).

The technical process used to manufacture the
coke is not the only factor influencing the
selection of coals to be coked. The use for which
a coke 1is manufactured determines the coke
properties required and, therefore, influences the
coals needed as feedstock. Economic considerations

Table 7.
Gray and others, 1978).

The United States Steel Corporation ranking of

related to coal availability, environmental
restrictions, mining conditions, or transportation
costs also can influence the selection of one coal
over another. The variability of the different
parameters to be considered in the selection of
coal for coking is illustrated in the following
list of  general coking coal requirements
(Strassburger, 1969):

1. Uniformity

2. Ash and sulfur contents

3. Coking properties
a. Coking strength
b. Expansion-contraction and pressure

characteristics

4, Availability, mine price, and transpor-
tation costs

5. Coke, gas, and coal chemicals yields,
including water of decomposition

6. Ash composition and fusibility

7. Moisture content

8. Storage and handling characteristics
a. Oxidation - weathering behavior
b. Size segregation
c. Dustiness and windage Toss
d. Freezing in transit

9. Pulverization and breakage properties
a. Grindability and friability
b. Hardness and abrasiveness

coking-coals for blending (from

High Volatile A

Rating
Property Good Medium Poor

1) Volatile matter, percent 31.0-33.0 33.0-36.0 +36.0
2) Vitrinoid reflectance, %** 0.92-1.09 0.85-0.95 0.68-0.85
3) Fluidity, ddpm*** +20,000 5,000-20,000 5,000
4} Free-swelling index 9 6-8 6

5) Hardgrove grindability index 48-75 32-70
6) Composition-balance index** 0.40-0.80 0.80-1.40 1.40
7) Rank index** 3.4-4.3 3.0-3.4 2.2-3.0

Determined petrographically

Dial divisions per minute

Those properties such as volatile-matter content, reflectance in oil, and rank index have little bearing in the ranking of medium-volatile coals
because the rank required for a medium-volatile coal is dependent upon the rank and amount of the other coals used in the blend.

Coal Classification

Medium Volatile* Low Volatile

Rating Rating

Good  Medium  Poor Good  Medium  Poor
21.0-24.0 24.0-27.0 27.0-31.0 18.0-21.0 15.0-18.0 15.0
1.40-1.50 1.20-1.40 1.10-1.20 1.61-1.70 1.70-1.85 1.85
500-8,000  300-20,000  300- 20,000 100-300 30-1,000 30- 1,000

9 7-8 7 9 7-8 7
80-135 60-90 90-120 85-105
1.0-1.50 1.50-2.00 2.0 2.0-3.50 3.50-5.0 5.00
6.0-6.5 4.3-5.5 4.3 6.8 6.0-7.5 7.5
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COAL CLASSIFICATION SYSTEMS

Many classification systems have been devised
for determining tne desirability of any specific
coal for its use in coke oven blends. Although
these systems are influenced by the foregoing
considerations, they have been applied in varying
degrees to the evaluation of coking-coal resources
in different areas. The following is a brief
review of the various coal classification systems
and their applicability in evaluating Colorado's
coal resources.

Coal classification systems are generally
established using the compositional, plasticity, or
petrographic properties of the coal utilized in the
coke manufacturing process. Testing procedures
used to establish compositional and plasticity
properties of coal have been standardized in the
United States by the American Society for Testing
and Materials. In their annually updated
publication, the Society outlines procedures for
coal sampling, testing, and reporting (ASTM, 1978).
Petrographic standardization has been established
through the work of the International Committee of
Coal Petrography and published in the International
Handbook of Coal Petrography and its supplements
(1963, 1971, 1975).

However, standardization of coal sampling,
testing, and reporting procedures does not preclude
discrepancies and problems in the use of laboratory
results for the construction of coal classification
systems. The problems that are inherent in coal
testing and reporting procedures are discussed in
Lowry (1963), Allen (1964), Rees (1968), Givens
(1969), and Givens and Yarzab (1975). These
problems can lead to discrepancies within any coal
classification system based upon the reported
laboratory analysis. Therefore, although there are
exceptions, fewcoal classification systems define
coal properties rigidly enough to adequately
predict what the properties of the resultant coke
oven charge will be. Discrepancies may lead to
such problems as excessive oven pressures,
decreased coke strength, or decreased coke
stability.

To insure that problems associated with coal
classification systems will not lead to economic
losses, coke manufacturers generally test new coal
blends in pilot scale coke ovens before
implementing coke production with the blend. _A
typical pilot size coke oven is illustrated in
Jackman and others (1955), Jackman (1963), and
Strassburger (1969). These small ovens hold coal
charges of approximately 35 to 1000 pounds. Pi]ot
scale oven tests are run to measure oven expansion
pressures, to experiment with the effects of time
and temperature on resultant cokes, and to obtain
coke for quality tests (Strassburger, 1969).

13

GENERAL COAL CLASSIFICATION SYSTEMS

The classification of coal by rank following
the standards established by the American Society
for Testing and Materials is the most widely
utilized classification method used to evaluate
American coal resources. Coal rank is determined
using those compositional and plasticity parameters
designated in the annual book of ASTM standards
(ASTM, 1978). The <classification method s
illustrated on Table 8. Using this table, coals
are classified according to their calorific value
(moist, mineral-matter-free Btu per pound) until
coals of 69 percent or greater dry,
mineral-matter-free fixed carbon are attained.
Coals containing 69 percent or greater fixed carbon
are classified according to their fixed carbon
contents, regardless of their Btu values. The
agylomerating character of the coals is used to
differentiate between some closely related groups.

The rank of a coal as established according to
Table 8 can be used to gain some insight into the
application of any coal resource to the manufacture
of coke. As indicated by the table, only coals of
bituminous rank are agglomerating and hence are
considered to be potentially coking coals. As
discussed previously, coals of other ranks are
sometimes added to a coke oven charge to enhance
certain resultant coke properties. However, only a
relatively minor percentage of coals exclusive of
bituminous rank are used in the coking-coal
industry. Coke manufacturers in the United States
use coals of bituminous rank as the major component

in their blends. In addition, no coke
manufacturers in this country wuse coals of
high-volatile C bituminous rank as a major

component in their blends (Strassburger, 1969). A
coking-coal evaluation program 1in America,
therefore, need only consider those coals between
high-volatile B and low-volatile bituminous in
rank.

Although the ASTM classification of coals by
rank is the primary classification system used in

this country, various other international and
national coal classification systems exist. In
some cases, the rank names wused 1in these

classifications may be the same as those used in
the ASTM system. However, different compositionel
and plasticity parameters form the basis for the
various classification schemes. Jones and Murray
(1978) have discussed the discrepancies that occur
in attempting to form a correspondence between
European and ASTM classification systems. Because
most European classification systems use ultimate
carbon instead of fixed carbon as a significant
parameter, the rank name of one coal may vary
depending on which system used (Fig. 8). A1l coal
ranks reported in this report are determined using
ASTM procedures.



An International Classification of Hard Coals
by Type has been devised through the efforts of the
Coal Committee of the Economic Commission for
Europe, Geneva, Switzerland (Table 9). Lowry
(1963), Strassburger (1969), and Montgomery (1974)
yive detailed discussions of the use of the
International system. The term "type" in the
International Classification corresponds to rank
designations in the ASTM system. Using various
compositional and plasticity parameters depicted on
Table 9, a three-digit number is generated to
characterize the "type" of each coal. Figure 9
illustrates the correlation between the
International Classification class number and ASTM
designated group names. The International
Classification has not found wide acceptance in the
United States, however, because neither the
Audibert-Arnu dilatometer test nor the Gray-King
assay method are commonly performed by American
coal laboratories.

COKING - COAL CLASSIFICATION SYSTEMS
Compositional Classifications
Strassburger (1969) reported a coking-coal

classification based upon the ASTM classification
of coals by rank and coal "variety" or "type"

Table 8.
Testing and Materials (after ASTM, 1978).

(Table 10). According to Strassburger, coal type
{(not associated with the International
Classification) may be determined simply by a
megascopic examination of coal samples. However,
Schopf  (1960) reports that a microscopic
examination is the only method of differentiating
bDetween nonbanded coal types. As depicted by Table
10, bright (common banded) coals are the common
layered-appearing coals composed of various
coalified plant remains. Splint coal is a variety
of banded coal with uneven, blocky fracture and
granular texture (Thrush, 1968). Cannel coal is a
nonbanded coal composed predominantly of spore
coats. A coal derived from the remains of colonial
algae is termed boghead coal. A1l commercially
produced coals in the coking-coal regions of
Colorado are common banded coals.

During those times in which the Beehive coke
oven was the major producer.of coke, determining
the coking potential of a coal was much simplier
than it is today. Formerly, there was no need to
evaluate the ways in which different coals would
interact in coal blends. Oven feedstocks consisted
of only one coal. Personnel from the U.S. Bureau
of Mines devised a method to determine the coking
potential of a coal through the use of commonly
performed laboratory chemical analysis. A coking
index was computed by the following method (Perry,
1943, Jones and Murray, 1978):

Coal rank classification method following the standards of the American Society for

Fixed Carbon Volatile Mutler Calorific Value Limits,
Linuts, percent Limits. percent Btu per pound (Moist.”
(Dry. Mineral- (Dry. Mineral- Mineral-Matter-
Class Group Muatter-Free Basis) Matter-Free Basis) Free Basis) Agglomerating Character
%9”{“ or Lexs Greuter Equat or E,qUJI or Less
JTeuter Than Than Less Greater Than
Than Than Than
1. Metu-anthrucite 9% 2
I. Anthracitie 2. Anthracite 92 9% 2 8 nonugglomerating
3. Semianthracite’ w6 92 14
I. Low volatile bituminous coal Rh K6 14 22
2. Medium volatile bituminous coul 69 78 22 3 .
11, Bituminous 2. High volatile 4 bituminous coul o 69 31 o 14 000 . Commonly agglomeraling’
4. High volatile B bituminous coal 13 000 14 000
5 High volatile € hituminous coal { 11 500 13 000
10 500 11 500 agglomerating
I. Subbituminous A4 coal 10 500 11 500
111, Subbituminous 2. Subbituminous B coal 9 500 10 500
3. Subbituminous € coul ¥ 300 9 500
nonagglomerating
. I, Lignite 4 6 300 8 300
IV, Ligmtic > Lignite 8 6 300

CThis classification does not include a few coals, princaipally nonbanded varieties. which have unusual physical und chemical properties and which come within the limits of

fived carbon or calonific value of the high-volatile bituminous and subbituminous ranks

or have more than 15,500 moist. mineral-matter-free British thermal units per pound

At of these couls either contain less than 48 percent dry, mineral-matter-ree fixed carbon

" Muoist refers to coal containing its natural inherent moisture but not including visible water an the surfuce of the coal.

If agglomerating. classify in low-volatite group of the bituminous clisy

* Coals having 69 percent or more lixed carbon on the drv. mineral-matter-free basis shall be clussified sccording to fixed carbon, regurdless of calorific value.
 Itis recognized that there may be nonaggtomerating varieties in these groups of the bituminous class. and there are notable exceptions in high volatile C bituminous group
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Coking index= atb+c+d

5
Where: a = 22/02
b = (2) H2/02
c= FC
TT.3) VM
d= Btu
13,600
and: 1) The 02 content should be under

11% to possibly be of coking quality.
2) The H2/02 ratio should be greater
than 0.5 to possibly be of coking
quality.
The FC/VM ratio should be greater than
1.5 to possibly be of coking quality.
A coking index of greater than 1.10
indicates a "fairly good coking coal;"
an index of between 1.00 and 1.10
indicates that coke may be produced
under special conditions.

Using this procedure, Jones and Murray (1978)
computed coking indices for bituminous rank coals
from several regions in Colorado. However, as
reported in their publication, such coking indices
are of little value to the modern coke producer
using coal blends as oven feedstock.

Leonard (1965, 1978) has developed a method of
predicting ASTM coke stability indices for coal
blends by the utilization of Hardgrove grindability
index (HGI), bulk density, pulverization, and
volatile matter. Using a set of graphs based on
Leonard's work (Fig. 10), the properties of coke

established. Depicted on Figure 10 is an example
in which coal of 50 HGI and a moisture- and
ash-free VM (volatile matter) content of 40 percent
is blended with a coal of 110 HGI and 15 percent
VM, After respective coal values are connected
with straight lines, the path represented by the
the dashed 1ines represents 35%/65% coal blend with
71 HGI and 32 percent VM. Transferring this value
to the expanded VM scale (scale I) and using a
pulverization level of 82-88 percent, an ASTM coke
stability index of 60 is predicted. Leondard's
prediction method is well suited for use in the
industry for evaluating the potential of two coal
resources. However, it is of only limited value
for a statewide evaluation program because (1) very
few HGI values are published for Colorado coals,
and (2) the evaluation method does not define the
limits of what is considered to be a good coking
coal.

Between 1960 and 1965, three scientists at
Steinkohlenbergbaurverein, Germany, developed a
method for predicting coke stability indices by the
use of the Ruhr dilatometer. Details outlining the
prediction method have been published in English by
Walters and others (1971) and discussed by Ignasiak
(1974). Walters and his associates found excellent
agreement between predicted and resulting coke
stability indices determined using American coals.
However, they point out several disadvantages in
the use of the prediction method by American coke
producers. First, the predicted coke strength
index is expressed in Micum 40 tumbler value rather
than ASTM stability index. The experimental
procedures also follow German standard methods, and
all parameters are expressed in the metric system.
This method, cherefore, has not found wide
acceptance in the United States.

A statistical method has recently been applied
to the correlation of coal compositional
parameters, coal plasticity parameters, and ASTM
coke indices (Wu and Frederic, 1971). Their
research established linear correlations using 63
parameters representing chemical analysis, three
plastometer and dilatometer tests, four

obtained from binary <coal blends <c¢an be miscellaneous plasticity tests, and three ASTM coke
Internations!
classification, 0 1 2 3 4 5 6 7 8 9
class number
- vvvloYTY lTsvvvv ﬁvrvTvv VIVI' v v Y vvv;3mzrf;2M!" + rT.v vor
5 Yolatile-matter parameler_'/ 2 25 kY y 14,000 Cak’wiﬁonlue par'Tmetev_'.l 11,000 lO.!an
P GG BT S SR S S B RSP A SN GG AT G S | S S BT T N
Meta] High-volatite ! .
ASTM . ; . ; . High-volatile C bituminous
- an . Low-volatile Medium-volatile High-volatile A 8 . Subbiturninous B
classificstion. thra- Anthracite Semisnthracte bitumninous coal bituminous coal bituminous coal | bituminous coal end subbituminous A cosl
group name . coe
cite coal
ﬂ Parameters in international system are on ash-free basis; in ASTM system, they are on minersl-matter-free basis.
b/ No upper limit of calorific value for class 6 and high-volatite A bituminous coels.
Figure 9. The correlation between the International Hard Coal class number and ASTM designated

group names (from Montgomery, 1978).
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indices. Although the work does not result in a
ching-coa] classification system, it is
significant in illustrating the reliability of a
classification system based on any of the various
parameters and indices used in research work. For
example, maximum Gieseler fluidity was found to
have no significant linear correlation with any
compositional parameter or ASTM coke indice,
although Gieseler solidification temperature does
have a significant correlation. A classification
system based on Giesler solidification temperature
would probably be more reliable than one based on
Gieseler maximum fluidity.

Recently, a classification system has been
established for coking-coal resource evaluation
based on the sulfur and ash content of the coal.
Strassburger (1969) referred to the importance of
sulfur and ash control in selecting coals for the
manufacture of blast furnace coke. Sulfur and ash

content are of primary importance, according to
Strassburger, because they determine the effective
carbon available for smelting in the furnace, the
furnace flux requirements, and the sulfur
elimination required. A high sulfur content leads
to increased blast furnace slagging, decreased
metal production, and, consequently, decreased
profits. Most of the sulfur content of coal
feedstocks is retained throughout the coke and
metal manufacturing process and, therefore, has a
detrimental effect on the finished metal product.

A classification system has been established
using sulfur and ash contents as guidelines.
Sheridan (1967) reported that, in accordance with
previous Bureau of Mines investigations, the
specifications for metallurgical-grade coals are
that they must be strongly coking and contain no
more than 1.25% sulfur and 8.0% ash, mined or after
cleaning. In 1976, he revised those percentages,

Table 9. The International Classification of Hard Coals by Type (from Montgomery, 1974}.
GRouPs CODE NUMBERS SUBGROUPS
(determined by caking properties) (3eterminen by roking properties)
ALTERNATVE ALTERNATIVE
GROUP PARAMETERS The first figure of the code number indicates the class of the caal, detesmined by volatile-matter SUBGROUP PARAMETERS
GROUP content up to 33% ¥ M and by calonhic parameter above 33% V M SUBGROUP
NUMBER Free- sweliing index Tne second figure indicates the group of coal, determined by caking properties NUMBER
(crucible-swelling Roga inder The third higure indicates the subgroup. determined by coking proprrites Duatometer Gray-King
number}
N NN N \ AN
\\\ NORRN N R 435 535 635 5 > 140 > Gy
N SR N
R
N
NS \. R
\ NN 134 434 4 - .-
NN 3 534 63 4 > 50-140 G4-Gg
3 >4 > 45
AN N 313 413 <33 633 3 > 0-50 Gy-Ga
. 2
y ol ool PEFS 532 632 2 <o €6
N 323 423 523 623 723 823 3 > 0-50 G- Ga
N N
2 2} -a > 20-45 R : 322 422 522 622 722 822 2 <o -G
< 3 : 32) 421 521 621 721 821 - ! Contraction only 8-
N N N . s
N RSN
S 22 312 a2 s12 612 nez 812 NN 2 <o €-6
N N
' 1-2 >5-20 ~
) N
N 211 EN anl 511 611 m 81t SN ! Contraction only a-0
N
N
100 200
0 0-4 0-5 w s 300 400 500 6500 700 80C 300 0 Nonsottering A
CLASS NUMBER —_— 0 1 2 3 4 5 6 4 8 3 As an indication. the toliowing classes have an
volanl content of
Volatite matter 23-10 Class 6 33-41% volatile matter
(dry. sun-Tree) 0-3 >3_}>55_ >10-14 | >14-m0 | >20-28 | >28-33 >33 >33 >3 >33 7 33.44% N
CLASS 65| 10 8 35-50% "
PARAMETERS >12.960 103 >10.260 9 42-50%
[ ter 2/ - - — _ _ _ X 2960~ > 10980~ 260-
Calontic parameter 2 —em > 13950 { 215 7050 A
CLASSES
{Determined by volatile matter up to 337, V M and by calonhic parameter above 339 V M)
Note {1 ) Where the ash content of coal 1s too high 10 allow classitication according 1o the present systems. it must be reduced by laboratory float-ang-sink method

(o any other appropriate means) The specific gravity selected for fiotation shouid atlow a mammum yield of coat wilh 5 fo 10 percent of ash

{n)332a
3320

>i4-168V M
>16-20% ¥V M
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stating that "premium-grade coking coal," as
generally accepted, should contain no more than
8.0% ash and 1.0% sulfur. "Marginal grade" coking
coals were those with higher percentages of ash and
sulfur (Sheridan, 1976). Mutschler (1975) used
contents of less than 8.1% ash and 1.3% sulfur as
criteria for "premium-grade" bituminous coals with
potential for coke manufacuture. Using guidelines
suggested by Wiliiam S. Sanner, Sr., and
subsequently published by him (Sanner and Benson,
1979), Jones and Murray (1978) used coal ash and
sulfur contents as one criterion 1in their
coking-coal classification system.

In the classification system proposed by Jones
and Murray, the desirability of any coal for coke
manufacture is defined using various criteria. The
criteria include coal rank, coal ash and sulfur
content, coal carbonizing pressure, volatile matter
content, fluidity, grindability, and individual
coke producer's preferences (Table 11). These
parameters are used to establish a three-part
blending classification. The first part of this
classification is a number used to designate the
coal rank. A capital letter follows the number to
denote a high, moderate, or Tlow sulfur and ash
content in the coal (corresponding to the "Tatent",
"marginal", or ‘“premium" grade coking coal
classification of Sanner). Finally, a lower-case
letter is used to indicate a "desirability factor"
based on carbonization pressure, fluidity,
grindability, volatile matter content, or coke
producer's preferences. For example, a coal
designated 1Aa would be a Tow-volatile bituminous
coal with a sulfur content of less than 1.0% and
an ash content below 8.0%. In addition, the coal
would have a volatile matter content of between
18.0 and 22.0% and a Gieseler maximum fluidity of
greater than 300 ddpm.

Although there are good attributes to the
classification system proposed by Jones and Murray
(1978), several detrimental factors preclude the
use of the system for a statewide resource
evaluation. Coal rank does play a large part in
the selection of coking coals. The scarcity and
properties of low- and medium-volatile bituminous
coals make them substantially more expensive and,
therefore, more desirable than high-volatile
bituminous coals. Low sulfur and ash content will,
as previously discussed, cause a coal to be more
desirable. However, further subdivision of coals
in these groups by a "desirability factor" rapidly
leads to discrepancies. As previously discussed,
in the selection of coking coals, coke producers
are influenced by many outside factors besides just
the inherent coai oproperties. Within rank
divisions, there is no basis for delineating one
coal as being more desirable than another on the

basis on volatile matter content. Coke
manufacturers may, on the basis of all other
factors influencing their decision, choose a coal
with a low "desirability factor" within a rank
division. Additional problems with the
classification system are encountered when
attempting to use maximum Geiseler fluidity as a
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classification parameter. Research by the U.S.
Bureau of Mines indicates that Gieseler maximum
fluidity does not have a significant correlation
with coke strength indices or compositional
parameters, including volatile matter content (Wu
and Frederic, 1971). Figure 11 illustrates this
point. In this figure, maximum Gieseler fluidities
have been plotted against corresponding mean
vitrinite reflectances, which do have a significant
correlation to volatile matter content (Stach and
others, 1975). Similar ©problems arise in
attempting to correlate maximum Geiseler fluidity
with carbonization pressure, Hardgrove
grindability, or free-swelling indices (FSI). A
test for maximum Geiseler fluidity dis usually
performed on a potential coking coal to measure its
fluid temperature range. If the fluid ranges of
the constituent coals in a blend do not overlap, a
strong coke does not result when the blend is coked
(Gray and others, 1978).

Petrographical Classifications

Currently, the most widely utilized and
reliable evaluation method for establishing the
blending potential of a coal for coking without
actual carbonizing tests is through the use of coal
petrography. Coal petrography has been defined as
the earth science related to petrography which
deals with the study, classification, and origin of
coal (Berry and others, 1967; Moses, 1976). Coal
microscopy is the main field of coal petrography
(Stach and others, 1975). In recent years, coal
microscopy has lead to the development of a system
to predict coke stability indices for any coal
blend.

Within the scope of this report, the primary
application of coal petrography is in its use in
determining coke stability indices for Colorado
coals. However, in the coking-coal industry, coal
petrography has been utilized for a score of other
uses. For example, Benedict and Berry (1964a,
1964b), Berry and others (1967), and Benedict and
Thompson (1976) have described several applied
industrial uses of coal petrography. These uses
include the following:

1. Determination of coal carbonization product
yields

2. Prediction of free-swelling indices and Btu
values

3. Determination of coal oxidation tendencies

4. Categorization of coal for certain
combustion uses

5. Guiding coal preparation practices

6. Aiding in solving combustion and boiler

problems
7. Prediction of coke oven pressures
Stach and others (1975) reported additional

industrial applications, including those involved
with coal mining, coal preparation, carbonization,
briqueting, and combustion. Recent work has also



Table 10.

Classification of coals by coal

properties (after Strassburger, 1969).

"variety" or "type",

and their respective carbonizing

BRIGHT (COMMON BANDED) COAL

CARBONIZED COMMERCIALLY ALONE AND IN

BLENDS BY HIGH-

PROCESSES.

AND LOW-TEMPERATURE

FUSE TO FORM COKE AND YIELD

COMMERCIAL QUANTITIES OF TAR, LIGHT

0IL, AND GAS.

SEMISPLINT, SPLINT-TYPE

AND CANNELOID COALS ARE USED SUCCESS-

FULLY IN BLENDS.

USE OF ILLINOIS HIGH

VOL. B COALS IN BLENDS IS GROWING.
HIGH VOL. C NOT USED FOR COKING AT

BITUMINOUS COAL TYPE OR VARIETY

SPLINT COAL

NOT CARBONIZED COMMER-
CIALLY. BECAUSE LUMPS
RETAIN SHAPE AND
STRENGTH ON HEATING,
THIS COKE IS USED IN
SOME SCOTTISH BLAST-FUR-
NACES IN PLACE OF COKE;
SOURCE OF SCOTTISH
BLAST-FURNACE TAR.

CANNEL COAL

NOT CARBONIZED COMMER-
CIALLY. FORMERLY
DISTILLED TO OBTAIN
"COAL OIL" FOR
ILLUMINATION. CHAR USED
AS FUEL IN PROCESS OR
WASTED.

PRESENT TIME.

BOGHEAD COAL

NOT COMERCIALLY
CARBONIZED. FORMERLY
PROCESSED LIKE CANNEL
COAL TO OBTAIN "COAL
oIL."

Table 11.
(1978).

The bituminous coking-coal classification for blending used by Jones and Murray,

Low
.0% Ash

- B
Moderate

-C -
High

12.1-15.0% Ash
1.9-3.0% Sulfur

-1 -
Low-Volatile

(1)

(14.1-22.0% V.M.)

-2 -
Medium—Vo]ati]e(z)
(22.1-31.0% V.M,)

_3 -
High-Volatile A(3)
(31.1-39.0% V.M.)

_ 4 -
High-Volatile B
(39.1-42.0% V.M.)

-5 -
High-Volatile C
(42.1-47.0% V.M.)

a=18.0-22.0% V.M.

+300 ddpm
100-300 ddpm

0-100 ddpm

0.0-1.0% Sulfur

0.0-8

4300 ddpm
100-300 ddpm

0-100 ddpm

8.1-12.0% Ash
1.1-1.8% Sulfur

+300 ddpm
100-300 ddpm

0-100 ddpm

b=15.0-17.9% V.M.

c=14.1-14.9% V.M,

a=18.0-22.0% V.M.
b=15.0-17.9% V.M.

c=14.1-14.9% V.M.

a=18.0-22.0% V.M.
b=15.0-17.9% V.M.

c=14.1-14.9% V.M.

a=22.1-24.0% V.M.
1000-5000 ddpm
b=24.1-27.0% V.M.
5000-15000 ddpm
€=27.1-31.0% V.M,
+15000 ddpm

a=22.1-24.0% V.M.
1000-5000 ddpm
b=24.1-27.0% V.M.
5000-15000 ddpm
€=27.1-31.0% V.M.
+15000 ddpm

a=22.1-24.0% V.M,
1000-5000 ddpm
b=24.1-27.0% V.M.
5000-15000 ddpm
€c=27.1-31.0% V.M.
+15000 ddpm

a=31.1-33.0% V.M.
+20000 ddpm
b=33.1-36.0% V.M.
5000-20000 ddpm
€=36.1-39.0% V.M.
Tess than 5000 ddpm

a=31.1-33.0% V.M.
+20000 ddpm
b=33.1-36.0% V.M.
5000-20000 ddpm
€=36.1-39.0% V.M.
less than 5000 ddpm

a=31.1-33.0% V.M.
+20000 ddpm
b=33.1-36.0% V.M.
5000-20000 ddpm
€=36.1-39.0% V.M.
less than 5000 ddpm

c= 39.1-42.0% V.M.

= 39.1-42.0% V.M.

c= 39.1-42.0% V.M.

c=

d= 42.1-47.0% V.M.

c=

d= 42.1-47.0% V.M.

C:
d= 42.1-47.0% V.M.

The low-volatile coal desirability factor (a, b, or c) is based on the carbonization pressure in 1bs./sq.in.

(psi) generated under actual test conditions, but fluidity is used for a better comparison.

characteristics.

The medium-volatile coal desirability factor is based on individual coke producers' preferences.
The high-volatile A coal desirabiltiy factor is based on the fluidity (dial divisions/min.)

and grindability

The high-volatile B & C coals are rated only on possible coke producers' preferences.
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indicated that coal petrography can be utilized as
a tool in the study of coal conversion processes
(Montgomery, 1974; Given and others, 1975; Davis
and others, 1976; Mason, 1976; and Jansen, 1978).
Furthermore, within the geological sciences, coal
petrography has been used as an aid in coal bed
correlations, petroleum maturation, tectonic
problems, paleogeography, stratigraphy,
paleoecology, origin of coals, methane generation
in coals, and 1in coal exploration (Berry and
others, 1967; Stach, 1968; Bostick, 1971; Dutcher
and others, 1974, Stach and others, 1975; Strauss
and others, 1976; and Jansen, 1978).

The first publication dealing with the use of
coal petrography to calculate coking-coal charges
was published by Russian scientists (Ammosov and
others, 1957). Relying heavily on this publication
and on a reflected tight petrographic
classification system for coals developed at The
Pennsylvania StateUniversity by William Spackman's
group (Berry and others, 1967), petrographers at
the U.S. Steel Corporation laboratory were able to
establish a significant correlation between
petrographic data and coke strength data (Schapiro
and others, 1961; Schapiro and Gray, 1964). Since
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Figure 11. Mean vitrinite reflectance vs. maximum
Gieseler fluidity (fromPaulencu and others, 1974).
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that time, other workers have modified the U.S.
Steel method to accommodate the particular coals
and coking processes with which they work. A more
complete and detailed account of the history of the
adoption of applied coal petrography to the problem
of coking charges can be found in Harrison (1962),
Berry and others (1967), or Stach and others
(1975).

The reflected-light classification system for
coal that forms the basis for determining coke
stability indices is fully described in Harrison
(1962), Harrison and others (1964), Berry and
others (1967), 'Stach (1968), Stach and others
(1975), and Moses (1976). The classification
system is based on the concept that coal 1is a
heterogeneous substance composed of various
constituents called macerals. Macerals in coal are
analogous to minerals in rocks and can be defined
as genetically-related groups of carbonaceous
entities which differ from other groups to various
degrees in chemical and physical properties (Stach,
1968; Stach and others, 1975; Moses, 1976).
Macerals conventionally have been classified into
three groups: vitrinite, liptinite (or exinite),
and inertinite (Stach and others, 1975). The major
macerals and maceral groups are summarized on Table
12.

Although other coke oven charge prediction
methods utilizing coal petrography exist (Stach and
others, 1975), the primary method used today is
based on the work of Schapiro, Gray and Eusner
(1961). This prediction method has been fully
described in various publications (Harrison, 1961;
Schapiro and others, 1961; Harrison and others,
1964; Berry and others, 1967; Stach and others,
1975; and Berry, 1978). The following brief
description of the method is adopted from Schapiro
and others (1961) and Moses (1976).

Table 12. Summary of the macerals of hard coals
(modified from Stach and others, 1975).

Group Macerals Macerals

Telinite
Collinite
Vitrodetrinite

Vitrinite

Liptinite (or Exinite)} Sporinite
Cutinite
Resinite
Alginite
Liptodetrinite
Inertinite Micrinite
Macrinite
Semifusinite
Fusinite
Sclerotinite
Inertodetrinite




The petrographic prediction method was
established by considering two primary principles.
In the first principle, coal macerals are
considered as being either reactive or inert with
respect to their performance in a coke oven.
Reactive macerals are those which become plastic
and undergo significant physical changes when
heated in the absence of oxygen. To obtain the
highest coke strength from a coal blend, an optimum
ratio of reactive to inert macerals must be
obtained. This principle has conventionally been
depicted by the use of an analogy. The analogy
compares the optimum ratio of inert to reactive
macerals needed to form the strongest coke with the
optimum ratio of cement and gravel needed to form
the greatest strength concrete. Vitrinite,
Tiptinite, and one-third of the semifusinite are
considered reactive macerals; while micrinite,
macrinite, sclerotinite, fusinite, two-thirds of
the semifusinite, and mineral matter are considered
inert.

The chief concern of the second principle is
consideration for the change in the optimum
reactive-to-inert ratio with changes in coal rank.
Because coal rank can be determined using vitrinite
reflectance, a petrographic point-count method is
employed both to delimit the volumetric percentage
of each maceral in the coal and to define rank
variations in the coal. Rank variations are
denoted as V-steps or V types, which are groups of
values for different vitrinite reflectances.

Two parameters, therefore, are produced for
each coal and utilized to predict the strength of a
coke obtained by carbonizing the coal. These two
parameters, called the balance index and the
strength index, are plotted against each other
(Fig. 12). The balance index is resalved by
cousidering the ratio of reactives to inerts that
actually exists in the coal under consideration
with what the optimum ratio should be for a coal of
that rank. This is illustrated on Figure 13.
Figure 14 is a summation of the method used to
delineate the strength index. Using the figure,
each individual reactive type (rank variation
indices determined by vitrinite reflectance) is
compared with the volume percent of inerts in the
coal to determine the strength index.

After cross-plotting the strength index and
balance index on Figure 12, the predicted ASTM coke
strength index can be delineated wusing the
empirically determined isostability Tines labled
"stability factor". The predicted stability index
will normally be within + 1.5 of the actual
stability index of the resultant coke, provided
that the following parameters are met (Stach and
others, 1975):

1. Size consist: 80% below 3 mm
2. Moisture content: below 2%

3. Bulk density: 88 kg/m3

4. Ash yield: 12%
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To determine the coke stability index
resulting from a blend of coals, two methods can be
employed. A rapid approximation may be obtained by
averaging just the balance and strength indices of
the blend coals in the desired proportions. A more
precise prediction may be obtained by taking all
reactive macerals in the coals to be blended and
averaging them by reactive type.

As previously stated, this prediction method
has been modified by different workers to
accommodate their particular coals and coking
processes. One new prediction method has been
established by coal petrographers at the Homer
Research Laboratories of the Bethlehem Steel
Corporation. These workers believe that the
anomalous coking behavior of certain coals may be
caused by a partially non-reactive response in coke
ovens by a fraction of the vitrinite macerals.
Thisfractionofvitrinite,ca]]edpsuedovitrinite,
can be distinguished from reactive vitrinite by
differences in various physical properties. The
percentage of psuedovitrinite that is included with
the inert macerals is determined by comparing the
reflectance of the psuedovitrinite with that of the
vitrinite macerals. Detailed discussions
concerning the identification, origin, and use of
psuedovitrinite in coke charge predictions may be
found in Thompson and others (1966), Benedict,
Thompson, Shigo, and Aikman (1968), Benedict,
Thompson, and Wenger (1968), Thompson and Benedict
(1974, 1975, 1978), and Moses (1976).

Modifications to the original method which
could have greater ramifications in the use of
petrographic prediction methods with respect to
Colorado Cretaceous coals have been presented by
Canadian coal petrographers (Cameron and Botham,
1966; Cameron, 1974). They found anomalous coka
oven reactions in attempting to use the original
method with their Western Cretaceous coals.
Because the original method is based primarily on
coking charges of Appalachian Carboniferous coals,
Canadian workers felt justified in modifying the
method to suit their Cretaceous coals. However,
the Canadian method has not found wide acceptance
among coal petrographers working with American
Cretaceous coals.

Published and publicly available coke charge
predictions for Colorado coals are notably scarce.
Jansen (1978) gives a brief description of the
petrographic prediction method and presents data
on three Colorado coal samples. The results of
Jansen's investigation are catalogued on Table 13.
Currently, Jansen's investigation is the only
formal publication addressing the use of
petrographic prediction methods with respect to
Colorado coals.

However, Colorado Geological Survey personnel
have been able to establish coke charge strength
indices for several coal samples from Colorado's
coking coal regions. Our work is based on
petrographic analyses of Colorado coals performed
by workers at The Pennsyvlania State University and



presented publicly in their PSU/DOE Coal Bank Data
Printout. Our predictions were computed using the
U.S. Steel Corporation method as outlined by Stach
and others (1975), and an adoption of the method
outlined in Moses (1976). Using this method, the
reactive macerals were prorated on the basis of the
quantity of each V-step present (Stach and others,
1975, p. 362). An abbreviated version of the
petrographic analysis and resulting CGS predictions
are listed on Table 14, and the analytical data on
Table 15. Additional data concerning these coals
may be obtained from The Pennsylvania State
University Coal Research Section.

STRENGTH INDEX (RANK)

e

The Colorado Geological Survey is also engaged
in a cooperative program with Drs. Russell R.
Dutcher and John C. Crelling, of Southern I11linois
University at Carbondale, to petrographically
characterize Colnrado coking coals. The Colorado
Geological Survey ships representative crushed coal
from full-seamchannel samples to Southern IT11inois
University for petrographic analysis. The coal
samples are obtained from the storage facilities of
the Branch of Coal Resources of the U.S. Geological
Survey in Denver. The results of this cooperative
program will be published at a Tater date when all
the data have been received.
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Figure 12.

Correlation curves relating coal petrographic composition to ASTM stability indices

(after Schapiro and others, 1961; Schapiro and Gray, 1964).
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To aid in rapid assessment of the blending
possibilities of Colorado coals, all of the
previously mentioned stability indices are plotted
on Figure 15. Figure 16 is included in order that
an evaluation of the blending possibilities may be
made. Empirically determined variations in coke
properties are functions of changes in the
petrographic content of the coal blends used to
make the coke. Figure 17 illustrates some of the
variations of coke properties superimposed on the
stability index graph.

Although additional petrographic analyses
exist for Colorado coal samples, they cannot be
applied to the determination of petrographic
stability indices. These petrographic data were
obtained for use in solving detailed geological

REACTIVES/INERTS

ﬂ 24]

20+ /

REACTIVE TYPES

Figure 13. Optimum inerts chart used to obtain the
optimum ratio of reactive to inert components for
reactive maceral types (after Schapiro and others,
1961, Schaprio and Gray, 1964).

problems and are not applicable to the prediction
of stability indices. For example, Toenges and his
associates (1949, 1952) opresented detailed
petrographic analyses for <coal <core samples
obtained from the Somerset coal field in Gunnison
County. However, the petrographic method used in
this study was the thin section transmitted light
method, which- cannot be correlated with the
reflected Tight method used to determine stability
indices (Harrison, 1962; Berry and others, 1967).

More recently, Dutcher and his associates have
employed coal petrography in studies of contact
metamorphism and coal property variations (Dutcher
and others, 1966; Crelling and Dutcher, 1968;
Podwipocki and Dutcher, 1971). In his studies of
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Schapiro and others, 1961; Schapirio and Gray,
1964).



Cretaceous coals in the Uinta region of Colorado,
Collins (1970, 1975, 1976, 1977) also utilized coal
petrography to a limited extent. Although the
petrographic data presented in these studies are
instrumental in solving geological problems,
insufficient data are furnished to establish coke
stability indices for the coals studied.

The petrographic stability indices presented
herein are included to form a basis for coal
exploration and evaluation programs. Any
commercial wutilization of the <coals used as
examples should be preceded by independent testing
and evaluation. The Colorado Geological Survey
cannot take responsibility for the improper use of
data included in this report.

Colorado Geological Survey Classification

The classification system used in our research
to evaluate Colorado coking coals is depicted on

content, as proposed by William S. Sanner, Sr., in
conjunction with ASTM coal rank designations.
Listed below are factors that influenced the
decision to use this very general classification
system:

1) Further subdivision of the coal groups
can rapidly lead to discrepancies, as
indicated in the discussion concerning
Jones and Murray's (1978) coal
classification system.

2) Although other classification systems,
such as coal petrographic methods or the
Ruhr dilatometer method, can yield more
reliable results, they cannot be applied to
an evaluation of Colorado's coal resources
because of the limited nature of the data
pertaining to these systems. In contrast,
a broad historical data base exists and can
can be utilized for the proposed

Table 16. The system utilizes ash and sulfur classification system.
Table 16. Coking-coal classification system used to evaluate coal resources in Colorado.
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3) The classification system is specific
enough to fulfill the objectives of this
coal resource evaluation.

Coking-coal grades, as used in this
classification system, are determined using
as-received sulfur and ash contents on a dry basis.
Coal sulfur and ash contents can sometimes be
reduced significantly through various washing or
claaning processes. Therefore, it may be possible
to shift some latent or marginal grade coals into
the premium or marginal grade groups through the

1979). Deurbrouck (1970) conducted washability
studies with Colorado coals and concluded that all
of the coals studied can be readily washed to
desirable ash levels., However, to aveid confusion,
in the present report all coking-coal grades are
determined using analyses of uncleaned or unwashed
coals.

This classification system,
with several additional general constraints, was
used by the authors to evalute coking-coal
resources in Colorado. The additional constraints
include considerations of the general requirements

in conjunction

use of coal washing technigues (Sanner and Benson, of coke oven feedstocks, currently producing
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correspond to the point numbers listed in Table 13.
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coking-coal areas, and areas of former coking coal
production. Utilizingthese additional parameters,
three of the eight coal regions of Colorado were
selected for detailed evaluations. Additional
areas (for example, the Green River region) contain
coals ranging in rank from subbituminous B to
anthracite for which there are historic references
to coking quality coals. However, these areas were
deleted from detailed coking-coal evaluation after
research indicated that the mines that produced the
coking coals were located in areas affected by

STRENOGTH MEEX (R4 -

intrusive dikes and sills. Coal rank generally
increases rapidly as an igneous dike or sill is
approached in a mine because of the effects of heat
from the intrusive igneous body. Such a mine may
produce coal varying in rank from subbituminous to
anthracite. Because coal uniformity is a major
general requirement of coke oven feedstock, coal
from a mine affected by dikes or sills generally
cannot be used in modern coke ovens. Hence the
deletion of the Green River region as a potential
coking-coal resource area.

r el
GREATEST —~ -~

'

| ~—— COKE RESISTANT TO CRUSHING
I B [ | 1 B T e

I |

J—

P | ~f——— COKE RESISTANT TO ABRASION ——————Jm=
R ’ T 7
! i | ‘ /

|

. " R

STABILITY

FACTOR

/ H
e :
7/ /
H / '
= /
o
2 s
E ,;// //
%) ‘ 4;,/”
w ! ; /]
© so o ooy PTIMUM . o 7/
| NN\ LURGICAL 77
] - i ‘ \\ { 30i/ / / /
- \ < o s
/\ AN -2 _ /
30— N /1,0,3,/ 7
| NN ' L 0|
I 1 ~ | \\ ‘ "J P -~ |
- | | ~ R 2 i
| i : | —~— )
" 20 :j‘l‘ ;“‘J\ iL 1 e b i ;1 ﬁ‘“:—/ r‘i WIS TR S ‘\[ e d
LEAST 1009080 70 60 50 40 30 0 100.08 07' 05 05 04 03 02 1
ae Ricr -

~f——— FOUNDRY COKE ————————— =

'y

Figure 16.

o
|
|
|
|

COMBPOSTION -

!

METALLURGICAL |~¢—————————— CHEMICAL COKE ———pmm
COKE SIZE b

COKE FRIABILITY *

P~ Iner Det.cient
|

BAL. o INDEX

-

:

|
P

Optimum petrographic composition for metallurgical, foundry, and chemical coke oven

feedstocks (after Schapiro and others, 1961; Schapiro and Gray, 1964; Moses, 1976).

28



Detailed evaluations were conducted to Dolores County

determine the potential for coking coal resources San Miguel County
in the following coal regions and involved counties Montrose County
(Fig. 18): Delta County

Mesa County
1. Raton Mesa Coal region

Las Animas County 3. Uinta Coal region
Huerfano County Mesa County
Delta County
2. San Juan River Coal region Gunnison County
Archuleta County Garfield County
La Plata County Rio Blanco County
Montezuma County Pitkin County
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Figure 17. Coke property variations as a function of coal petrographic variations (after
Schapiro and others, 1961; Schapiro and Gray, 1964; Berry, 1978).
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GEOLOGICAL CONSIDERATIONS

A1l coal deposits have been influenced by
various geological processes that can directly
govern the feasibility of using a particular coal
as coke oven feedstock. These geological processes
are initiated with the deposition of the original
plant material, continue with the coalification and
diagenesis of that material, and end with
geological considerations for mining the coal.
This section of the report will present a brief,
general discussion concerning the geological
factors that may have influenced Colorado coking
coals.

GEOLOGIC AGE

Coal resources in the western United States
were deposited during the Cretaceous and Tertiary

Periods (95 to 50 million years before the
present). During the Cretaceous Period, coal
swamps developed along the western margin of a
shallow, epicontinental seaway (Fig. 19). In
contrast to those in the Cretaceous, Tertiary coal
swamps generally developed within intermontane
basins. Depositional conditions tended to remain
relatively stable for iong periods of time within
these intermontane basins, resulting in coal beds
of as much as 250 ft in thickness (Obernyer, 1973).
Normal coal bed thicknesses in the
marine-influenced Cretaceous sequence are
approximately 10 ft, although somewhat thicker beds
occur locally. In Colorado, most of the resources
of coking coal were deposited during the Cretaceous
Period. The only exception to this are coals in
the Raton Formation, which were deposited during
Late Cretaceous and Paleocene times. The following
discussion, therefore, deals primarily with coal
resources deposited during the Cretaceous Period.

COAL GENESIS

Weimer (1977) has discussed the principal
factors that influence the formation of commercial
coal deposits in the western United States. The
constraints are listed below:

1, Peat accumulation in predominantly
clear, fresh-water environments. Muddy
water accumulation sites can result in
high ash contents in the coal.

2. The accumulation of land-derived plant
material.

3. A balance must exist between the
depositional interface and the
groundwater table as the plant remains
are deposited. If the organic matter is
exposed to the atmosphere during its

31

Figure 19.

Cretaceous marine beds in North America (after
Weimer, 1977).

deposition, it will become oxidized, and
1ittle or no peat will accumulate. A

A lake or bay will develop if the
groundwater table is too high.
Therefore, water must continually cover
the organic debris but not become deep
enough for open circulation if peat is
to accumulate.

A favorable climate must exist for high
rates of plant growth. Research
indicates that a sub-tropical to
tropical climate existed during
Cretaceous time in Colorado.

The foregoing considerations must be
persistent over long periods of time and
over broad areas for thick commercial
coals to develop.

Map of the depositional basin for
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Weimer concludes that these basic parameters
may be wodified by tectonic influences on
sedimentation rates. This influence is illustrated
by the transgressive and regressive cycles depicted
on Figure 20. When the rate of subsidence in a
depositional basin exceeds the rate of
sedimentation, a marine transgression occurs and
the shoreline is inundated by the sea. If the rate
of sedimentation exceeds the subsidence rate, a
progradation (i.e., a regression) of the shoreline
into the depositional basin occurs.

DEPOSITIONAL ENVIRONMENTS

A large number of depositional models have
been developed for sedimentary systems similar to
those found in the Cretaceous of the western United
States. Using these depositional models in
conjunction with the foregoing basic constraints,
areas of potential commercial-quality coking coal
may be isolated for more detailed evaluation.

Recent research has determined that many coal
deposits are heavily influenced by their original
depositional setting. Cretaceous coals in Colorado
are usually depicted as being associated with five
primary depositional settings. These settings are
transitional with each other and are interacting
systems. Depositional models depicting some or all
of these environmental settings, as listed below,
can be found in Collins (1976, 1977), Caruccio and
others (1977), Weimer (1977), Donaldson (1978),

Horne and others (1973), and Siemers (1978). The
primary depositional settings are as follows:

1. Alluvial Plain

2. Upper Delta Plain

3. Lower Delta Plain

4. Barrier Island

5. Interdeltaic Embayment

Coal may be deposited in several major

environments of deposition in these primary
settings. Weimer (1977) has discussed the

environments of depositionmost commonly associated
with Western Cretaceous and Tertiary coal deposits.
The major in situ depositional environments of
alluvial and delta systems, as listed by Weimer,
include (1) channel margin environments (back levee
and flood basin swamps), (2) channel fill swamps,
and (3) coastal swamps or marshes. He further
states that channel margin peat swamps form the
most important commercial coals in the West.

Basic considerations for the foregoing coal
depositional parameters can aid in the evaluation
of potential coking-coal resources, both on a
regional and local Dbasis. Variations 1in
coking-coal properties that may be attributed to
these depositional considerations include the ash,
sulfur, and trace element content of the coal, as
well as the thickness, geometry, and geographic
distribution of the coal deposits. Depositional
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conditions also influence roof and floor
litholoygies and stabilities in coal mines (Horne
and others, 1973).

SULFUR OCCURRENCE

Research emphasizing an understanding of the
sulfur content of coal has increased recently, both
because of environmental problems associated with
sulfur, and because of the detrimental effects of
sulfur in various coal utilization processes. This
work has established that sulfur occurs in coal in
four forms: (1) elemental sulfur, (2). sulfate
sulfur, (3) organic sulfur, and (4) pyritic sulfur.
The presence of elemental sulfur 1in coal is
controversial and, if it does occur, is rare (Rees,
1966, p. 33). Sulfate sulfur is a secondary
weathering product and is relatively minor in
importance wunless the coal has been heavily
weathered. Organic sulfur is indigenous in the
original plant material from which the coal was
derived; it cannot be easily removed from coal, as
demonstrated by Deurbrouck (1970). Therefore, it
is usually the pyritic sulfur content of a coal
that determines the commercial feasibility of
mining.

Pyritic sulfur occurs in coal as euhedral
grains, as coarse-grained masses that replaced
original plant material, as coarse-grained platy
masses in Jjoints, and as framboidal pyrite
(Caruccio and others, 1977; Horne, Ferm, and
others, 1978; Horne, Howell, and others, 1978).
Research has shown that the coarse grained masses
of pyrite may be removed from the coal commercially
by mechanical washing processes. However, the fine
grained disseminated pyrite (i.e., framboidal
pyrite) cannot be removed from coal commercially at
the present time (Walker and Harnter, 1966).
Furthermore, it is the framboidal pyrite that has
the greatest detrimental effect on the environment
(Caruccio and others, 1977).

Discussions dealing with the possible origins
of framboidal pyrite may be found in Love and
Amstutz (1966), Hemingway (1968), Rickard (1970),
and Caruccio and others (1977). Although more than
one origin of framboids is probable (Richard,
1970), their occurrence in coal 1is wusually
attributed to sulfur reduction by bacterial action
(Cohen and others, 1971). Many workers have shown
that sulfur-reducing bacteria have usually been
associated with marine and/or brackish water
depositional environments during the formation of
ancient coal swamps (Williams and Keith, 1963; Love
and Amstutz, 1966; Guber, 1972; Caruccio and
others, 1977; Horne, Ferm, and others, 1978; Horne,
Howell, and others, 1973). Coal deposits with Tow
framboidal pyrite contents would be expected to
fiave been deposited in alluvial plain and upper
delta plain depositional settings, away from the
influence of marine or brackish waters.



Although the foregoing discussion illustrates
the feasibility of using depositional models to
depermine areas of potential coking-coal deposits,
th1s particular sulfur occurrence model has only
limited application in the Rocky Mountain region.
The sulfur distribution data presented in Walker
and Hartner (1966) reveal that the Tlargest
percentage of total sulfur in Colorado coals occurs
as organic sulfur. The relative deficiency of
pyritic sulfur in Cretaceous coals in Colorado may
be attributed to a restricted influence by marine
and brackish waters during peat depositon. For
example, Tow tidal ranges may have restricted
brackish water swamps to limited coastal areas.
However, other factors may explain the deficiency,
and 1ittle data are available on the distribution
of framboidal pyrite in Colorado coals. Additional
research will be necessary to determine the reason
for anomalously low pyritic sulfur contents in
Western coals.

COALIFICATION

After the deposition of the original plant

material in a swamp, the coalification process
becomes a major factor in the evaluation of
coking-coal resources. Coalification 1is the

development from peat through the various stages of
lignite, subbituminous, and bituminous rank coals,
to anthracite and meta-anthracite (Stach and
others, 1975). Traditionally, the coalification
process has been attributed to the effects of time,
heat, and pressure on the original plant material.
Research has demonstrated that pressure has a
physical effect upon the plant material. It is the
effects of heat and time that cause the chemical
changes that result in the progressive rank changes
of thematerial (Teichmuller and Teichmuller, 1966,
1968; Stach and others, 1975).

Geothermal energy normally is considered to be
the source of heat that causes progressive changes
in coal rank. Because the geothermal gradient
typically increases with depth, coal rank also
generally increases with depth of burial. The
relationship between coal rank and burial depth is
shown on Plate 2, Map 2 of this report. The map
depicts an increase in coal rank to medium-volatile
bituminous as the deeper parts of the San Juan
basin are approached. Val L. Freeman, of the U.S.
Geological Survey (Freeman, 1979), also has found
this general relationship in the Uinta region,
Colorado, where coals of semianthracite rank are
found in the deeper parts of the basin.

There are, however, important exceptions to
this general relationship between coal burial
depth, coal rank, and the geothermal gradient.
Heat from igneous activity or abnormalities in the
"normal" geothermal gradient may also cause local
increases in coal rank. These local rank increases
may either be detrimental or beneficial to the
utilization of the affected coal as coke oven
feedstock.
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In certain areas in Colorado, igneous dikes
and sills have detrimentally affected the quality
of the coal. Major sills and dikes found in the
coking-coal regions in Colorado are depicted on
each map on Plates 1, 2, and 3. The dikes and
sills shown on the maps either have completely
destroyed the coal bed they intrude, or they have
altered the properties of the coal bed within close
proximity to the igneous body. Dutcher and others
(1966), Crelling and Dutcher (1968), and Podwysocki
and Dutcher (1971) have given detailed evaluations
of the effects of dikes and sills on coal deposits
in Colorado. Their investigations indicate that
the properties of intruded coal deposits are
increasingly affected as the igneous body is
approached. Because coal uniformity is of major
importance to coke producers, coal found in close
proximity to igneous dikes and sills generally
cannot be used as coke oven feedstock. Figures 21
and 22 illustrate the typical effects of igneous
dikes on coal beds in Colorado.

Figure 21.
railroad cut through the Raton
Trinidad, Colorado.
appears as jointed prisms at the tip of the rock
hammer.

Intrusive igneous dike located in a
Formation near
A thin Tayer of natural coke



However, beneficial effects may be gained as a
result of the intrusion of large igneous bodies
into coal-bearing regions. In those regions in
which large igneous bodies have intruded
coal-bearing strata, extensive areas may have been

heated, and higher average coal rank may have
resulted. The metallurgical quality
medium-volatile bituminous coal mined in Pitkin

County represents a local area in which a large
intrusive igneous body is thought to have
beneficially wupgraded the rank of the coal
(Caill IS e LS 5 TG A

Igneous bodies associated with the coking-coal
regions of Colorado are depicted on each map on
Plates 1, 2, and 3. Close inspection of these maps
shows that the Crested Butte coal field in the
Uinta region (Plate 3) has been particularly
influenced by igneous intrusions. In this field,
coal rank varies considerably because of igneous
intrusions; therefore, an evaluation of the coal in
this area is difficult (Plate 3, Map 2).
Additional discussions concerning the effects of
large igneous bodies on Colorado coal deposits may
be found in Dapples (1939), Johnson (1952, 1976),
and Johnson and others (1963).

Abnormally high heat flow can also locally and
beneficially raise coal rank. Abnormalities in the

geothermal gradient are usually associated with
some type of igneous activity. For example, a
deeply buried Tlarge igneous intrusion may

contribute additional heat energy to the regional
heatflow gradient, causing a local geothermal
anomaly. If this abnorimal heat flow continues for
a significant period of time, coal rank may be

locally increased. The Coal Basin area in Pitkin
County is a good example of a local abnormally high
heat-flow causing increased coal rank.

Geothermal gradient anomalies are depicted on

Map A, Plates 1, 2, and 3. Although these
heat-flow isotherms are very general, they do
illustrate the importance of geothermal

considerationsinevaluatingcoking-coal resources.
Areas of increased coal rank may correspond to high
heat-flow anomolies. For example, locally high
coal rank tends to correspond to the high heat-flow
area in the Raton Mesa region (Plate 1, Maps A and
B). This model must, however, be used with some
caution for several reasons. Although heat is an
important consideration in the coalification
process, time is another important factor that
cannot easily be dealt with in this model. Also,
other high heat flow areas, now dormant, may have
existed in the coking-coal regions. However,
detailed geothermal research, conducted in
conjunction with detailed gravity and magnetic
surveys, can be an important aid in the local
evaluation of coal resources.

ADDITIONAL GEOLOGICAL CONSIDERATIONS

Additional general geological considerations
are applicable to an evaluation of coking-coal
resources. For example, Johnson (1952, 1953) has
discussed the impact of circulating groundwater on
Western coking coal. Structural problems caused
by faulting, jointing, or folding may also be
important geological considerations in coal
resource evaluations.

Figure 22.
Formation near Trinidad, Colorado.
of natural coke above the rock hammer.

Intrusive igneous dike
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in the Raton
Note the layer



REGIONAL EVALUATIONS

As previously stated, three coal regions in
Colorado contain coking-coal deposits of potential
economic value (Fig. 18). These three regions, the

Raton Mesa, San Juan River, and Uinta, were
selected for detailed evaluation and reserve
estimates. The basis for the selection was

consideration of past and present coking coal
production, and general geological and
technological considerations of coke oven
feedstocks. Our investigations indicate total
identified original in-place coking-coal reserves
in the three regions of approximately 4.3 billion
short tons.

The coking-coal reserve estimates contained in
this publication were derived through the use of
several sources of data. Original tonnage figures
were first taken from various U.S. Geological
Survey publications, as noted in the descriptions
of each region that follow. Reserve estimates were
then obtained by modifying these tonnage figures in
accordance with the currently accepted coal
resource classification system of the U.S. Bureau

of Mines and U.S. Geological Survey (U.S.
Geological Survey, 1976). Under this
classification system, bituminous coal reserves

include those beds 28 in. or more in thickness that
occur within 1000 ft of the surface. The estimates
includemeasured, indicated, and inferred reserves.
Using the <coking-coal <classification systems
illustrated on Table 16, and the maps depicted on
Plates 1, 2, and 3, these reserve estimates were
then classified according to coal rank and
coking-coal grade. In areas deficient in sample
control, the reserve estimates were not given a
coking-coal classification.

THE RATON MESA COAL REGION

The Raton Mesa coal region of Colorado
encompasses an area of 1100 sq mi as defined by the
Tower contact of the coal-bearing Vermejo Formation
within Las Animas and Huerfano Counties (Fig. 18;
Plate 1). This region consists of an asymmetric,
north-south trending syncline bounded by the Sangre
de Cristo mountains on the west, the Apishipa arch
on the north, and tne Las Animas arch on the east
(Fig. 23). Cretaceous-age sedimentary rocks have
been intruded by Tertiary igneous bodies in the
center of the basin, and by associated dikes and
sills throughout the entire basin (Plate 1).

Coal-bearing formations, coal zones, and
coal-bed stratigraphy in the Raton Mesa region are
summarized on Figures 24 and 25 (after Boreck and
Murray, 1979). Coal occurs in the Vermejo
Formation of Upper Cretacous age and in the Raton
Formation of Upper Cretaceous and Paleocene ages.
In the Raton Mesa region, correlation of single
coal beds over long distances is difficult because
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of their discontinuous nature. This difficulty in
correlation has led to many discrepancies and much
confusion in older descriptions of the region's
coal resources. Correlations of coal "“zones",
therefore, is more applicable in this region than a
correlation of individual beds. This principle is
generally true for coal bed correlations in most of
the coal regions in Colorado. Figure 24
illustrates two typical coal "zones" in the Vermejo
Formation.

Previous geological work and coal resource
evaluations for the Colorado portion of the Raton
Mesa region have been summarized by Johnson (1961).
Brief sumnations of the geology and coal resources
of the region may also be found in Landis (1959),
Johnson and others (1966), Hornbaker and others
(1975), Amuedo and Bryson (1977), and Murray
(1979). Averitt (1966) has briefly described the
importance of the region's coking-coal resources.

Traditionally, the Raton Mesa region has been
divided by many workers into two coal fields based
upon general coal quality variations (Landis, 1959;

COLORADO _

NEW/MEXICO

GREAT
PLAINS

| NMEX }
‘NDEX MAP
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Area of outcrop of uppermost
Cretaceous and lower and middie
Tertiory formations

o 10 20 30 40 50 Mies

Scate

Awrol trace of Raten basin

Figure 23. Structural map of the Raton Basin of
New Mexico and Colorado (after Johnson and others,
1966).



Hornbaker and others, 1975; Amuedo and Bryson,
1977; Murray, 1979). The coal resources of the
Trinidad coal field are usually of coking-quality,
in contrast to the generally non-coking coal
resources in the Walsenburg coal field to the
north. The Huerfano-Las Animas County line
generally serves as a convenient boundary between
the two fields. However, research has indicated
that coal production from some of the mines in the
southern part of the Walsenburg field was used in
the manufacture of coke (Boreck and Murray, 1979).
A close examination of the coal quality parameters
presented in Appendix Table 1 and Plate 1
demonstrates that a general and continuous increase
in coal rank can be traced from the Walsenburg
field southward to the Trinidad field. Caution
should be exercised in using the county Tine as a
convenient boundary between coking and non-coking
resources.
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Figure 24. The stratigraphy of the coal-bearing

Vermejo Formation in the Raton Mesa coal region,
Colorado (from Boreck and Murray, 1979).
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Generally excellent coal quality and ready
access to most of the area has made the Trinidad
coal field one of the most important coking-coal
areas in the West. Coal produced from both the
Vermejo and Raton Formations serves as an excellent
high-volatile bituminous blending coal for the
production of coke. CF&I Steel Corporation has
used coal from this field as the major source of
blending coal for their coke ovens in Pueblo,
Colorado. In the New Mexico portion of the Raton
Mesa region, Kaiser Steel Corporation produces
high-volatilebituminous blendingcoal for shipment
to their mill in Fontana, California for the
manufacture of coke.

A close examination of representative coal
analysis (Plate 1, Maps B & C) indicates that the
coal resources 1in the Raton Mesa region are
predominantly marginal grade high-volatile A and B
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bituminous coking coals. Although the sulfur
content of the coal is within the bounds imposed by
a premium grade designation, the ash content
consistently conforms to the limits imposed by a
marginal grade designation (see Table 16).
However, as previously stated, coal preparation
processes (washing) can significantly Tower the ash
content and upgrade the coal to a premium grade
coking coal.

Changes in the "desirability" of the coal
resources for use as coke-oven feedstock can be
attributed to variations in coal rank. Those
resources occurring south of Township 28 South are
high-volatile A bituminous in rank, with minor
exceptions. Coals found north of Township 29 South
are predominantly high-volatile B bituminous, with
isolated areas of high-volatile C bituminous. Coal
analysis data for deposits contained within the
steeply dipping strata along the western margin of
the basin are Timited. However, this meager data
base does indicate that high-volatile B and C
bituminous coals occur in the northern portions of
this area. No data could be found for coal
deposits located in the deeply buried and unmined
portions of the region.

Coal reserve estimates for the Colorado
portion of the Raton Mesa region have been
summarized by Johnson (1961). However, the method
used to determine reserve estimates has been
changed since 1961 (see U.S. Geological Survey,
1976). Using modifications imposed by this change,
Johnson's reserve estimates, and the coking-coal
classification presented on Table 16, reserve
estimates were determined for the coking-coal
resources in the region. The measured, indicated,
and inferred coking-coal reserves for the Raton
Mesa region are listed on Table 17.

Coal production during 1977 and 1978 from the
Colorado portion of the Raton Mesa region is listed
on Table 18. In those cases in which coal analysis

data are available (Appendix Table 1), the
coking-coal classification is also noted.
Preliminary data indicate that CF&I Steel

Corporation produced 582,003 short tons, or 38.7
percent of the total, during 1978. No data are
available concerning the market for the rest of the
region's production.

THE SAN JUAN RIVER COAL REGION

The San Juan River coal region, as defined in
this report, encompasses that area in southwestern
and west-central Colorado wunderlain by the
coal-bearing Dakota Formation (Fig. 18; Plate 2).

Large areas in the region, in west-central
Colorado, are typified by relatively simple
structure and by near-horizontal bedding in the

Dakota Formation. However, the southern part of
the region is dominated structurally by the San
Juan basin, a large synclinal depression that
extends well into New'Mexico (Fassett, 1977). The
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coal-bearing formations located along the northern
margin of the basin in Colorado dip as much as 40
degrees to the south, into the depression.

In the San Juan River region, coal deposits
occur in three formations of Upper Cretaceous age.
As previously defined, the entire region is
underlain by the coal-bearing Dakota Formation.
Significant areas in the southern portion of the
region also are underlain by coal deposits in the
Menefee Formation of the Mesaverde Group, and in
the Fruitland Formation. The stratigraphy of the
coal-bearing formations, coal beds, and coal zones
is summarized on Figures 27, 28, 29, and 30 (after
Boreck and Murray, 1979). General stratigraphic
relationships for Cretaceous and Tertiary rocks in
the San Juan basin, Colorado and New Mexico, are
illustrated on Figure 31.

General discussions of the geology and coal
resources in the Colorado portion of the San Juan
River region are contained in Cullins and Bowers
(1965), Shomaker and others (1971), Shomaker and
Holt (1973), Amuedo and Ivey (1975), Hornbaker and
others (1976), Johnson and others (1976), and
Murray (1979). Coal reserve estimates for the
region have been published in Wood and others
(1948), Zapp (1949), Barnes (1953), Barnes and
others (1954), Landis (1959), Wanek (1959), and
Landis and Cones (1972). Shomaker and others
(1971) and Speltz (1976) have specifically
addressed the strippable coal resources of the
region.

Figure 26.
“zones" mined in the Jewell Strip mine, sec. 21,
T30S, R65W, Las Animas County, Colorado. Three coal
"zones" in the Vermejo Formation have been mined
at this location.

Photograph of the two Tlower coal



In the northern portions of the region,
geological information concerning the Dakota
Formation is notably meager. The Nucla-Naturita
field is the only coal field in the region that
contains coal deposits exclusively in the Dakota
Formation. However, large areas of southwestern
Colorado are underlain by minable coal deposits in
the Dakota Formation (Landis, 1959, 1972; Speltz,
1976, Hornbaker and others, 1975; Murray, 1979).
Boyer and Lee (1925) conducted detailed studies of
the Dakota Formation in southwestern Colorado and
eastern Utah. Additional work pertaining to the
Nucla-Naturita field area has been published by
Williams (1954), Speltz (1976), and Haines (1978).
Studies of the stratigraphy and depositional
environments of the Dakota Formation have been more
extensive in the New Mexico portions of the San
Juan basin (Beaumont and others, 1976; Molenaar,

SAN JUAN RIVER REGION - NUCLA - NATURITA FIELD

1977; Fassett, 1977; Owen and Siemers, 1977; and
Peterson and Kirk, 1977).

Coal deposits in the Dakota Formation are
generally thin, 1lenticular, and high in ash
content. Map D, Plate 2, illustrates the high ash
content of the formation in the northern part of
the region. Although analytical data for the coal
deposits in this area are limited, the data base
shown on this map indicates that the coal resources
are predominantly marginal grade high-volatile B
and C bituminous coking coals, at best. Although
selective mining practices and coal washing could
lower the sulfur and ash contents, Dakota Formation
coal resources are probably better suited for
electrical generation than for the production of
coke. In local areas in the southern portion of
the region, Dakota Formation coals attain the rank
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region, Colorado (from Boreck and Murray, 1979).



of high-volatile A bituminous. However, the ash
and sulfur content of these coals still indicate
that they are not suited for the production of coke
(Maps B and C, Plate 2).

In Colorado, coal deposits in the Menefee
Formation range from premium grade high-volatile C
bituminous to marginal grade high-volatile A
bituminous coking coal (Maps B and C, Plate 2).
The rank of Menefee coals generally increases to
the northeast. Along the western margins of the
basin, the coal is premium grade high-volatile C
bituminous coking coal. In Ranges 12 and 13 West,
the coal becomes high-volatile B bituminous in
rank, but the grade decreases to marginal in local
areas. East of Range 12 West, the coal is
high-volatile A bituminous 1in rank, but the
coking-coal grade may decrease to latent in local
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areas because of variations in both ash and sulfur
contents.

Traditionally, coal deposits in the Frujt]and
Formation have been considered non-coking in the
San Juan River region. However, recent research
indicates that coal from this formation can serve
as coke-oven feedstock. In Colorado, the coal
resources in this formation are predominantly
marginal to latent grade high-volatile A bituminous
coking coal. It is usually the ash content that
precludes a premium grade designation for the coal
deposits in the Fruitland Formation (Maps B and C,
Plate 2).

Coal reserve estimates and coking-coal grades

are tabulated on Table 19 for the San Juan River
region. These estimates are based upon
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Figure 30. The stratigraphy of the Fruitland
Formation in the Durango field, San Juan River
region, Colorado (from Boreck and Murray, 1979).



Table 17. Coking-coal reserve estimates for the Raton Mesa region.

Coking-Coal Classification

Marginal grade high-volatile A bituminous
Marginal grade high-volatile B bituminous
Non-coking (high-volatile C bituminous)

Total

Total mined through 19772

Total depletion through 19772

Short tons x 1,000

1,834,677
216,876
44,038

2,095,591
250,124

500,211

1) Does not equal 100% due to independent rounding.

2) From Boreck and Murray (1979).

% of total

Table 18. Licensed coal mines, coking-coal classification, and 1977 and 1978 coal production

in the Raton Mesa region.

(in short tons)1

Production

Mine County 1977 1978
Allen Las Animas 582,257 495,120
Cissey Lee Strip Las Animas - 3,592
Delagua Strip Las Animas 6,700 29,900
Healy Strip Las Animas 95,952 18,258
Jewell Strip Las Animas 25,591 6,050
Maxwell Las Animas 31,815 86,883
Viking Huerfano - 16,342

Total 742,315 656,145

1) 1977 production data from Colorado Division of Mines, 1978b;

1978 production data are preliminary (Colorado Division of Mines, 1978a).

2) MhvAb = Marginal grade high-volatile A bituminous

Coking—Coal2

Classification

MhvAb
?

MhvAb

MhvAb

MhvAb

MhvAb
?

Table 19, Identified original in-place coking-coal reserves in the Durango, Nucla-Naturita,
and Pagosa Springs fields, the San Juan River region.

Coking-Coal Classification

Premium to marginal grade high-volatile A bituminous

Premium to marginal grade high-volatiie A to B bituminous

Premium to marginal grade high-volatile B bituminous
Marginal grade high-volatile A bituminous

Marginal to latent grade high-volatile A bituminous
Marginal to latent grade high-volatile B bituminous
Latent grade high-volatile A bituminous

Unclassified high-volatile  bituminous

Total

Short tons x 1,000,000

87

585.
14,
155.

365

7.

171

392.

1,779.

.23
99
50
37
.26
73
71
08

87

1) Does not equal 100% due to independent rounding.

% of total

4.90
32.92
0.81
8.73
20.52
0.43
9.65
22.03

99.99

a1




considerations of the coal parameters depicted on
Plate 2, as well as on coal reserve estimates by
Wood and others (1948), Zapp (1949), Barnes {1953),
Barnes and others (1959), Landis (1959), Wanek
(1959), and Landis and Cone (1972).

Coal production from the San Juan River region
totalled 345,087 short tons during 1977 and 1978,
as illustrated on Table 20. The largest
coal-producing mine in the region during that
two-year period, the Nucla Strip, produced 196,796
short tons of coal. This production, representing
57 percent of the total, was utilized for electric
power generation.

Although the coal resources of the San Juan
River region can be utilized for the production of
coke, current large-scale development of this
resource is severely hampered by transportation
considerations (Dawson and Murray, 1978). At the
present time, no railroad serves southwestern
Colorado. As a consequence, coal production for
major markets outside of the region must be trucked
approximately 150 miles to the nearest railhead for

shipment. Such shipping practice adds at least
$7.00 per ton to the price of the coal. This
economic deterrent will <continue to hamper

large-scale coal development in the region until
the area is connected by rail.

THE UINTA COAL REGION

The Colorado portion of the Uinta coal region
is the eastern extension of an important
coal-bearing region that encompasses large areas of

S.W. N.E.

SAN JOSE FM.

ANIMAS
/OJO ALAMO SS. FMm.

FRUITLAND FM. AND KIRTLAND SH.

NACIMIENTO FM.

PICTURED CLIFFS 5S.

LEWIS SH
LA VENTANA TONGUE [CLIFF HOUSE\SS.
MENEFEE FM. - — = X
POINT LOOKOUT §s.
MANCOS SH.

JUANA LOPEZ LS

GREENHORN L5—)
a

EDAKOTA 5. GRANEROS SH.
Figure 31. Diagrammatic stratigraphic cross

section of the Cretaceous and Tertiary rocks of the
San Juan basin, northwest New Mexico (from Fassett,
1977).
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eastern Utah and western Colorado. In this study,
the boundary of the region in Colorado is marked by
the contact of the coal-bearing Mesaverde Group
with the underlying Mancos Shale, and by the
Colorado-Utah State line to the west (Plate 3; Fig.
18). The Piceance Creek basin is the most
prominent structural feature in the region, and
consists of the southeast lobe of the Laramide-age
Uinta structural basin of eastern Utah. The Douglas
Creek arch separates the two basins and forms the
western boundary of the Piceance Creek basin. The
remainder of the basin's periphery is formed by
several other uplifts, including the Axial Basin
upltift to the north, Book Cliffs and Grand Mesa on
the south and southwest, the Elk and West Elk
Mountains and the Gunnison uplift on the southeast,
and the Grand Hogback monocline on the east. In
local areas around the periphery of the basin,
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Figure 32. Coal-bearing formation, coal zone, and
coal bed stratigraphy of the Book Cliffs field,
Colorado (from Boreck and Murray, 1979).



folding, faulting, and Tertiary igneous intrusions
have modified the coal-bearing strata, resulting
in complex structural areas (Hornbaker and others,
1976; Murray and others, 1977; and Murray, 1979).

Correlation of the Cretaceous coal-bearing
formations (or members) in the region is still
subject to discrepancies and controversy. Previous
geological investigations and the stratigraphy of
the region have been discussed by Fisher and others
(1960) and by Collins (1976). Boreck and Murray
(1979) have summarized the stratigraphy of the
coal-bearing formations, coal "zones," and coal
beds in the Book Cliffs field (Fig. 32), Somerset
field (Fig. 33), Grand Hogback and Carbondale
fields (Fig. 34), and Danforth Hills field (Fig.
35). In the Uinta region, coal deposits occur in
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Figure 33. Coal-bearing formation, coal zone, and
coal bed stratigraphy of the Somerset field,
Colorado (from Boreck and Murray, 1979).
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the Iles and Williams Fork Formations of the
Mesaverde Group, or in their 1lithogenetic
equivalents.

The Uinta coal region is divided into eight
coal fields (see Landis, 1959). General
discussions of these eight coal fields, and of the
coal resources they contain, may be found in Landis

(1959), Collins (1976), Hornbaker and others
(1977), Murray and others (1977), and Murray
(1979). Important coking-coal resources are
located in four of the eight coal fields in the
region. The Somerset (Delta and Gunnison
Counties), Crested Butte (Gunnison County),

Carbondale (Pitkin and Garfield Counties), and
Grand Hogback {Garfield County) coal fields contain
significant coking-coal resources.
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Figure 34. Coal-bearing formation, coal zone, and
coal bed stratigraphy of the Grand Hogback and

Carbondale fields, Colorado (from Boreck and
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In the Grand Hogback field, coal rank varies
in a progressive manner, from high-volatile C
bituminous to high-volatile Abituminous. North of
Township 5 South, the coal 1is predominantly
non-coking high-volatile C bituminous. Its rank
increases southward until marginal to premium grade
high-volatile A and B bituminous coking coals are
attained 1in Township 5 South. Continuing
southward, the <coals again become non-coking
high-volatile C bituminous in rank near Rifle Gap
(PTate 3, Maps C and B).

The most "“desirable" coking coal produced
today in the West comes from the Coal Basin area in
Pitkin County, Colorado, in the southern portion of
the Carbondale field. The coal rank in this area
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Figure 35. Coal zone and coal bed stratigraphy of
the Williams Fork Formation, Danforth Hills field,
Colorado (from Boreck and Murray, 1979).
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locally has been upgraded by one or more buried
Tertiary intrusions. The coal here varies from
high-volatile A bituminous to medium-volatile
bituminous. Five mines, owned by Mid-Continent
Coal and Coke Company, produced 908,000 tons of
coal for use as coke-oven feedstock from the Coal
Basin area during 1978 (Table 21). This coking
coal varies from premium grade high-volatile A
bituminous to premium grade medium-volatile
bituminous (Plate 3, Maps B and C)}. North of the
Coal Basin area, the coal is predominantly premium
to marginal grade high-volatile A and B bituminous
coking coal. The limited coal analyses available
indicate that the coal resources between the Coal
Basin area and Crested Butte field are premium
grade high-volatile A bituminous coking coals.
Beehive coke oven ruins located north of the Coal
Basin area are depicted on Figure 37.
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Table 20. Licensed coal mines, coking-coal classification, and 1977 and 1978 coal production
in the San Juan River region.

Production (in short tons)1 Coking—Coa]2
Mine County 1977 1978 Classification
Martinez Strip Archuleta 4,070 38,676 MhvAb
Blue Flame La Plata - - PhvBb
Coal Gulch La Plata 1,250 13,851 PhvAb
Hay Gulch La Plata - - ?
King La Plata 22,570 66,046 PhvAb
Peacock La Plata 1,828 - ?
Nucla Strip Montrose 94,402 102,394 MhvBb
Total 124,120 220,967

1) 1977 production data from Colorado Division of Mines, 1978b;
1978 production data are preliminary (Colorado Division of Mines, 1978a).

2) MhvAb = Marginal grade high-volatile A bituminous
PhvBb = Premium grade high-volatile B bituminous
PhvAb = Premium grade high-volatile A bituminous

Table 21. Licensed coal mines, coking-coal classification, and 1977 and 1978 coal production
in the Uinta region.

Production (in short tons)1 Coking—Coal2

Mine County 1977 1978 Classification
Eastside Garfield 257 253 PhvBb
Nu-Gap No. 3 Garfield 397 281 ?
Sunlight Garfield 1,792 487 MhvBb
Bear Creek Pitkin 58,352 44,171 Pmvb
Coal Basin Pitkin 123,182 132,396 Mmvb
Dutch Creek No. 1 Pitkin 232,481 161,208 Mmv b
Dutch Creek No. 2 Pitkin 208,142 225,464 Pmvb
L. S. Wood Pitkin 298,405 318,212 Pmvb
Thompson Creek No. 1 Pitkin 7,455 15,733 MhvAb
Thompson Creek No. 3 Pitkin 8,413 - PhvAb
Blue Ribbeon Delta 16,640 15,294 PhyBb
King Delta 2,996 - PhvAb
Bear Gunnison 226,221 226,705 PhvBb
Hawk's Nest East Gunnison 190,350 330,997 PhvBb
Hawk's Nest West Gunnison 12,362 - PhvBb
Somerset Gunnison 914,552 650,210 PhvAb

Total 2,301,997 2,094,618

1) 1977 production data from Colorado Division of Mines, 1978b;
1978 production data are preliminary (Colorado Division of Mines, 1978a).

2} Pmvb = Premium grade medium-voiatile bituminous
Mmvb = Marginal grade medium-volatile bituminous
PhvAb = Premium grade high-volatile A bituminous
MhvAb = Marginal grade high-volatile A bituminous
PhvBb = Premium grade high-volatile B bituminous
MhvBb = Marginal grade high-volatile B bituminous
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The Crested Butte field, located at the
southeastern tip of the Uinta region, in Gunnison
County, has been heavily influenced by Tertiary
intrusions, folding, and faulting. Consequently,
coal rank in the field varies from high-volatile C
bituminous to anthracite over small areas.
However, the field does contain important
coking-coal resources, although the only current
coal production there is sold as steam coal. The

Figure 37. David Jones examining beehive coke oven
ruins located in the Carbondale coal field, Sec.
15, 78S, R89W, Garfield County, Colorado.

coking-coal resources occurring in 1ocq1 areas of
this field are premium grade high-volatile A and B
bituminous (Plate 3, Maps B and C).

Important premium to marginal high-vo]aplle A
and B coking-coal resources are located 1n.the
Somerset coal field, Delta and Gunnison Counties.
The largest producing underground coal mine in
Colorado is the United States Steel Corporation
Somerset mine, which produces coke-oven feedstock
for their ovens near Provo, Utah. The Somerset
mine produced 650,201 short tons of premium grade
high-volatile A bituminous coal in 1978 (Table 21).

The identified original coking-coal reserves
in the Uinta region are listed on Table 22. These
estimates are derived from data displayed on Maps B
and C, Plate 1, and from original identified coal
reserve estimates made by Landis and Cone (1972).
The total identified reserves, 446,720,000 short
tons, do not reflect estimates for coal occurring
at depths greater than 1,000 ft. Many of the mines
in the Uinta region are drift mines that quickly
attain overburden cover of between 1,000 and 3,000
ft. Therefore, this reserve estimate reflects only
a small part of the amount of coking-coal available
for mining in the region.

The production of coking-grade bituminous coal
during 1977 and 1978 and the producing mines are
tabulated on Table 21. During those two years,
4,396,615 short tons of coal that could be used as
coke-oven feedstock was produced from the region.

Table 22. Identified original in-place coking-coal reserves in the Grand Hogback, Carbondale,
Crested Butte, and Somerset coal fields, the Uinta region.

Coking-Coal Classification Short Tons x 106 % of Total

Premium grade high-volatile A to medium-volatile bituminous 20523 4.75
Premium grade high-volatile A bituminous 128.05 28.66
Premium grade high-volatile B bituminous 78.86 17465
Premium grade high-volatile A to B bituminous ;20137 28.96
Premium to marginal grade high-volatile B bituminous 54 .04 1210
Marginal grade high-volatile B bituminous 357 787

Total 446.72 991,99
*Note: Total does not equal 100% due to independent rounding




CONCLUSIONS

The future production of coal for use in the
manufacture of coke in the United States is
affected by numerous complex and interrelated
factors. For example, the demand for coke has
declined in recent years due to the increased usage
of higher iron content agglomerates, modifications
of blast furnace practices, and the increased use
of supplemental injection fuels. Development and
utilization of formcoke technology could also have
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a large impact on the future of the coke industry
in the United States (Mutsher, 1975). However,
major supplies of coke for the manufacture of steel
will be obtained from conventional coking processes
through at least the year 1985 (Sheridan, 1976).
With approximately 4.3 billion short tons of coking
quality coal reserves, Colorado will remain the
major source of coking coal in the West so long as
coke is manufactured by conventional processes.
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APPENDIX

EXPLANATION OF APPENDIX TABLES

The following tables categorize representative
coal analysis data for samples collected from coal
mines and drill cores in the Raton Mesa, San Juan
River, and Uinta coal regions of Colorado. Using
these tables, the coal resource evaluation maps
depicted on Plates 1, 2, and 3 were constructed.
Any attempt to categorize coal analysis data
quickly leads to inherent problems which should
limit the use of the data in a coal resource
evaluation program. For example, in the following
tables, 38 references, dating from 1912 to the
present, were used as sources of coal analysis
data. During that period of time, sample
collection, sample preservation, sample shipping,
and laboratory analytical methods all have changed.
The most significant result of these changes is
that only very general comparisons can be made
between analytical results reported from different
references.

Another problem in categorizing coal analysis
data is imposed by the authors' bias in the
selection of representative samples from the
literature. In many cases, several samples were
collected from different locations in one mine.
Since there is only limited space for presentation
of the data in the tables, the authors selected and
averaged those samples that appeared to be most
representative of the total coal bed in the mine
(for example, the least weathered samples, or a
channel sample instead of a grab sample). Also, if
more than one mine is located in a section, the map
scaledictated averaging the analytical results for
those mines so that they could be presented on the
coal evaluation maps. This averaging is indicated
in the appendix tables, when more than one mine is
listed under one map number. Because of this
averaging and the bias imposed by the authors'
selection process, the coal analysis data should
not be considered as "absolute" values, but rather
as "representative" values for general evaluation

work only. Detailed coal evaluation work on a
local basis in these coal regions should be
preceded by an examination of the literature

sources listed in the tables to aquire "absolute"
analytical data.
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The authors have attempted to present the
analytical data as completely as possible in the
limited space available. The following list of
guidelines is included to fully explain the tables:

1) The map numbers correspond to the numbers on
each Map A on Plates 1, 2, and 3, and to Map D on
Plate 2.

2) The most recent mine name is the only mine name
listed in the tables. Additional mine names may be
located by referriny to the published sources
listed, or to Boreck and Murray (1979).

3) The formations, beds, and depths Tlisted are
those reported in the literature sources denoted in
the tables. The authors have not attempted to
correlate any of the strata listed on the tables.
Therefore, the names for the strata listed are
those reported in the most recent sources.

4) In those cases in which more than one set of
data was completed for one mine over a period of
years, the most recent set is Tisted in the tables.

5) As-received values may be computed for each set
of data by the addition of moisture back into the
dry-basis values listed.

6) Moist-mineral-matter-free (MMMF) Btu listed are
those reported in the sources. When the MMMF Btu
were not reported in the literature, the value
listed in the tables was computed according to ASTM
(1975) standards.

7) A1l dry-mineral-matter-free (DMMF) fixed carbon
values are computed according to the Parr formula,
as established by ASTM standards (1975, p. 214).

8) When available, free-swelling indices (FSI) are
listed in the table. If carbonizing information,
such as Gieseler fluidity or dilatometer tests, are
available in one or more of the sources listed, a C
appears in the FSI column.

9) The letters in the source column correspond to
the appendix references listed at the end of the
table. A letter in parentheses indicates that
additional data can be found in that source which
has not been listed in the tables.



uas|eM ‘uosurqoy °7 M99-S62-¥2 €1

(M0)'nee YAH  T'8s  0e€“vl  08E‘2l 'O 0°¢ 6°21 6°6¢  2°LE __NHHMN> ymwmwm%%m 02
Mb0°a 8AH 9°9S  08L°2T  OvS 1T S0 8°L L6 G 8¥ 8 1f mmw____“n> zg-mmmmmo 61
¢ ¢ . . . . . enan
b 8AH 279§ 004°€T 08Y 1T 50 8"y 9°ST  §°9%y  6°LE _HMWM__M% E?&TMN.MN,_ 81
{44)*ncer 8AH  9°/S  OTp'€l  026°1T 90 1°g 8°01  ['0S  §°8E wos e :meumw\, »nwwwww%%mz a
(M°0)npe JAH €79 ov6‘2T  01P°T1  8°0 §°L 8'11  £°8%  9°6¢ NMM____“”> sz.wm.#mmwmz 91
(%) “ee JAH 6°L§  068°2T  OpLfOT  1°1 v°S 0°9T  §°/¥  §'9¢ ofauaap dha1g yleg ewoq  gp
VAR §°/S 08T°¢T  0¥8°21  L°0 9°¢ 6°8 8°1§ £°6¢ kabny -1 abedany
neee VAW €°65  082°¥T  005°2T 870 2'e 8°11 I8y 1°0¥ EMMNF..”\, 9 "oy Aqbny
n‘ee YAH 279§ 021°%1  0/8°2T 170 Lg t°8 6°05  L°0f éﬁuowwm 2 "ON Japean
ee VAH  §°9S  06T°¢1  018°2T 8°0 8°¢ 1'6 8°05 1°0% E?“ommg 3%%%?
peea VAW 6°T9  OET°¢T  OLT'E€T  §°0 Le v'9 51§ 1°9¢ :owwm Zmo-mmmﬁww.mwmww._ 1
neee dAH 676§ OpLSE€T 0L0°2T L0 g AR SRR T I 8T (43199%) mmwﬁu> zs-mmwwrz £1
(b “vy)“wa‘nee 9 @AM /S 002°€T 069°TT S0 079 11 105 ['se ety watsieer O
() nee 8AH  9°G5  0T2°¢l  0SS°I1  8°0 19 €21 6Lt 6°6¢ mmw%% zm@-wmmmmma 1
ba gAH 1°8G  Obp €T 06E°IT  6°1 1°9 L*yT g8y 0°ff wosswes ”MM_”_%\, 38&2&% 01
b 8AH v°99  086°€T  060°21 970 'y 6°21 €8y 8°8¢ Youua =”mwnuw> 35-%%%0 6
(0)°n 8AH 6795  0z2‘el  0ELIT 870 1°9 0°11 8°6v  2°6¢ SWEM%EM\, Z .mumwmmﬁmo 8
n‘ee gAH 8°65  099°€T  0€9°TT  9°0 LY 1282 69 L-8¢ Sﬂmw_“ﬂ 3mohmumm@_mmmwu L
neee JAH  1°86  0/8°21 08¢'lI1  8°0 veL 120 S SR 1°8¢ __om_mwﬁw> »umwwmmw”m g
b 8AH £°65  DETET  0S0°e1 L' €L '8 v-0s S° Ty szzomomwn%\, 33-%%%@ g
neee YAH  2°85  062°%T  0£5°21  9°'0 S°¢ L°11 L°0§ 9°Lg xzm“mw_mt_m\, 38-%“&%“% |
n‘ee‘a YAH  £°6§  061°%¥T  OTO‘ET 970 §'¢ 6°L 8°05 €1y uojey yMey yoe|g ¢
gAH  8°65  OvE‘€l  06S°IT  9°0 8°§ L°01 176 £°8¢ Losurqoy K141 abeuaany
(b)nre aAH 274§ 02¢°eT 08L°TT 970 6°6 £°21 1°6% 9°8¢ __85%“5@, 2 *ON pue|jley
(v)nre MM pT.S OTTeT 0p2°T1 9°0 €79 0°t1 v'8t  9°/¢ SmEMMMfM\, 1 .ozsw“wm_w%um
n‘ee 8AH  1°/S  06v°ET  018°TT 970 Al 0°21  ¥'6v  9°s¢ ;MMHHMN> ﬁmwwmmwmmm z
ba A p°9S  0v2El  0€6°TIT 970 2'9 L6 270§ 1°0% ofawaap 1 *ON owe|y 1

ALNNOD ONV4HINK

. [3 13 9 yadag 40 (s)pag (4-1-259s) worjesoq *ON
Mw“w Juey .._zzm AWHK nig M .ummoz ysy 94 WA uoLjewdo4 SWeN [[3M 40 3ulLy dey
3ounog 154 *ddy 94 nag ENEFERN IR siseqg A4g

‘0peOo. |03 ‘uolbaJa |POD BSIK UOIRY BY] UL SIJ0D |POD PuUB S3ULW SAL3RIUSS3JdAU 40y BIRp SasA|eue |eO) °T 3|qe| Xipuaddy

56


http://cr.cr-i-r-3roi-cr.T3

ee

n‘eeca
n‘ep

n‘ee
neee
re
ee

neee
ba
(44)‘ee

n‘ee‘a

(3d)ee

ee
(n‘ee)“xo%ves
n‘ee‘a

n‘ee‘a
ee
neee

b

ned

(N“40)°nper

3 °6°8-0°8

VAH
YAH
VAN

AW
VAH
YAH

VAH
VAH
VAH
VYAH
VAH
YAH
YAH

VAH
YAH
VAR
VAH
VAR
VAH
VAH
YAH
YAH

YAH
VAH
9AH
gAH
9AH

dAH

0951
OvE“HT
0Tt +1
002°G1
0€6° 41
0€6°t1

058°p1
021°S1
019 41
02L°¥1
06t t1
08t ¥1
060°GT

088° 71
02051
020°61
Oy H1
025°¥1
0€S“¥y1
0L2°t1T
090°S1
04541

0LT Y1
087 ¥1
06.°¢1
0€8 €T
066°€1

096°¢€1

058°21
065°21
ovez1
ore“ 21
021°21
021°21

059°21
0£9°€1
02821
000°€1
ov9° 21
051721
081°21

052°¢1
091°¢1
0LL°T1
.088°11
ove‘2l
09g° 11
056°11
0§8°¢€T
0LL°21

09 °€T
0821
02L°11
052°21
ove‘zt

0LY 2T

L°1¢

(stsAeuy oy)

9°0 €2 0°11 AR
S°0 6°¢ 8711 0716
9°0 L°2 9°¢l €°09
S°0 £°2 L°LT 6°G9
970 0°2 L°LT 970§
9°0 0°2 JANAS 9709
G°0 1°2 6°¢€T €°€9
9°0 8°1 6 ARE
L°0 9°¢ AR 0°ts
L°0 2°e 6°0T y°€s
L0 672 0721 9°¥s
9°0 §°2 2781 02§
9°0 9°1 0781 6°2§
9°0 6°1 ¢°01 8°%§
8°0 6°1 §°11 L°8Y
§°0 6°1 £°02 6°8Y
9°0 e 8°91 1°1§
9°0 6°¢ AR At 9°2§
970 1°¢ L°02 9° LY
9°0 9°¢ §°G1 0°€gs
G°0 1°2 §*L L°1S
L°0 AR L°11 1°96
ALNNOD SYWINY SV
$°0 e 8" v 0°8%
8°0 L°e 0°el 6°6%
S*0 LY STyl v 8Y
9°0 8°Y 0°11 9°0§
9°0 6°¢ 21t L°6Y
9°0 9°¢ 2701 €715

8°¢t
AT
9°ve

enbe|ag
uojey
enbe|ag
uojey

n

uoiey
ENL:DEN )]
ofauwaap

an
olfawaap
2
4
[SRETTR
uojey
an
uoley

uas ey
olawaap
uas|ep
[ICTIREYY

sburysey °q

olawasp
035840}

olawuap
(¢sse))

9 *ON uoue) Jeag

uojey

uouey Jeag

uojey

mn
ofawuap

oddlLdd
uojey
oUdBWLA ¢
uojey
oJ3uLdg
uojey
ustty
uojey
ouLduy
ofawasp

Jn g ussjiepm

ofauwasp
uoJawes
olauwdaap

uoJawe) ‘uas|ep

uosuLqoy

ofauwdap
uas | ey
ofauwuap
uosuLqoy
olawusp
Ny W
‘uoJsueg
[J-TINE-FY

MG9-STE-GT
1 *oN dia35 enbeiag
MG9-STE-91°GT
2/1 ¢ *oN enbeyag
MG9-S0g-2¢
2 "OoN Asieg
MG9-SE€-62
a1epayo)

sbedsay

2 "ON Apleg
Mby9-Se¢E-€2
dLa3g 937 AssL)
M99-Sge-1
€ °*ON uoAue) oddng
MG9~SEE-6
uewMmog

abedsny

U03s34)-| |amap
MG9-S0E-91
os|nstg
MG9-STE-9¢
¥ *ON puLmMuag
MG9-STE-9¢°62
uouey) pulmdag

MG9-Sze-11°2

g °*ON uoue) Jeag
M59-S2e-11

£ °"ON uoue) uedg
Mp9-SZe-ve
Apieg

abeuany
oguaeduog

J0youy
MG9-Sge~-2¢
2 'ON Joyduy
M89-SEE-12
usa| iy
MG9-S1€-2
letdsdwy aejLnby

MS9-S62-08

1 *ON 2snoy
M99-S62-1

asnoy
M99-$82-91

t "ON uosulqoy
M99-Sge-8

2 *ON uosuLqoy
M99-S82~L1 MN

1 *ON uosuLqoy

M99-582-12

dL43s poomuasey

2y
87
()4
6€

8t
L€
9¢

SE
ve
€€

43
1€
0€

6¢
8¢
L2

92
Ge
ve
€
[1

12

57



n‘ee

neee
XN W eea
Mo

b‘o‘a

n‘ee

b

n‘ee'a

904n0g

YAH

YAH

VAH

VAH

YAH

YAH

G°8  VAH

VAH

YAH

YAH

YAH

0°9-6°2 YMH
G°€-G'C  VAH
0°9-0"%  YAH
YAH

YAH

YAH

3 ‘6'9-0"9  VAH
YAH

3 YAH

YAH

YAH

YAH

YAH

YAH

*04ug
*qae)  uey
1S4 -ddy

€769
2719
1709

%
JWWa
24

0ST°6T
00L 41
061 41
0L1°%1
ov1 6T
0€0°S1T
05161
08641
020°ST
091°61
025 ¥1
08E“¥1
062°11
09t v1
009°t1

0€L Y1
00€ 41
0v6°t1
0Lt
00261
0S5 ST
0L2°61
02, %1
09L°%1
0r8‘v1

AWWIW
nig

01661 9°0 vz z°01 0°85 8°1¢
0TSl 9°0 2'¢ 1°01 L°€S 2 9¢
25zt 970 1°2 LA A £°09 6° Y€
00,21 970 0°¢ 8°6 v°09 8'6¢
0sL°2t  ['0 81 8yl 8'€g 12813
0v6 1T 970 81 2°61 £°05 §°0¢
VP ET b0 1z 9°01 8°9S 9°¥¢
00821 S0 0°2 L€l 6° %S pelg
0€9°21 L0 L1 6°v1 ves L72¢
09621 ('O 22 9°el 972§ 8- €€
0SS°€T  ¥°0 12 2°9 8°L§ 0°9¢
081°2T 970 272 €yl 68 8'8¢
ovL 1T 90 22 891 v 8y 8°8¢
01921 970 2°2 0°el €6 L°8¢
059°21 90 2'2 9°21 €15 179¢
(stskeuy o)
0£9°21  8°0 L2 S°€1 2°€s €°¢ge
09/°2T  §°0 2t Z o1 9°25 TANAS
065°¢T  8°0 2°2 Lyl 9°16 L'€g
0v0°ET 270 "2 Lot 8°¢5 §°s¢
02521 90 8°1 7791 £°€s £-og
068°€T L0 9°1 8°6 $°09 L°62
02S°€T 970 2°2 801 6°LS A £
0921 90 [°2 2°¢el 6°56 6°0¢
05921 L°0 9°2 vrET  LTeh o 67EE
09.°2T1 S°0 0°2 el 6°¢€S 6°2¢€
(*1NOD) ALNNOD SYWINV SV
% % % % %
e S T3SIOW ysy 24 WA
PaAL3daY SY siseg K4g

o434
uoiey

uouery Jeag
uojey

an

uoley

2# 9S0Jdwldg
uojey

aLLLAYdRYS ‘ABLU0p
ofawJasp

3| LLAY4RIS-|bu]
olawaap

ayoedy

olawasp

an

uoiey

pulmuag sbulysey
ofauwuap

2% ¢ "oN
ofawudp

y# peaypoug
ofawaap

uosutqoy A3ulg
ofawJsp
SLPPLKW
olawJap
uosdey‘uosutqoy
clawdap

i
uojey
sbuLisey
olawusp
uas|em
olawaap
i uasiepm
ofawdap
EL)
uojey
Y2 L43padd
uojey
juowpalq
olauwasp
uas|em
ofawuasp
9|bu3y
ofawasp
suldug
[SJCTNEY
(odawiag) ssen
uojey

yidag 4o (s)pag
UOLIBWAO 4

*(*INDD)OpPJO[0) ‘uo(BBd |[EOD BSAy UORY BYF UL S340D |POD puR S3ULW ALjeIUdsasdas Joy elep saskipue (eo) ]

M99-S€€-92
0JBMWLU g

MG9-S2¢-01

UOUR) dlaledq
My9-S2e-62°02
320003y
1G9-50€-6
9S0UWLAd M3N
MES-SYE-TE

Ko |40y
ME9-Sge-L2
eAojuop
ML9-SE€E-62

| LaMxe}y
MG9-SEe-11

1 *ON Zdulidey
My9-STE-2¢

1T °"ON MoLpn]
M89-Spe-12

(oLoua]) ebap seq

MG9-S0€-02
p "ON SPuwluy seq

€% ¢

abeusany

dLa3s | Lamap
MG9-50€-T2

diuals | |emap
MG9-50€-6

yisuuay
MG9-STE-8

dirays Aleay
Mb9-52e-62

sburisey
MG9-S0£-12°91

1 °"ON uoue) udauy
ME9-SEE-TE 92

9 B ¢ "ON 333u4) Aeuy
MG9-S0E-bE ge

wag

MG9-SEE-2¢

AO143pad4
Kp9-SEE-pE

03S1ouURU4
MP9-S2€-91°61

6 °ON S2Quo4
MEY-SEE-62

2 "ON 3l|tad|bug
MS59-50¢-82

astdugy
MG9-SEE-9°g

x1Q

(¥-1-285) uoL3ed507
SWBN |{dM 40 BuLy

s|ge] xipuadcy

99
§9

¥9

€9
29
1¢
09
65
8§
LS
99

S6
¥s
€9
4]
15
0%
6
8%
Ly
9Y
Sy
V2
[

-0y
dey

58



ee
(b*44)‘rr
H

ndo
(o) ‘ee
Mb
nON
nd
n‘ee
n‘ee
petdd

n‘re

VAH
YAH
YAH

VAH
VYAH
VAR
VAH
VAH
VAH
VAH
VAH
VAH

8°59
6°t9
§°S9

062°S1
082°S1
012°S1

06 41
080°61
(AR
ove“st
006°41
04591
WICAR A
061°61
0T9°¥1

00221
061°21
012°21

0oLzt
oveet
06721
01s°et
0gset
01921
08.°21
008°11
00/°2t

L°1
6°1

9°81 §°1§
6°81 §°1§
¥°81 ¥°18
(paystigndun

(paystigndun

(paystiigndun

(paysiy1qndun

0°2¢1 Vs
0°eY 9°8Y
ol 1°2%
1t S°LS
0°st 0°8Y
9°21 G 14
9701 2 2%
6702 976V
€721 £°0§

6°62
9°62
2°0¢
s3Lnsay)
s3pnsay)
s3|nsay)
)

s3|nsay

3LLLAYLRIS °1
ofawaap
dLLLAN4RIS °n
olawdap

1062

1006
10011
1000¢

putMuaag
ofowuayp

sbuLisey

olawaap

uas|eM
ofawJdap

uousuwey 7
olawasp

Jdaudnj 40 abeaes
uojey

ucJauwes)

ofawdap

uoJawe)

ofawdap

¥ "ON

"olfauwaap

an

ofawdap

abedany
L "ON 31liAxdelS

 "ON 9LLlLAddelS

Mp9-S€€-9¢€

y# 9L0H S9SN
MG9-SEE-2

£# @10H S9SN
M99-Sge-/2

Z¢# 910H SHSN
ML9-SEE-¥

T# 9LOH S9SN
MG9-STE-9¢° 5¢
43110
Mp9-Sce-11

404

Mb9-S2ZE-€1
platisng
My9-See-ve“ee

1 *ON sLadog
MEG-SSE-8T

(43udn)) uiqoy pay
M59-S0£-6°¥

2 "ON uosdey
MG9-S0E-¥

1 *oN uosdey
Mb9-S€E-62

9% Y

MG9-S0€E-22

Z °*ON Ajruaadsouy

6L
8/
LL
9/
SL
17
€L
¢l
1L
0L
69
89
L9

59



neee
(ee)s‘o

(ca) nere
neee
neee
neee
neee
neee
neee

29

n‘ee
a ‘vy

sy
sy
Med
neee
neee

304N0g

0°1
0°L-S°G
0°£-9"9

0°9

0°£-G°§

]

J
G°8-0°1
G°8-0"¢L

§°8
0°1

0¥

ToJul

*q4ed
154

BO2 JSALY UENQ URS @Y} UL SIJOD |ROD

YAH
9AH
YAH
YAH
VAH
VAH
VAR
YAH
VAH
YAH
VAR

YAH
VAH
YAH
VAH
YAH
gAH

VAR

VYAH

juey
~ddy

£°96
6°89
2°65
y°84
1709
L°8S
2°09
G764
765
0°6S
LS

JKWa
24

0Ly b1
016°€1
06L 1
068 ¥1
089° %1
068° 1
00 ¥1
098 %1
0v6° Y1
0.8 1
0z22°p1

0£0°G1T
0LL YT
06L°t1
0z2°s1
0¥y ST
00L°€T1

060° Y1

0L5°¥T

AWHI
n1g

09g‘zt €1 1°¢ L°€1 L*1Y
080°€T 870 8¢ 9°§ 1766
ov8‘el 01 Lz 6°G £°5§
ol6°cT  T°1 172 L*9 9°¥S
AN AN vo€ 29 6°55
0L1°yT  0°1 §°2 vy 1765
0I9°€T  6°0 L€ 1 L*9§
098‘el €71 22 1'9 £°65§
0ggel 670 12 8°9 8° 45
01L°€T  £°1 £°2 (A AR
069°2T 970 9°¢ 601 6°05
YINR0D ¥IV1E ¥
pg9‘eT 970 8°2 1°s1 970§
ogL‘el 11 872 v*9 €95
08r‘et  6°0 9°2 §p1 2°5S
0021 670 L1 €61 215
0v9°el  6°0 €1 L°01 y°LS
0¥L°1T  8°0 6°Y g€l 1°16
-- 11 §'6 0°1T  9°0§
01121 970 St G ¢l 1°LY
08£‘21  6°0 v 2'vT 7L
ALNNOD Y13TNHIYY
b4 % % %
nig ‘S °1SioW ysy 24

pue sautw (0D pue

paAladey Sy

souLW 3AL1RIUSSIAAIL JO4 B

9°8¢
£°6¢
8°8¢
5°6¢
6°L¢E

£°ve
£°6¢
£°6¢
8°L¢
6°0¢
1762
¥°8¢
¥ 6¢€

G°8t

%
WA

siseg A4Q

<0JLX3W MBN UJBYIIOU pU
1ep Ssaskleue |BO)

n
pueiiindg

01qand
9949UdK

an
EEJENETR

EEFENEN
an
EEJENLIR
n
EEFENEN
an
EEJENEIN
an
EEFENEI
an
pue 3LNd4

n

pue|3ind3
an

pue|3Lnad

3
pue|3indd
g
puR{3Lndyg
¥
puet3indg
an
pue(3Lnig
an
puR|3LNd
N
pue|31ndy

yadag 4o (s)pag
fuoljewaoy

M9-NGE-91
Kep anig

MTIT-NGE-TE
suweyq an|g

abeaany

€ "ON AJO03DLA
2 "ON AJO3DLA
auiysung

T "ON X0
4e1g Burudoy

alase)d
MOT-NGE-2¢
puowetq 3oetg
M9-NGE-€1
(owey oN)

MG~NYE-6
3308 MO |94
MZ-NEEC-6¢
30
sbeudny
dLa3g zaulijdey

dLJ43s Zaulidew
Mb-N4E€-0E ‘62
dLa3s ZaulLjuey
MI-N9€-9¢€
FEINEERD
MG-NGE-02
sutqunio)
MZ-NEE-¢¢
out|lag

(y-1-99S) uol3ed0]

BWEN | |PM 40 BUly

e OpeJo|0) ‘uolbau
-z @1qe] xlpuaddy

68
88

L8
98

68
¥8

€8
28
18
08

“op
dey

60



L]
n‘o
n‘do
neee
0420
o]

0d
0‘aa
n‘ee‘e

neee

neee
n‘yee
(d°0)‘nre
b‘aq

o o

-

ASY

bd

re‘a
(a@)*n‘ee

(0)nee
n‘ee
n‘ee
n‘ee
n‘ee
neee

G°9-0°g

0°¢
§°9-0°¢
0°g
0°6-G°y

§°6-0°¢

G°6-G"¢y
§°6-6°1
G°6-G6°¢
0°6-6°1

6°1

S°v

VAH
YAH
VAH
VAH
YAH
VAH
8AH
YAH
VAH
VAH
VAH
9AH
VYAH

A
AW
AW
YAH
aqns
VAl
VAH
9AH
VAH
9AH
9AH
GAH
YAH
VAH

9°29
2°8%

08T 9T
029 b1
00€°¥1
028°y1
0v0°y1
0bS b1
00L €T
02y ¥l
092°¢1
02z vl
050 ¥1
o9 et
010 %1

008°G1
02€°61
008°S1
025°t1
091°01
0841
082 91
098°¢1
002*¥1
oLv el
021°€1
066°€1
08  ¥1
020°+1

022°e1
06L°€1
01521
085°¢e1
0S6°TT
006°11
11T
09€°€T
092°¢1
02°¢T
066°21
00€‘21
099°21

0€2°11
0L0°21
ov1 21
0LL°€T
ooe‘s

08€°01
02e°¢e1
ogL 21
060°€1
0st 21
0L6°11
026°21
086°21
0G2°¢€T

1°¢
0°¢
€°6
0°¢
€°¢
v°e
Ly
1°¢
9°¢g
9°¢
6°¢
¢y
9°y
¥°9
P°s

0t
6°6

€°04
579§
8¢S

Ly
0°6t
¥°0s
6°¢S
0°¢s
AR
v°es
0718
871§

1'9¢
0°s¢
21y
0°6¢
8°g¢
2°s¢
9°g¢
Logg
o0y
L*6¢
b0y
€0y
€0y
v 6e
6°8¢

(stshLeuy on)

L796
19

8°¢e
L°gg

v 8¢
L°6¢€
¢ oY
97 0%
S0V
9°8¢
0°6¢
[ 4
v ov

0J3u0quey
pue{yLnay
ERLELEN
EEFEIEN
yo09e34
EEFEITETM
an
EEFEVETN

g
pue | 3Lnd4
an
CEFENEN
an
pue|3LnJd4
an
pueitnay
N
CEFENETH

an
EEFEITEN

an
EEFENEN
01qang
EEFEITETN
an
CEFENTEN
an
pue|3jina4

an
EEVENEN
an
EEFETEM
1 8E¥2-, 9092
puB 31Ny
\0682~,6282
puR|ILndy
16992-,9592
pue|1Lnay
p-8°2-y° 1-y
EEFENEN
q
puR[3Lnay
oJdauoqguae)
pue(iLndy
an
EEFETEIN

an
ELFENEN

EEFEIEN
an
99 Jausy
an
EEFENEN

an
EERED ETA

M2T-NZg-€2
13104y
MOT-NGE-GE
28 1 "ON 431404
MOT-NGE-H1
1 "ON Yedq ulJayg
MOT-NSE-T2
$S3| 499
Mo-NGE-GT
Jaued
MOT-NSE-92
Ayduny
MIT-NEE-/T
UowA Ol
M6-NGE-/2
(PL0O) e3R|d o7
MIT-NGE-T1
(MaN) eie)q eq

abeuany
2 "ON Bury eoy

T "oN BuLy [eo)

MIT-NSE-2¢€

Buty
MIT-NGE-¥1T

2 °"ON snuadsay
MZ1-NEE-9¢
UoSJUapusy
MZI-NGE-9¢

d143s ya|ng Aey
M6-Nupe-1¢

|duldg ploy
M6-NSE-82

*1osuoy Buiy proyg
MOT-NyE-9¢

XE TON ‘OI-y€ *H°Q
MOT-NZE-GT

1-GT *ON ‘01-2¢ "H'Q
ML-N2g-§

S-X1¢ *H'Q
MOT-NGE-22°02°91°G1

ya1ng |eop
MZT-NZ2E-¥1

33Ing J3puL)
M6-NpE-2€

uolrjaunp uoque)
MIT-NGE-2£ 62

2 °"ON |l3Muung

abeuany
usssnusey
jo00ray

2 "ON yoLng Aey
T 'ON UsLng Aey
SLM37 3404

MIT-NGE-62
1 *ON [[32Muang

I8!
111
011
601
801
L0T
901
S0T
¥01

€01
201
101
00T
66
86
(6
96
G6
16
€6
26
16

61



0°4
D0 42D

()n‘eec0o
(Hnee

(w0 aa)*n‘ee
b0

04

Meo“d

M

00409

b‘aa
b

refd4a
neee
(aa) ‘b d‘a

0vy
(20)“n‘ee
(102
n‘o

324n0¢

VAH
§°1-0°1 VAH
VAH
§°1-0°1 VYAH
8AH
JMH
JAH
g9AH

JAH
9AH
4AH
4AH

0°L-0"9 YAH
YAH

G°§ YAH

7 ‘67§ YAH
YAH

YAH

YAH

YAH

9AH

YAH

YAH

"o4UT
*que) Jjuey
154 -ddy

[BOD J3ALY UBNQ UBS 3Y3 UL SIJ0D |ROD

JWKHG
RE|

05041
012‘y1
062°¥1
0€T1 41
092°¢1
01121
0521
0L6°€T

ove‘el
06s°¢et1
016° €1
061°¢T

098° %1

05€°¥1
042 91

0EE‘¥1
012 41
000°t1
05S°¥1
011°61
066°€1
o0v9 ¥l
or8‘ b1

ET
nig

-- 50 9°2 8°¢e  ¥'Zv  8'€2
0L0°TT  9°L 8t 261 Sty £°9¢
056°21  9°0 1°6 9°8 8°L§ Loge
00S°ET  9°0 Ly 2°s $°09 £°ve
06£°21 90 §'g 0°21 0°6S 0°¢¢
082zt 970 S°L €1 8°0§ 6° 19
09€°TT S0 8°21 5°9 1°9% 'Lt
098°01 §°0 Lt 9°¢1 9°¢9  8°2¢
08v°1T  0°1 L't JAFAN 1°26 AL

-- 0°1 5 1 9°¢l 9°9G  8°IE
orv0T 90 '8 v°s1 S 6y 1°6¢
09%°2T 80 8°9 8°L L°0§ g2y
056°2T  8°0 5'g v°6 0°0§ 9°0t
09€‘21  9°0 1'8 2'9 $°18 vy

ALNNOD YWNZILNOW
0/8°¢T 21 9°2 "9 L*9S 2 6¢
095‘21 60 9°¢ 811 S°Ly L°0%
06L°21  v°¢ L€ 7°6 1°0§ S* 0y
0gg‘2t L't S°¢ v'6 1705 S 0f
0S.°21  0°¢ 8°¢ 7°6 0°0§ 9°0¢
00L°TT  £°0 AL L°S1 9*9y  L°l€
090°€l  [°0 "¢ L76 9°¥5 L°S€
0€8°ET L0 L1 Lt €766 6°2¢
062°21 80 9y 9°11 0°05  ¥°8¢
068°0T £°1 $°2 042 A R3S
0TL°€T  L°0 0°¢ 1842 0°L5§ 6°G¢
(*LNGD) ALNROI Y1V1d Y1
% % % % %
nig *g *1SLOYW ysy 4 WA
paAladay Sy siseq Auq

puR Saulw |BPOD pUP S3ULW 3AL}LIUAS3AJdBL JO) BIEp SISA|RUR |RO)

an
ey03e(Q

an
ejoyeq

EERENEL]
J43ouadg
EEYEVETN

ejoyeq

Jaouadsg
EEFENEN

an
39J3Udy

an
EEFETEN

an
EENEEN]

PELERLER
3943udy
an

29 43udy
an
pueiiLniy

an
3243udy
n
EEJEVE
an
23jauay
(yd02034
EEFEIEN

yidsg 4o (s)pag
fUOLjRWIOS

MeT-N9E-12
193dsodgd

M9T-N9E-GE
Kamop

abeaany

PWNZIJUOK
MGT-N9E-6¢
2 "ON eunzajuoy
MET-N9E-9€
2 °ON Soouey
M9T-NGE-EE
uosyoep
MBI-NGE-€
303ds04d u0j|Lwey
MET-NLE-0E
128ds0d4 JI||PH
MET-NLE-62
(pLo) 4s|eH
M9T-N9E-€2
733409

sbeuaany

490uadg-bulpiatLy

MET-NIE-GE
weyudang

MOT-NGE-22° 12
T *ON AdO3D1p
M9-NGE~-ET
wSa BLdLd]
EL-NEVAY

2% T "ON JuBLum
MIT-NGE-82
swasJ4dng
MZT1-NZe-1
Buiads epog

abeusay

Mo | BauLy
M6-NGE-E€T
2 °ON 20Jweys
ML-NGE-¥1
Z3nysg
MOT-NSE-G2
uenp ueg

(y-1-985) uoL3ed07
SWeN | [3M J0 duly

*(*LNOD) 021X3){ MON UJSYIJOU pue OpPeU0|0) ‘uoLBad

*Z @lqe} xLpuaddy

621
821

Let

921

vet

€21

21
121

021

611
811

{11

ST1
yit

“oN
dey

62



(aa)“x -

133
1°3
%920

1433
1433

133

1433

(b°d)n°er
M
(d°0)‘0a
aa‘2
baa

b“aa

JAH
AR
YAH
YAH
VAR
JAH
JAH
8AH
VAH
YAH
VAH
JAH
VAH
YAH
YAH
VAH
VAH
gAH
VAH
gAH
gqns
VAH
gAH
YAH

9AH

JAH
4AH
9AH
9AH

AR £
9°¢l
2769
€769
1°0L

009°21
09£°61
0€5°6T
06L°t1
0€8°G1
0L2°21
016°21
00%° €1
0vE° ST
05L° 1
098° 41
028°21
021
0€8°t1
00641
09L° %1
029°t1
08e ‘el
0v9°¥1
VARSI
00L°01
081°61
069°€T
005°ST

026°€1

00z‘21
018°€1
008°€1
029°¢€1

010°¢T
020°11
01€‘11T
010°21
0§5°11
0€5°0T1
091°21
06%°11
052 11
000°€T
oeL et
099°11
06€ ‘2T
068°11
080°€1T
008°01
056°21
0€9°11
010 21
0v8° 11
0v6°6

0SE°ET
050°21
0€8‘21

06521

06€°T1
018°9

016°21
o¥6‘21

6°0 1°01 9 Y 0°1s
9°0 1'1 0°82 2°15
L°0 G°1 ¥°a¢ 170§
9°0 ve1 S L1 8 vy
L0 9°1 £°62 6°06
r°e 9°6 0°¥1 8t
L°0 2°1 L' €9
L0 9°9 18821 0°8¥
8°1 L1 L°¥e 1°2¢
S°0 v°2 I°11 § 8%
L0 L1 0L 1°95
9°0 8°g 1°6 2 sy
9°0 82 5 21 6°GY
L°0 52 y°81 TUey
9°0 9°2 511 9°6y
[0 €2 2°62 6°0t
6°0 £ 8°01 8°1§
£°1 6°9 8°21 2799
€1 £°2 §°91 L vy
9°0 L°s €€l G*GY
v°0 vl 9%, 1725
L°0 1°1 I°11 6°LY
9°0 6°G L°T1 8°9Y
[°0 €1 0°91 6°6%
(ALNNOD NYNC NVS) 02IX3W MIN

01 8y 16 6°05
v°0 6°02 Z°8 2°25
9°0 121 6°9 2°08
S°0 g°¢ 1°8¥ 1°2¢
0°1 v°s 1°9 0°¢s
9°0 0"/ 8"t 0°¥s

L°SY
9° 1y
v°8¢
6°2b
6°¢t
I ANAN
01y
8°8¢t
¢ 1Y
L76€
01y
ST
1°v¢e

0°0¥
L76€
6°2Y
8°61
6°0%
¢ 1y

an
EEFEUEM
,0£82-,1182
pue|3Lndy
(G0TE-,00T€
pue|1indy
,0€02-,0202
pue(1Lndy
V9ETE-, $21E
puellLnd4
an
pue|iindy
an
EEFETEN
v
pue|3Lnay
,820€~,0082
puelILnayg
.000£-,5122
puR|[1Lnd4
n
CEYEIEIN
an
puR | 1Lndy
LObPT-, 65291
pue1Lnay

1§162-,6062
pue LR 4
,09£2-,0b€2
pue 11Ny

0
EEFENEM
oJ4auoque)
pue[31ndyg
28LT1-,9LL1
pue|3tnayg
,080T-,0£0T
pue|jinay

an

EEFEIEIN
0%/2-,01/2
pue|3indyg
OL&:OQLMU
pue 31Ny
1§62€-,0€2¢
pueiindyg

n
EEFEIEN]
an
99Jauay
490uadg
EEFENEN
PTE8- e/
eloyeq
y203e3d
EEFENEM]
J49ousdg
EEFENEN

M9T-NOE-T2

Looyos yo0adiys

M9-Nee-/2

12-2 "ON“0S-2€ *n°r°s

M9-NOE-0T

‘ON 9-0¢ *n°r°S

MTT-NOE-{

1 *ON s3uop Aqny

MG-NTE-§
“ON 3lup esoy
MGT-NOE-91

3100dsouy
3T-NTE-L

Swis plo
M21-N¢gg-2¢
0D L XY MIN
M8-NOE-§

9 °*ON 2400}
MZT-N1g-¢
“ON LL2UD3LW
MI-NT€-8

(¢b61g-suueg) Jap|Ly

MGT-NOE-82
Sni|adJey

MET-NOE-GT

29 'ON 3un7

afeusny

02 "oN Bimpnq

M6~NQE-62

0Z *ON bimpnq
MI-NTE-01
zyny
MET-N2ZE-12
sauop

MET-NTE-TT

I1-1 °"ON uewaaJ4

MET-NOE-TE

VIE-T °"ON [®Japay4

MI-NTE-2T
auo|ajse)
MIT-NTE-8
6 "ON 9589
MET-NZE-22
Sewoyl L9
M6-NTE-0¢
1 "ON 1dJ4deg

M21-NGE-L
2 "ON USpL|LM
My1-NSE-82
(pL0) ppoOy
MIT-NGE-52

ppoOJ
MPI-N9E-8T

8 "ON 9|OH 3S8)

MET-NGE-¢€
(pLo) 49duadg
MET-NGE-2
432uadg

LG

LR
val
€91

161
0ST1

8h1
91
91
Sl

1228
£Vl
(428
w1
ov1
6€T
8¢E1

9¢1

SEl
bEl

(441
1€l
0€T

63


http://�piCJi-oroococ.ro

S ‘Y
(b)n*rea
(b)‘n‘reca

1

1733
PN}

254n0§

0°1

0°1

f04U]
‘qJ4ed
1S4

[POD JBALY uenp URS Ayl ul

g9AH
VAH
gAH
VAH

4rH
9AH

8AH

YAH
YAH

YAH
VAH

Auey
+ddy

dWWQ
24

068°¢€l  0£9°21  8'0 275 88 1°85 1°¢¢
02€°%T  099°2T 8°0 1°¢ 601 696 9°2¢
069°€T  0££°2T  [°0 6°6 L6 696 8°¢¢
OTT #T  019°0T £°0 2'¢ 9°¢2 8 v 9°1¢
(07374 VITYNLYN-YTONN) ALNNOD 3SOULNOW
066°€T  061°21 ¢°1 €€ 0°21 816§ 2°9¢
096°€T  08L°1T  #°1 v°€ Ly1 0°0S £°6¢
062°¢1  078°8 0°1 v L°2g 9°8¢ L°82
(071314 YLI¥NLYN-YIINN) ALNNOD VSIW
069°GT  069°0T £°0 ST [°62 G'GY 8 2
08E°vT  OvL‘2T  §°¢ 6°¢ £°01 £°06 v 6¢
-- 069°11 T1°1T 6°01 9°91 -- --
-- 0L9°6 6°0 €11 G°81 -- --
081°ST  096°21 2°2 §°1 £°el 2'9% S 0¥
0vS PT  0LE°2T  9°0 22 0¥l €8y L°6€
(*1N02) OJIX3W MIN
% % % % %
WKW nig *S _*3SLoW ysy 24 WA
nig ELYEEENI siseq Adg

S9400 |ROD

pUR S3ULW |POD puP SJULW BAL3RIUSSIAASA 404 BIRP SISK[RUR |RO)

an
ejoyeq

eloye(
buLpdaqg
ej03eQ

el0jR(Q

eloyeq

. 00%€-,0LE¢€
pue|3Lndy
an
EEYENEN

n
puR3Lnd 4

an
puR{3Lnd4
,06£2-,§8£2
pue|iLndyg
VLT~ ETLT
pue|3Lnay

yidag Jo (s)pag
fUOL3RPWIO

MIT-NLy-92°62
dia3s elony
MIT-NIY-€1
L1389 A143qL7

MGT-N/H-TEMS
ouspuadapu]
MGT-NLE-TEMN

€ Pog

3E-Sy-81
(S "ON) yo(ny sy|om
31-S2-¢§
J 2 'ON
MI-S1-9¢
(1 *ON) uoL3IduNp puedg

MOT-NZE-¥¢
T “ON SudydIp
JT-NTE€-02
*0) |3N4 UJ4DISBM
MST-NTIE-G¢€
*0) |BO) UJDISIM
MGT-NIE-G¢
*09) |e0) UJI}SIN
M6-N0E-82
€ "ON JBuan)
MZ1-NOE-22
T "ON ueAL|LNS

(¥-1-935) uoryeo0q
AWEN ||3M 40 BuLY

*(*LNOD) 0D1X3}y MON UJBYI4OU pue OPRUO|0) ‘ucihau

*z @lqe| xLpuaddy

0Lt
691
891

991
591
91

¢91
191
091
661

“op
dey

64



(W)*M°D4
Mba
n‘eeca
n‘ee‘a

(b)renwa

(44)‘eenta
(dYeefn

renta
(a4°0)eetn
(44°0)rena
bea

Y
(bEN‘D)re‘nnia
(b)*re nca
retne
(dYrenta

(99 44°D) eena
¢

r
(44)n*wa
PeN WQ

(44°D)‘rrena

224n0¢

0°6-0°¢

G°1-0"1

G°1-0°1

f04u]
*q4e)
1S4

copeJo(0) ‘uoLbaa [ROD eULQ 2YI UL

VAH
JMH
JAH

9MH

JMH
JAH
JAMH
JAH
JMH
JMH
JMH

JMH

YAH
JAH
JAH
JAH

JMH

JAH
gAH

JMH

juey
*ddy

5°84
6°1LS
G°64

%
JWha
24

010 %1
0zyzl
098° et
019°¢1

028°11
06L°11
VARSI
098°11
026°T11
06211
005°11
(T ZARA

011 ¥1
0£L° 1T
06L°11
0€LT1
0€6°21

ov6° 11
o6t €T

066° 11

AWWH
nig

052°eT 5§70 8¢ 29 0766 8°6¢
0111 970 AR 9°01 Y 0°0Y
062°21  ©°0 €L 3 1718 9ty
096°21 9°0 176 Sy L°€S 8 1Y
+INNGD 1313%9

06,401 60 6°¢1 £'6 £°26 v 8¢
0LL°0T  0°1 L€l 1°6 G°16 ¥°6¢€
0€0°1T 970 9° 41 2°9 1°¥S L°6€
00501 t°1 8°21 0°21 0°6v 0°6¢
09L°0T  2°1 g°el £°01 2° 15 G°8¢
000°1T  L°0 STyl L9 AR 6°6€
0L1°0T 970 28 A 621 6°8Y 9°8¢
094°0T  t70 0°91 L'y 6°6S p°6¢
00£°€T  §°0 6°¢ ¥°6 0°¢s 9 1%
005°0T 970 6°€l 1°11 9°8Y £ 0y
000°1T  L°0 [ At 14 e s L°8¢
010°1T 970 Gyl G°9 L°€S 8°6¢
08e‘21 970 8°8 €Y 6°¢€S 8°1¥
(s3insad paystiiqndup)

(s3Lnsaa paysilgndun)

(s31nsa4 paystiqndun)

(s1insa4 paysiignduqn)

06£°0T  L°0 0°¢1 G'el 1°6¥ (/ANAS
0g6‘2t  §°0 ¥*9 1°¥ 0°GS 6°0%
088°0T 970 1°el V6 vres 2°8t

NTTEREET
nig .m .pmwos :mw ow EM
FOALOD9Y SY siseqg K4Q

$9400 [ 20D PUR SBULW 3ALIRIUISAUdDL 404 elRp S3SA|PUR |BO)

us |y
p4dARSBW ‘N
pJABUOQURY)
pLatidey *IW
FESEELT
Ad04 SWBLLLLK
ua Ly
3404 SWEL{LLN

Leseg “y# suiliod

Ko lep ussdy
apJUaARS3Y

sutploy
apJaAesSay
Leseg
apJaARSAY
sutlioy
9pUDARSBY
sutjLoy
apJaARSI|
patJduajieabag
apJaAesay

9

IpUBARSIY *7]
1 °“ON 3pls)oodg
apJaARSIy

Ao Lep uaddy
9pUIARSBY
Kal|ep uaddy
apUaARSDY
Kal|ep usady
apJ4aARSIH

J

apJaaAeSaY

apJanesay
apJ4aARSIY
apJUdAERSIY

apJoARSDY
¥o1pang
3pUaARSIAY

1 “oN
apJ4aARSAY
Leseg
S9pUBdARSAY ]

y3dag 4o (s)pag
SUOLIRWAO 4

16-9-€3N
L 194409
Mp0T1-SL-tTMN
pJ4BUOQUR)
M26-S5-91
uaAey joelg
M16-S5-82

€ °*ON Selly

MG6-SET-9T°GT 01
YMEYPWO |

abeusny

do|
My6-SET-81 M
sa3els
My6-SET-81
uLejunol pay
MG6-SET-2T MS
1 *ON uoue) pay
MG6-SET-61
uaaey
ME6-SET-€C
suaMQ
MZ6-Se1-v¢
K3l lep P4RUDUQ
M16-S€T1-4T
Bu Ly
MG6-SET-€1
2 *ON juspuadapu]
MG6-S€T1-21 13

2 °*ON K3llep UddJY

MG6-SET-21 1S

T *ON A9plep ud3up

M16-SETI-LT
(sJawae4) suowu3
Mp6-SE1-21
2°1-M# °H'a
MGe-SET-81

2-GL quelstedf “H'Q

Mp6-SET-G1
€-LL-30% *H'Q
MG6-SET-T1
2-LL-3%% "H°Q
M26-SE1-LZ MS
M e31L3qa
M16-S€1-2 N
uoqqly anig
MG6-SET-TT MS
puowet(q j}oe|g

(¥-1-985) uoL3ed0]

awey |13M 40 Buly

*g 3lqeyl xipuaddy

€61
261
161
061

681

881
L81
981
681
$81
€81
281
181
081
6.1
8.1
LL1
9.1
EYAS
pLT
€Lt
[7A0

“oN
dey

65


http://LOI_LOt.tOC.tOC_

n‘ee
neeca
ba
Kb a
(¥°0)°s

neeca

(M) n‘ee

(MD0°4) n*Wipe‘q
nee‘a

e

(b'0“W)“na
(D) n“Weea
¥a

Mo 4%a
neba

¥q

mebd

(M) ‘neeta
mbeda
n‘ee‘a
n‘wee‘a
n‘weeea
s‘¥‘a

nee

224n0§

01
0°¢-6"1

0°¢-5°1

0°¢-0"1
0°1
0°¢-0°¢

§°¢

G°1-0°1
§°1-0°1
S°1-0°1

0°1

TOju]
*q4e)
1S4

*{*1INOD)opeao(0) ‘uoibas |eOD eULp Y] Ul

IAH
DAH
8AH
gAH
AN
JAH
QAH
IAH
IAH
gAH

JAH

gAH
gAH
gAH

gAH

aAH

JAH

YAH
9AH
JAH
GAH
9AH
9AH
JMH

quey
*ddy

¥°09
0°09
A
G°89
L°%S

9785
¥°09

%
dWKa
24

060°T1
026°11
082°¢€1
09v°€1
095 €1
ovL 2t
0€1 ¢l
ove‘z1
06621
021¢1
0z.°21
009°¢€1
0€9°¢1
009°€T
059°¢1

050°¢€T
002°¢T

ogv et

0001
096°¢1
00821
0v6°€T
088 €1
08y €T
0z0°z1

AWWK
nig

0ST°0T  §°0 v°91 €6 9°2¢ 1-8¢
06211 LD 6°11 v°S §°5S§ 1°6¢
0{2°21 80 1°9 €L vees €0y
0L1°€T 60 1°9 0°2 0°L§ 0°1¥
0S€°2T  +°0 0t 5°8 1708 vy
0/9°1T  1°1 8° 1 1°8 § 1§ v°0t
085 1T £°1 279 AN €6 £°6¢
09°1T 0 v°6 8% L°€S G 1y
061°21 90 PN 0°9 1725 6°1v
0zz‘zt 90 L9 L*9 v°1g 6°1t
060°21  §°0 9°8 6"t 9745 S0
0ev 2T L0 0°s €8 070§ LT
09¢°2T  9°0 LY €8 270§ S 1t
0¥ 2l L°0 0°¢ £°8 0°0§ LTy
06v°21 90 vy 2°8 770§ P 1y
(sisAleuy oy)
081°21 60 €1 G°9 €745 2°6¢
06£°21 60 8'9 0°9 84§ 1°6€
(sitskleuy ON)
000°1T  t°1 8°8 9711 8705 9°(L€
062°¢l  5°0 0"t 1°6 2°65  L76F
020°€T  ¥°0 0y ¥ 9 1°9  9°L€
089°1T  9°0 8/ L'8 1°08 ¢'1¢
069°21 80 19 9°8 6715 G°6E
062°21 1'% 8'¢ L°01 0°0§ £°6¢
085°2T  9°0 L'y 7°9 €725 €1
021l 2°1 Pl L79 €°€s 0°0%
(*1NO2) ALNNOD CI314¥YD
b % % % %
nig 'S *3SLONW ysy 24 WA

paALladay Sy

surseg KaqQ

$3400 |BOD pUR SBULW SALIBIUISALAIL Joy BiEp Sask|eue |eo)

an
9PJUIARSIN °f
'EIRNAFEIEETT
IpJBARSIY W
an
J404 Swel|[LpM
a2y
apusAeSay ]
abpLuafuung
404 swetl|lM

an
A0 SWeL|LLM *7

an
4404 SWEL{|LK *7

us[Ly“3‘4a13ayn‘q
BPUBARSIY *7

48 3 “a3|03yp
IPJUBARSOK °1

ually
IPUABARSIW N

ERRCICEIT
9pJaAERSIY 7

ua| Ly 3 e Laayn
9pJ4DARSIAK 7

a‘a'y

8pABARSIY 1
uJaeaol

A404 SWeL[IM *7

93139220)
SoduUBK *qn
auLysung

‘uosJdapuy‘us|ly

9pULIARSIY °q
2 °"ON duo3sAay
apJ4aARsSay °fn
43 | 93UM
3404 swel||LM
an
3404 SWeL|LIM °n
4
SaL]
3
3404 SwWelllIM °n
puowe g
apJaALSay *1

yidag 4o (s)pag
$UO|1RWIOY

My6-St-¢€
odue|g oLy
M06-S9-v¢

X3y

M26-SG-L
uewney
M68-SL-12
SPIUOYBIO04
M26-SG-¥2IN
¢ *oN deg-ny

abeuanry

@34yt Rig

ME6-SG-ZTMN
UoUR) YIJION

abeuaany

T °ON UOUB) y3inog
M0B-S9-FTMN
uouey Yinog May
M16-S9-€
p *ON dL2Se) MBN

abeuany

UBD|NA-3[3S0) May
M16-S9-1
1 °ON 3[31Se) May
MZ0T1-SL-1L2
uofuey Juabuny
M68-SL-vEMS
pue|pli
ME6-SG-21
uJae3 Y
MZ01~S/-02MS
uokuey sue 9oy
68-/.-82
100SeY

M68-S8-01

AOJ | Ly-uoLJdRy
T6-G-GEMS
EILERYEN
M26-5G-91

¢ "ON "I'H'I
MZ6-S5-ve

¢ *oN deg Asauey
MZ6-SS-¥2 ‘M16-55-61
2 ‘oN deg Aaauey
MZ6-SG-€¢
opLs3sey
M68-SL-8
puouwelg

(y¥-1-99§) uoLies0q
aweN (L3N 4o BuLy

*€ 398l xipuaddy

yie
3 ¥4
144
Ti¢
012

60¢

80¢
L02

90¢
§0¢
¥02
€0¢
20¢
10¢

002
661
861

961
S61
v61

“oN
dey

66



I1

11
11
11
II

11

11
11°gd
ANII

99

99

A9 vy

99

99
(ATD*N“a“A)ncep
Mmba

n‘eea
(nWeroni4a) ‘s
(34)°n‘ceca
neeee

(WD) *n*rea

A

n‘eea

() nwire
(mndrrt44)°s
(o'w)‘ee

S°1

VAH
VAH
VAH
VAH
VAH
YAH
YAH
YAH
VAH
VAH
VAH
JAH
JAH
JAH
JAH
JAH
JAH
YAH
JAH
8AH
AH
JAH
JAH
JAH

es

JAH
AH
9AH
9AH

00541
0Lp pT
0TL b1
0L5° b1
0ES ¥1
0€6°¥1
016 ¥1
009°¢1
095 t1
0€9°v1
06% 1
0/9°21
069°21
0LL°21
0r5°21
068°21
056°21
2R At
088°¢1
018°¢T
068°€1
050°21
08221
02221
0¥0°ST

085°21
00§°€T
025°€1
061°€T

08E°€T  [°0 L2 2L 626
00L°€T L0 82 6"y 0" 18
0S6°€T  9'¢p g2z 6y 0°¥s
08v°cT  8°0 L2 07L 0°¥S
00L°€T  °0 8°2 LA cTys
Ov6°ET  9°0 81 19 6°¥S
0L9°€T  §°0 6°1 Ll 9°%5
062°€T  L°0 £'2 £ 6°1¢
022°€T  7°0 £z 9°8 0°18
0SEET 970 £z 1’8 Lres
02€°ET 570 8°2 9°L 0°€S
021°21  t°0 6°6 vy £°25
091°21  $°0 6°6 2 1°€§
05221  ¢°0 56 188 v°2s
0v6° 1T t°0 £°01 8"y §°16
052°21  §°0 v°8 6°Yy 2725
0€E°2T %70 €1 Ly 1°29
0SE‘ET  §°0 5'¢ €S 876§
002°ZT  t°0 7°6 €78 ERYAY
0T0°€T  §°0 £y G'§ 0°€S
020°€T  S°*0 Gy 6°5 v°95
0€E 1T 1°1 621 179 L°1§
(132 SR 2°11 2°9 9°2§
0SS°1T  £°0 6°11 LS AR
0S6°€T  8°0 1 17 9°28
ALNNOD NOSINNND
0Py 1T 6°0 v°8 1°6 v°€S
08221  ¥°0 1°5 L*8 L76Y
01921  §°1 0¥ €9 8729
02021 870 €8 8’8 6°15

FELGR]
29pJIARSIW ‘7

FELGR]
IPUIARSIK *
J3M0T
apuaanesay *7
49MO
apJaARSay *7]
49M0
apJdaAesay *7
A3M07)
9pJaaARSIy *7

19M0 ]
apJaaesay *7
43M07]
apJdanesay *7
J43MO
apJdaAesay *q

(.¥s¢) 1
SPUDARSIY
(.80%) 13
9pPJUIARSIY
(,56€) 3
APUDIARSIY

3
dpJaAresay

(.Sp¥) 3
apJaARSaY
2 "ON
apJaAessy 7
ve coN
8pJUdARSDY
2 °ON
SpUIARSI
nJu deog
apJaAessy
2 "ON
apJdaneSa)
2 °ON
IPADARSIY

"ON uiMplEg ‘7

apJaAresay

apuaaresay

3
apUanesay

sbpLy Auung

404 sSwelLi|LM

a2y
SpUIARSIY 1
spesied
Plaljiey <1y

M68-SET-1¢
12-81# °H*Q

abeuasany

€2-12# "H°Q
M68-SET-E2
£2-LT# “H°Q
M68-S€1-22
¢e-S1# °"H°Q
M68-SET-T1
TT-€1# °H°Q
M68~SET-0T
0T-21# °H'C

abeusny

6-11# °"H*Q
M68-SET1-6
6-8# "H*Q
M68-SET-91
91-9# *H°Q

abedany
g€e-2# °"H'Q

£e-1# "H'Q
MO6-SET-£€
£€-G# “H'Q
MO6-SH1-0T
0T-%# *H°Q
MO6-StT-P
v-€# *H°Q
M98-SHT-€
33ing pe1s34)
M98-SHI-11
Aaying
M98-SHT-v1
2 *ON A3|yong
M06-SET-6
43¢
M98-SST-81° /1T
ARG uLMp|eg
M98-SGT1-8°¢
uimpleg
M98-SGT-81°/1°,
sutd|y
M98-SET-€EIN ‘8215
(swey o)

MO6-S9-¥T1°G1
300 |waz
M26-S5-¥2
abply Auung
M68-SL-vEMN
b1 ung
MZ01-S8-2TMS
uoue) 3A03S

9€2

S€¢
vEe
€ee
[4%7

1€¢
0€e

622
8¢¢
Lee

522
¥ee
€de
(12
Tee
022
612

81¢
L1¢
91¢

67


http://toC.LOC.LOC.LOC_

(b)Y n aee99‘yy
(W)*neea
(W'44)“n‘eeca
nrea
(d)*nrea
n‘ee
(44)“nrea
Mo Aca

re‘a

{99 vy) “S uN
(n)a
(MEAD4d)'n‘Iee
ba

]

o

(44)‘n*wee

11

11

11

11

11

994n0g

JAH
JMH
ue

ue

0°2-5"T  8AH
2 gAH

36T 8AH
0°2-5"T  4AH
JAH

IAH

IAH

IAH

es

yqns

9 €0°2-0°1  8AH
S°€  9AH
0°%-G'1  9AH
es

aAH

es

0°€-§°1 GAH

YAH
YAH
VAH
VAR
YAH
ojuj
AR

*(*1NQD) OPe4o(0) ‘uolBad 20D BIULA SYI UL S3A0D [POD puR SAULW 3AL3RIUISIAIDL JO4 BIEp

8°09
9°69
26
2 96

%
JWWa
34

02921
0LLf2T
0G1°GT
05161

0¥9°el
09L°¢1
025°€T
oS el
01521
0ys et
06L°21
AN
0€8°t1
09601
0¥8°€T
00S°€T
008°€1
0TT1°GT
022°¢1
0v1°S1
089°¢1T
088°¥1
02L %1
06%°¥1
066°¥1
08L°41

AWWN
nig

080°2T 60 ¥°6 £y €15 y°8¢
0L1°21 01 19 G £°96 2°6¢
0GL°€T  L°0 29 6°8 S'vg 2°2
0SL°€T L0 2*9 6°8 G t8 22
(paAL8d94 39K j0uU S3|NS3Y)
098°2T 970 0°9 9°g 9°€§ 8" 0%
018°2T 90 v°S ['9 8726 )
0T6°2T  §°0 69 vy AT AR LY
005°2T1 G0 0°9 e £°25 g0t
008°1T 970 ¥°01 86 0°€S FARY
026°1T 970 L6 0°S 1°0% 6 vy
088°T1 %0 6°8 1°1 9°¢gg £°6€
059°IT  9°0 S°01 69 €25 IARN
066°€T  [*0 £°¢ £°§ 5708 AR A
05T°0T  T1°1 §°81 78 G 16 "0t
0L0°€ET 970 16 v°s £°95 €8¢
0L0°ET  9°0 £t v L°9§ 8°6¢
00T°€T G0 €°g 6t 1°vS 0°1¥
096°€T 970 €2 0°L 1°68 6°L
02921 §°0 £ L vy 2°89 voie
0E29T L0 8¢ §°g L°¥8 876
019°2T  §°0 9°g 9*L ANA AL
09.°€T  8°0 8°1 6°9 0°€§ 1°0%
0SL°€ET 90 1°2 19 v°6S 5°8¢
0S.°T1  £°0 L2 6°L1 0°€y 1°6¢
ore‘zt  z'1 A Loyl 89y 5°8¢
0LL°ET  ¥°0 52 €9 275 G°6¢
(*1NOD) ALNNOO NOSINNND
q 9 % % %
— uw>mwowm.wm~os 453 m_mmmmﬂgo HA

M68-S¥1-v¢€

apJUaARSIY 99 °*ON 323dsoudq
M68-SP1-L2
9puUBARSDY gy9 *oN 323dsouy
sbedany
auuakayy
9pJBARSIY 30RJUOH
an M98-SE1-82
3pJA3ARSIY jnuesy
abeuany
T "ON J3AL1Q
ER( M06-SET-0T3S
apuIARSAY € "ON J43ALLQ
E] MO6-SET-0T3S
apJaARSIY Z 'ON J3ALLO
FERC] M98-SGT1-91
apJdaAeSay *1 2 “ON 3@d4) 0LyQ
431 qny M98-SG1-G1
9pJdARSAY 7 1 *ON ¥334) otyp
J91qny ‘z coN M98-SGT1-G
apJUsARSDY Z °"ON dULW-NN
Jaqny M98-SGI-91°6
B8pudARSIY * 1 *ON QuLl-ny
an M68-SS1-6
apuaaAaesal [0/#]108dS0ud S, AL3SON
an Mi8-SST-9€3N
9pUBARSIY ANULH
4 M06-SE€T-21
apdanesap [¢ *ON]ISOM 1SON S,dMBH
3 MO6-SET-T1
9pUBARSIY RLUORY 1S3 159N S, yMEYH
3 MO6-SET-2T 11
3pJU3ARSIY BLUDEY 1S3N S, 3MeH
an M88-S11-02
BpUIARSIK °f 433U3y
an M06-SET-21
opJdARSAK uosnbaaq
aJdoysasien M98-SET-YEMS
apuanesay ULeIUNOKW Y3
% 8 MO6-SET-LT3N
BpUBARSIY SpJURMP]
43M07 M68-SET1-€
apJaAesSay °7 €-L[2# "H'Q
43M07 M68-SET-t1
SPpUBARSIK °1 1-G2# “H°Q
43M07 M68-SET1-L
9PpU3ARSIK 7 L-%e# "H'Q
J4aM07 M68-SET-¥1
9pUA3ARSIK °7 v-€2# "H°Q
J4amon M68-SET-G1
9pJaARSIK T G1-02# °"H°Q

yidag 40 (s)pag

{(Y4-1-93S) uoir3es0
fuoLjewao4

SWEeN [L3M 40 auly

sasAieue [RO) ‘g 3|qe] XLpuaddy

6G¢
8G¢

1§52

95¢
§5¢
VAT
€62
¢52
16¢
0S¢
6b¢
8ve
Lye
9be
124
e
3 74
e
e
ove
6€¢

8¢t¢
Lee

“oN
dey

68


http://t_c.-rai-raj-.i_
http://pi.pi

(44)n°reca

ba

nee‘a

b‘a

(' dieec4aa) s
(b34)‘nera

b a

(A 44) n W m“ee
b

(44)‘eee

(D) 'nWer*a

(D) *n‘Wiee‘a

0

(44)‘n‘ee
(Md)nreca

(44} n“rr‘a
(d)“n‘cefa

(b)Y nee

(d)nre
(b)‘n*re‘a

n‘eeca

refa

(MO N“44)“nWieeta
mba

neeca

(A n°D O N‘rrLT44) sta
A

(M A‘a) A
(d)ynrea

0°2-0°1

§°1-0"1

S°1-0°1

0°2-0°1

S°1

§°1-0°1

§°2-6°1

§°1-0°1

§°1-0°1

0°%-6°1

4AH
9AH
JMH
JAH
9AH
g9AH
JAH
9AH
aArH
JAH

g9AH
8AH
9AH
8AH

4AH

JMH
JAH
grH
gAH
JMH
gAH
JAH

4AH

YAH
es

ue

VAH

0z el
081°€1
088°21
086°21
0LE°ET
0Lg €T
066°21
ove el
000°¢1
0LL21
09€°€T
020°€T
060°€T
000°€T
000°€T
00t €T
0Tv el
0v9°21
06%°21
0£0°€T
0/2¢t1
01621
0Leel
oev 21
000°€T

0/2°¥1
0v6° ¥1
012°61
005°t1

0€L 11
1) ZARA
028°11
06L°11
059°11
0£9°T1
050°21
000°21
09221
05.°01
ogezt
obLeTT
09z°21
0021
0ip 11
09y°21
06 11
08%°11
0ET 11
oot‘er
ooz ezt
op2 11
006°11
00T°11
0¥ 11

0€T€l
091 %1
0GL°€1
016°¢1

8°0 7L ¢ 1T L6Y
L°0 6°L 1°L §°¢S
L°0 9°6 €°8 L°1§
L0 0°L 0°6 6°16
9°0 G5°g R 0°06§
€1 9°9 ¥eel ¥ 8Y
L°0 G°6 €71 ves
6°0 8L €°6 £°0§
€1 L°6 9°g £°696
8°0 176 0791 £°6¥
L°1 €L V'L 8°29
9°0 5°8 86 §°19
0°1 v €°9 S°bS
9°0 '8 9°8 6°16
L°0 0°8 L°11 6°6Y
9°0 L°1 6°9 ¢ €S
€1 1°9 L°01 €709
8°0 0°01 £°6 0°19
8°0 9°0T AR €709
€1 2°6 v L §°L9
1°0 9/ 0°8 2°€s
671 ¥°6 6°¢l 6°LY
9°0 99 80T 218
8°0 ARA "1t 2709
8°0 28 "1t 6°6%
ALNNOD VS3W
9°0 g€ L G°€S
L°0 21 8°v v°s8
0°1 0°1 1°6 0°¥8
S°0 €2 €79 €°LS

oawe)
9pUBALSBY W
apest|eg
plaliuen W
apested
pLatidey 34 *7
apest|ed
P19Lli4Rg "N
o’3we)
pPiaLiden 3y
apest|eg
9pUdARSIY ]
oswe)
pioljaey “1W
apested
9puaAeSdY 7
2SS 43MOT
9pUaARSOY
apest|eg
plaiidry "1y
apesLieg
3pABARSIK 7
odwe?)
PLaiidey *Iy
oauwe)
9pJ4ARSIY
apestiey
PLBL4IRY *IW °f1
oawes
PLLJIRY “IW °(
apesi|ed
pPlaljJdey 3N *7
apesi|ed
PLatjary W °7
apesi|ed
apJaAesay *q
apest|ed
apudARSIY 7
oduen
Plai4dey *q4 *7
oauwe?
PL3L3dRY *IW "7
URU0DU0)
pPlaLidey *3W "7
oawen
PloLjdey 3
oauwe)
platjdey *34
oswe)
9puasARSIK *W

n

3¢g 39s4dUW0S
9pUIARSIY
€% 2 'ON
ap4dARSAY

opJ4dARSEY

491qny
apJaaAesay

M86-STT-Z3INMN
JabuLp
M66~SOT-LMN
SWeL|[LM
MOOT-S6-G€3S
SEWOY |
3T-NT-0T13S
ERIRVELS
M86-S0T1-v£3S
apispeoy
M86-STT-¢
SadWJR{ IPLSJBALY
M66-S01-93S
320083q
M86-STT-¥3S
opesiieq
MIOTI-S8-6¢
Juabny
M66-S0T-/LMN
YOURUOW
M86-STT-TIMN
MOJUY PaY 3ISOMpLy
MO0T1-S6-G13S
A3 [ULgDy
MI01-S8-12
(ssoupg) [31y
MOOT-S6-8MN
apean-Ay
MOOT-S6-GMS
Jd3juny
MOOT~S6-GMS
24NSEAU] UIPPLYH
MOOT-S6-9EMS
Lenjny osseus
M86-STT-9MN
1J4BY4RIY
M86-ST11-9°G3S
plotidey
MTI01-58-0£°62
BuLaeay suauwde4
MO0T-S6-9¢€
2 % 1 Leniny sdawdeq
MTIOT-S8-8IMS
yaLng [e0)
M86-S0T-vE €82 /2
oawe)
R66-S0T-8MS
34L1J yoog
M86-ST1-23S
swe|4 an|g

M06-S£1-8°1
19S43W0S
M98-SET-£1
(LLH) uitus
Mi8-S$1-91
23loedyquy-Aqny
M98-SH1-2€
:ovam:u_z

88¢
L8¢
98¢
68¢
¥8¢
£8¢
28¢
182
082
6L¢
8.2
LLe
9/¢
Si¢
vie
€le

112
0L¢
69¢
89¢
L9¢
992
G9¢
¥9¢

€9¢
29¢
19¢

69



nda
nee

b1
b‘o4°a
b‘o‘a

b

nd

n‘ee
Mb*0t4a

neweee
n‘ueee
nWeee

(n)*mda

(n)‘s‘a

(n°W Q) ‘A

(W)‘n‘eeta

b

(M n D wWere o) s X'y
nweee

n‘eefa

3%4n0g

JAH
JrH
JAH
JAH
JAH
JAH
JAH
3 JAH
JAH

0°8-0"L YAH
0°8 YAH
0°6-0"¢ YAH

VAR
AW
206 AR
0°6 AW
VAR
20°6 AW
AW
0°¢ YAH
JAH
yqns

OJUTl
‘que)  juey
1S4 +ddy

"9
v°L9
5°99

6°29
¥°9L
8¢l
8°G¢
9719
vese
0° %L
0°6S

AWKA
NE|

|P0D puB S3uUlw dALIRIUDSBUCDA U0} PIBP SBSA|BUER |RO)

0€2°21
0£6°11
062°21
09S°T1
091°21
0€9°11
00z2°21
05611
06221

020°ST
012°sT
066°¥T

0LL°p1
0v8°s1
029°S1
082°G1
061°G1
0§1°61
0EV° ST
0L2 %1

0/8°11
0Eb 11

MWW
n1g

(112500 & SRR 6°11 974 8°bs 9° L€
0S¥°1T 970 1°¢1 9"y 9°26 8 ey
085°TT 60 121 0°9 v°95 9°.¢
06L°0T £°0 vre1 0°L 6°8Y ' t¥
06£°TT  t°0 JARA L°9 2°25 "1y
0£6°0T  6°0 §°¢1 v°9 €55 €8¢
0LE°TT 60 0°11 0°L L'6v €'ty
ITA0 & SEAL 9721 1"t 2°1§ L1y
02211 §°0 8°01 0°6 2°6y 81
ALNNOD DINY1S OIY
0S.°€T L0 0°¢ 6°L ¥°85 L°€E
022°€1 11 1°¢ AN 278§ 562
060°€T 01 9'¢ 0°21 9°L5 §°0¢
019°€T 970 2°¢ voL L°1§ 6°ve
02S°v1  8°0 0°¢ 8L 9769 9°22
08Y°¥T  9°0 120! L9 ¥°89 8 92
0¥6°€T L0 0y €8 L°89  0°€2
0S€°%¥T  9°0 £°2 1°g L€y z°ig
009°€ET L0 AL L6 2° L9 1°ge
089°¥T 670 0¥ 9y 1°0L €52
0E0‘ET 60 €°¢ €°8 9°¢g 1°8¢
ALNNOD NINLId
09€°1IT  G°0 LARA vy 2°0§ y°5v
0980T  ¥°0 (A2t v°S 1°6¢ G°6¢
“ALNNQD LY40W
% % % % % %
nig 'S *1SLOW ysy 24 WA
paALadaYy-SYy siseg AJ4g

y894) LNy NS
Sl *n
neualy
4404 Sweli[lM
pJe[lod PLO
S3L1 °n
Kaswobiuoy
3404 SWeL][LM
p4eilod PLO
SaLT *N
n
4404 SWRLILLM
platjareyd
s3]
an
¥d04 SWeL|[LM
38849 ANy NS
S3LI *N

aulLysung
apJ4aAesay *n
8y
apJddAeRSIY *7
a4y

S9pUBARSIY ] % °n
auLysung ‘uosJdapuy
‘uslly ‘9 ‘g ‘y
apJaaesay *71 % °n

9
9PJIBARSIY 7
33849 Yo1ng
SpJdARS3Y 7
e}
apJdaAesay 7
an
9pJaARSIY *7
g
apJaAresay 7
4
IpJdaAesap 7
a‘y
SPUBARSIK *7

E:F—ou
§404 SWeL[[LM

4-VEACX
404 SWRL[|LM

yidag Jo (s)pag

fuoL3eWwao 4

*(*INDD) opeuo(0) ‘uotbas |BOD BIULA BY} UL S3U0D

*g @iqe) xlpuaddy

Mp6-NI-€
A984) 4Ny NS
ME6-NZ-623S
1 °*ON neusLy

Mb6-NT-22°12°S1

pJ4EL10d
MPE-NT-62HN
Kaawob juop
My6-N1-82°22
FEFEE
ME6-NZ-0TMS
URWSUO 4
M¥6-NT-8ZHS
plotisLey
ME6-NE-EEMN
jyeadls anig
My6-NT-GTMN
puouweLg 3oe|g

M68-S8-¥€

€ °*ON Y2349 uosdwoy)

M68-S8-GEMN

Z °ON 33349 uosduwoy}]

M68-58-G€“p¢

1 *ON ¥@d4) uosdwoy)

M68-58-22
yang Buradsg

M68-S01-8

pooM *§° 1]
M68-SOT-LTIMS

*ON %3349 ud1ng

M68-S0T-£13S

“oN 9343 4d21ng

M88-ST1-9
1134409
M68-S0T-9°GMS
uiseg (eo)
M68-S0T-123S
y934) Jeag
M68-S8-/2°G1
yoa|ng uadsy

MEE-NE-GT MS
sawep

ME6-NE-6 b c 2

0AmM0 109

{(Y4-1-29S) uoLriedoq
BWEN |[3M 40 BuLy

1) £
60¢
80¢
L0€
90¢
S0€
yoe
£0¢
20¢

10¢
0o¢
66¢

862
l6¢
962
562
v6¢
€62
262

06¢
682

-op
dey

70



b o*a
nwee
b*o“4°0

IAH
vqns

6°1LS
L°8S
£°€S

080°21
0Se°11

091 11
009°01

S0

8°0

8°Cl
01
LR

an
A404 SWe L[t
an
3pJ4BARSIY ||
uossap
Fdo4 swel(ip

MZ6-NE-62
UoS | LM €1¢

MTOT-NZ-TIMN
JBALY dILUM 21¢

MZ6-N2-0¢
UOSSOapM 11¢

71



APPENDIX REFERENCES [SOURCES]I

Allen, R.R., 1964,

American Society for Testing and
Materials, 1975,

Boley, C.C., Fegley, M.M., Porter, R.B.,
and Boteler, D.C., 1972.

Boreck, D.L., and Murray, D.K., 1979.

Brown, R.L., Davis, J.D., Reynolds, D.A.,
and Smith, F.W., 1954,

Campbell, M.R., 1912,
Collins, B.A., 1976,
Danilchik, W., 1978.
Deurbrouck, A.W., 1970.
Eager, G.P., 1979.
E1lis, R.W., 1936,

Fasset, J.E., and Hinds, J.S., 1971.
Fender, H.B., and Murray, D.K., 1978.

Fieldner, A.C., Selvig, W.A., and Paul,
J.W., 1922,

Fieldner, A.C., Smith, H.I., Fay, A.H.,
and Sanford, Samuel, 1914.

Fieldner, A.C., Smith, H.I., Paul, J.W.,
and Sanford, Samuel, 1918,

George, R.D., Denny, E.H., Young, W.H.,
Snyder, N.H., Fieldner, A.C., Cooper,
H.M., and Abernathy, R.F., 1937.

Goolsby, S.M., and Reade, N.B.S., 1978.

Goolsby, S.M., Reade, N.B.S., and Murray,
D.K., 1979.

Haines, D.V., 1978.

72

u.

AA.

BB.
cc.

DD.
EE.
FF.
GG.

HH.

IT.

Jd.
KK.

LL.

Jones, D.C., and Murray, D.K., 1977.
Lee, W.T., 1912.
Lord, N.W., 1913.

Ortuglio, C., Walters, J.G., and Krobot,
W.L., 1975.

Pennsylvania State University Coal
Research Section, 1978.

Pope, G.S., 1916.
Reynolds, D.A., Davis, J.D., Brewer, R.E.,

Ode, W.H., Wolfson, D.E., and Birge,
G.W., 1946.

Selvig, W.A., and Ode, W.H., 1957,

Shomaker, J.W., Beaumont, E.C., and
Kottlowski, F.E., 1971.

Shomaker, J.W., and Holt, R.D., 1973.
Shomaker, J.W., and Whyte, M.R., 1977.
Snyder, N.H., and Aresco, S.J., 1953.
Toenges, A.L., Dowd, J.J., Turnbull, L.A.,

Davis, J.D., Smith, H.L., and Johnson,
V.H., 1949.

Toenges, A.L., Turnbull, L.A., Davis,
J.D., and Reynolds, D.A., 1947.

Toenges, A.L., Turnbull. L.A., Davis,

J.D., Reynolds, D.A., Parks, B.C.,

Cooper, H.W., and Abernathy, R.F.,
1952.

U.S. Bureau of Mines, 1973, 1976.

Walters, J.G., Ode, W.H., and Spinetti,
L., 1963.

Woodruff, E.G., 1912.



COLORADO GEOLOGICAL SURVEY COLORADO GEOLOGICAL SURVEY

DEPT. OF NATURAL RESOURCES RESOURCE SERIES 7
JOHN W. ROLD, DIRECTOR PLATE 1 OF 3
e m— COLORADO GEOLOGICAL SURVEY
EXPLANATION RESOURCE SERIES 7
T Tertiary { Raton Formation - Arkosic sandstone,
27 TKR siltstone, shale, and coal beds |
Cretaceous Kv Vermejo Formation - Shale, sandstone,
and major coal beds
Tertiary intrusive igneous rocks COAL RESOURCE EVALUATION MAPS
Tertiary dikes and sills
T .
28 Regi i
s U OF THE RATON MESA COAL REGION,
Sample location and number
| Heat-flow contour line SOUTH b CENTRAL COLORADO
Heat-flow units (Hfu)
”
29 |}
: i Compiled by
S. M. GOOLSBY, N. S. READE, and D. K. MURRAY
SCALE 1:250 000
X E')__—l e . E 5'““ 1=0 MILES
30 5 0 ) 10 KILOMETERS
S e R e e e
DATUM IS MEAN SEA LEVEL
. D
31 INDEX MAP
. DEPARTMENT OF NATURAL RESOURCES
777777 COLORADO GEOLOGICAL SURVEY
T DENVER, COLORADO
352 1979
Drafted by
:;Ta M. V. PERSICHETTI
s
S. J. SOUKUP
¢
34
s
T P s b f T S [rrmar et
35 ,‘;‘V' Q) Iy I
S w 41N\ '
R6OW RG8W R67TW R66W RE3W R62W R61W
(Heat - flow data after Reiter and others, 1975; Barrett and others, 1976) (Geology adopted from Johnson, 1969)
. e i L L L L &
MAP A - COAL SAMPLE LOCATION AND HEAT FLOW MAP OF THE RATON MESA COAL REGION
‘ S EXPLANATION f EXPLANATION
i | \| . Tertiary { Raton Formation - Arkosic sandstone, i gl ‘ . ” ¢ Tertiary { Socss Raton Formation - Arkosic sandstone,
Y I | TKR siltstone, shale, and coal beds s |ah Iz s Bt siltstone, shale, and coal beds
Wk Ii Cretaceous Kv Vermejo Formation - Shale, sandstone, ot o SESERCECIN Kv Vermejo Formation - Shale, sandstone,
NS and major coal beds and major coal beds
Tertiary intrusive igneous rocks Tertiary intrusive igneous rocks
4 W% Tertiary dikes and sills Tertiary dikes and sills
T
% —me Region outline Region outline
[ ] Sample location | Sample location
Example Coal Data Information I Coal Data Information
60.0 60.0 = Dr_‘y—minera1-matter-free 0.7 = Sulfur, as received
¥ wi—g% 15,000 fixed carbon SGiov ek i ashs
";9 ’ 15,000 = Calorific value in
!" 58.1 British thermal units
VR e
\ “Ta140
: SCALE 1:250 000 SCALE 1:250 000
T ?;:( — __..___0 e 777%_,,,7 ——— }“0 MILES Er>,——1_':'_":'. i :—r,,,io,,f*' T = ?__:'.':_“_';:";L_':__':_ _:1_:0 s
330 Kv ?‘qu[ig? b IDRILOMETERS 5F——L'_l'—'i l——-(i) - 777757777”7”730 KILOMETERS
Gs . I;)ATLJVM IS MEAN SEA IFVFI - e E e
31; INDEX MAP INDEX MAP
s
T
32
S
T
33
S
T
34
s
T
35
5 l
R69W RGBW R67W RG66W R63 W R62 W RE61W R63 W R62 W R61W
(Geology adopted from Johnson, 1969) (Geology adopted from Johnson,1969)
— RN i ' - e a— J

MAP B - COAL RANK MAP OF THE RATON MESA COAL REGION MAP C - COAL SULFUR AND ASH MAP OF THE RATON MESA COAL REGION



COLORADO GEOLOGICAL SURVEY
DEPT. OF NATURAL RESOURCES
JOHN W. ROLD, DIRECTOR

EXPLANATION
New Mexico Colorado
Kkf Kkf
: w
=
o
o Kmyv
=
o Kmp
3] Kmf
Kdb Kdb

Kkf - Kirtland Shale and Fruitland Formation--Shale,
sandstone, and major coal beds

Kmf- Menefee Formation--sandstone, shale, and major
coal beds

Kmp - Menefee Formation and Point Lookout Sandstone

Kmv - Mesaverde Group, undivided - Sandstone, shale,
and coal

Kdb- Dakota Sandstone and Burro Canyon Formation,
Sandstone, shale, conglomerate, and coal beds

SCALE 1:500 000
10 0 10 20 MILES

10 0 10 20 KILOMETERS

Jurassic and older rocks
Tertiary intrusive igneous rocks
Tertiary dikes

Region outline

Sample location and number
Heat-flow contour line

Heat-flow units (Hfu)

=z

(Heat -

INDEX MAP

o 2R zey

W

Zo
5

Z8-

Z 8-

©,
=

z28-

e

. Colorado

New Mexico.

« Blue Hill

\——--iShiprock

| )= | ) ! -

i arnus Knickerbocker

Peaks

1441m =159

B lejead |

=156

., s ol ) b — w%

flow data from Barrett and others, 1976)

R21W

R20W R19 W R18 W R17T W

R16 W R15 W R14W R13W R12 W R11 W R10 W

Row

R8 W R7 W R6 W R5W R4 w

R2w

R1W

R1E

(Geology adopted from Dane and
Bachman,1965; and Tweto, 1976)

|l

—

MAP A - COAL SAMPLE LOCATION AND HEAT FLOW MAP OF THE SAN JUAN RIVER COAL REGION

EXPLANATION
New Mexico Colorado
Kkf Kkf
]
=1
o
m Kmv
©
° Kmp
O Kmf
Kdb Kdb

Kkf - Kirtland Shale and Fruitland Formation--Shale,
sandstone, and major coal beds

Kmf- Menefee Formation--sandstone, shale, and major
coal beds

Kmp- Menefee Formation and Point Lookout Sandstone

Kmv - Mesaverde Group, undivided - Sandstone, shale,
and coal

Kdb- Dakota Sandstone and Burro Canyon Formation,
Sandstone, shale, conglomerate, and coal beds

SCALE 1:500000
10 d ] 10 20 MILES

10 [¢] 10 20 KILOMETERS

108

Jurassic and older rocks
Tertiary intrusive igneous rocks
Tertiary dikes

Region outline

\\I.l...
= Sample location
Example Coal Data Information
60.0 60.0 = Dry-mineral-matter-free
15,000 fixed carbon

15,000 = Calorific value in
British thermal units

—

INDEX MAP

o \w'n . _Colorado

New Mexico

56.5

12,820
3710 T

e
14,350

65.7 M
14790 79

5
1570/ 4

Fopilote | 14770

Y

560 4 =

.ﬂ.‘

U

R21wW

R20W R19 w R18 W R17 W

R16 W R15 W R14W R13 W R12 W R11 W R10 W

R8WwW R7W R6 W R5W R4 W

R3WwW

R2w

R1W

R1E

(Geology adopted from Dane and
Bachman, 1965; and Tweto, 1976)

MAP B - COAL RANK MAP OF THE SAN

JUAN RIVER COAL REGION

R101W R100W

R9SW

g
|

w

EXPLANATION

Dakota Sandstone and Burro
Kdb Canyon Formation - Sandstone,
shale, conglomerate, and

coal beds

Cretaceous

i " 10-= Sample Tocation and number

J Example Coal Data Information

.0 | 15,000 60.0 = Dry-mineral-matter-
111.0 free fixed carbon

s s | 15900 15,000 = nm@owAw¢n value m:.
14]120 | British thermal units

0.7 = Sulfur, as received

11.0 = Ash, dry basis

R16W R15W

R14 W

== 2|
INDEX MAP
SCALE 1:500 000
10 0 10 20 MILES
10 (o] 10 20 KILOMETERS
. _
DATUM IS MEAN SEA LEVEL
R13W R12W (Geology adopted from Tweto, 1976)

MAP D - COAL RESOURCE EVALUATION MAP
OF THE NUCLA-NATURITA COAL AREA

COLORADO GEOLOGICAL SURVEY
RESOURCE SERIES 7
PLATE 2 OF 3

COLORADO GEOLOGICAL SURVEY

RESOURCE SERIES 7

COAL RESOURCE EVALUATION MAPS
OF THE
SAN JUAN RIVER COAL REGION,
SOUTHWESTERN COLORADO
AND
NORTHWESTERN NEW MEXICO

Compiled by

S. M. GOOLSBY, N. S. READE, and D. K. MURRAY

DEPARTMENT OF NATURAL RESOURCES
COLORADO GEOLOGICAL SURVEY
DENVER, COLORADO
1979

Drafted by
M. V. PERSICHETTI
S. J. SOUKUP

EXPLANATION
New Mexico Colorado Kkf - Kirtland Shale and Fruitland Formation--Shale, Jurassic and older rocks
el o — sandstone, and major coal beds ?
Tertiary intrusive igneous rocks
Kkf K kf Kmf- Menefee Formation--sandstone, shale, and major
coal beds Tertiary dikes
Kmp - Menefee Formation and Point Lookout Sandstone —_—~  RediGuscEEGe
-
Kmv - Mesaverde Group, undivided - Sandstone, shale, w Sample location
® and coal
3 Example  Coal Data Information
S Kmv Kdb- Dakota Sandstone and Burro Canyon Formation,
.m Kmp Sandstone, shale, conglomerate, and coal beds 0.7 0.7 = Sulfur, as received
- 11.0
K
__ 3 . 11.0 = Ash, dry basis INDES MAR
SCALE 1:500 000
H,o (0] 10 20 MILES IZI
Kdb Kdb T
10 : 0 10 20 KILOMETERS
DATUM IS MEAN SEA LEVEL
W RI7W: | | . ; :

R19 W Pisw

w
@ 1)
z;}_‘q Z2- Z::—l

N

. _Colorado

T New Mexico
32
| N
i
A
N
T
30
N

ey e il == = —_—— = =
37 m W
N — :

_RIBW

R 34 JKm
94
0

.6
63— a8

07

53
1.2

.1

6
07

rne. Knickerbocker
. Pgaks |
0.7

— i (s 2 Flora Yista |
9.1 0.6 i ” 184
T b ¢ R | W 3
(Geology adopted from Dane and
R21W R20wW R19 W R18 W R17 W R16 W R15 W R14W Ri13 W Ri12 W R11 W R10 W Ro9wW R8 W R7W R6 W R5W R4 W R3WwW R2W R1W R1E Bachman, 1965: and Tweto, 1976)

MAP C - COAL SULFUR AND ASH MAP OF THE SAN JUAN RIVER COAL REGION




COLORADO GEOLOGICAL SURVEY COLORADO GEOLOGICAL SURVEY
RESOURCE SERIES 7

DEPT. OF NATURAL RESOURCES
JOHN W. ROLD, DIRECTOR PLATE 3 OF 3

| ! R YT SRR M\
| o T ————— COLORADO GEOLOGICAL SURVEY
| . R104 W . R103 W R102W R101W R 100 W R 99 W R98 W RO7 W R 96 W RO5W R84 W RO93W R92W EXPLANATION
| N ' ' T RESOURCE SERIES 7
| 4 Kmuv Kw
| g Kmv
a Ki Kmgs
I ® Kmvl
| .
N 3}
T Kmv- Mesaverde Formation, undivided--Major coal beds in CO O C O
i lower part; Rollins Sandstone Member at base in AL RES UR E EVALUATI N MAPS
Delta, Gunnison, and Pitkin Counties :
T Mesaverde Group or Formation OF THE UINTA COAL REGION,
2
N v .
Kmvu - Upper part--In Moffat and Rio Biagco Cgunt1es,
sandstone, shale, and coal beds above Sego O S C( ’ O ( )
Sandstone, Along Grand Hogback south of Co]orado N RTHWE TERN L RAD
I River, sandstone and shale above coal-bearing
N sequence
Kmvl- Lower part--Sandstone, shale, and major coal beds
i Kw- Williams Fork Formation--Sandstone, shale, and : Compiled by
s = major coal beds
L
<
= Ki- Iles Formation--Sandstone and shale, Trout Creek
'g r‘f Sandstone Member' at top: coal beds in upper half S- M. GOOLSBY, N. S. READE, and D. K. MURRAY
s
s Kmgs~ Mount Garfield Formation and Sego Sandstone--
8 Sandstone and shales major coal beds in lower |
T 2 part of Mount Garfield
3 3 >
] 2 Tertiary intrusive igneous rocks
ale
_ 5 P Tertiary dikes
_“_ o I\:I Spring ‘ "
4 E P . Horse A g
s : n | ' ' ( f/j;‘__ l‘ i Lol | i ——  Region outline
eV o md] ! ) Rl 1 : i
T &‘ L = T ;._a_/_w___J | "9 a pRaTEPY : =10 Sample location and number
5 1 ? pbar it | [ ':
S £y g K, 217 " Heat-flow contour line
g f) el e ET
AR Dduglas Pass ! | oy * @" 'b\k\\ | L J_i
iz s ' i A R = o1 “I i Py - 2.0 Heat-flow units (Hfu)
q ookout Mtn | L o ] I, 1ST --w{r(}wumm"- PARAILLEL SOUTH ‘ : r 19? - lﬁﬂ_ _,:u. . e i DEPARTMENT OF NATURAL RESOURCES
6 [ [ 2 [ [ - S i — ‘”’"',',I‘!M' G dGise Mtn
g | el | \BRer-| O 193.(..,,..“ COLORADO GEOLOGICAL SURVEY
s R O AN ' U = : %f
‘ i ‘ _"/uf"*%f L | b DENVER, COLORADO
T | \\\ i | = v Bl | % | % | 4
; Gl T A7 | : 1979
. e | \ & ),,- | — — 7 | mvu |
| FHH Dgdn /)," ! ‘ |_._ i
| & e
| 1 - e e = _""'F“.::%“_:ﬁm - Kinva INDEX MAP Drafted by
i g , i v 7 = ‘
i e ,A_L!M i e _r}/i \ e ¢ | M. V. PERSICHETTI
g J s | { ‘ e
‘ Lo A TN L e RIVER |
‘«l/\« e~ Lﬂ__. | el S S = . o dwer Min | QH‘!':“‘J‘IIR M N S. J. SOUKUP
F-FIF-'I‘HI I‘ ity /[ Irl;{”‘mlm | e \ b ‘
Blkck Min l.‘?”(/ —-[ = j = Y- b (
A sl ’
T/ ’\?U‘m [ Sey Off el . g
! ‘ ‘: : | 0 ar n | 0 %
i ] ‘ | __Kv\'uluuu ’ 20 STANDARD |[PARALLES jﬁdum W‘o i ___,,\_‘
X Bl et N L e =
<j B, i :'.( -)\-li‘; =l /A”r Mith 7 A ‘li B g T l fre o m— 4 ! 30 = :.TEIE\:I!I-lIE“ Tn | ¥
1 : 7;!|w‘}'lj M!ri“k “ b 11
adn 1, !‘4 Mq_rnmh Paak S
244 ’ ‘ >,/!‘\Malm¢: Ik
L & | o Whitehouse ‘ il |
0 ..;;
‘7. ~ /"1"’.3- ok /Sll 1;2
« Lastle Pk
\\\ Jr\ : /
= N - | » Jeocall \;;‘H ¢ ‘_:w"“.‘” i
| [P i = | |
| T
| 13
; s
A Q"N
S 131/;135
SCALE 1:500 000 ) /J“”"“”.‘ )
20 MILES D 4= L 14
—— f ; B | . kement S
, | oy }'; (if\fj' : *-‘w"’w Min
_-20 KILOMETERS —;:”/,I— yHH}
DATUM IS MEAN SEA LEVEL ‘ 5 . _ B
‘ ! W Elk P ‘ et ~ 7
S 89 ; o X 37 ; ol / BA
L % I " J_ y '--—1_ | 3 -ﬂ, :--} : 1y = 2|
: «.._.;, ; el SN S
i | [ gﬂ'yt 4 uN A | . L 3 PN /} Himdnt F
(Geology adopted from Tweto, 1976) (Heat - flow data from Barrett and others, 1976) RI3IW R92W RO1W ROOW RBOW RB8BW R87W R86W RB5W ||
3 R104W  R103W  R102W  R101W R100W  ROSW RO8 W RO7 W R 96 W RO5W R94W R93W R92W EXPLANATION g R104W ; Ff“’”" R102W  R10IW R100W  ROOW Ro8 W RO7 W R 96 W ROSW R W RO3W Ro2wW EXPLANATION
1 S - : : ‘ . 5 ‘[ |
N N \ J A
4 Kmuv Kw 5 r . | M E Mitn 3 Kmuv Kw
o Kmv . 1 s 2 Kmyv
o Ki - Kmgs T et | @ Ki Kmgs
I E Kmvl \ 4 | E Kmuvl
N o N ‘ 3)
Brue Mot
T Kmv- Mesaverde Formation, undivided--Major coal beds in ; Kmv- Mesaverde Formation, undivided--Major coal beds in
N Tower part; Rollins Sandstone Member at base in N lower part; Rollins Sandstone Member at base in
Delta, Gunnison, and Pitkin Counties Delta, Gunnison, and Pitkin Counties
T Mesaverde Group or Formation | u Mesaverde Group or Formation
2
" ’ N g g
5 Kmvu - Upper part--In Moffat and Rio Blanco Counties, Kmvu -Upper part--In Moffat and Rio Blanco Counties,
sandstone, shale, and coal beds above Sego sandstone, shale, and coal beds above Sego
Sandstone, Along Grand Hogback south of Colorado Sandstone, Along Grand Hogback south of Colorado
L River, sandstone and shale above coal-bearing I River, sandstone and shale above coal-bearing
R sequence N sequence
(i g = Kmvi- Lower part--Sandstone, shale, and major coal beds Kmvl- Lower part--Sandstone, shale, and major coal beds
F? 54.7 o3l p i p
[ 1] ¥ 00 o “’H.I L .
T k ; “ i : - A =R \O el Kw- Williams Fork Formation--Sandstone, shale, and I M e L B e St Shale, A
s o, e T e 07 o SONGRL major coal beds s major coal beds
| 3 = . - ( Ki- Iles Formation--Sandstone and shale, Trout Creek I IR i o | ‘ Ki-  Iles Formation--Sandstone and shale, Trout Creek
. e Kmva | ' i gl A rth Sandstone Member at top; coal beds in upper half 2 i Kmvu \ al 4 e S Sandstone Member at top; coal beds in upper half
YAy 2 ' = LIy ||/~ ' | | E ] TR v
s : z | 2 _ s |/ | B ,. Toanr R R ) s T . ,
A \ 5 ( t N = z Kmgs- Mount Garfield Formation and Sego Sandstone-- s e i o | fif | u Kimgs~ Mount Barfield Formation and Sego Sandstone--
43 h @ \u ; e 2 Sandstone and shale; major coal beds in Tower T, % @ L v o Sandstone and shale; major coal beds in lower
== = B 5 5 T IR & il T | part Of Mount Gar‘fie1d T 7 ;’: \ fl ke part Of MOunt Garf_ie-ld
3 - | 9 ’;' &) \ : s -~ 3 ; | 7, | ‘;ﬂ’ ‘ .‘ [
g J / ) \ : & et & J Tertiary intrusive igneous rocks ; d S f ,_) 4 . N - Tertiary intrusive igneous rocks
‘ : ,’l v / — \ ’_.; ¥ s 5 ‘ j‘l ‘if 'J,‘ | | \ L r
R / > | ( ok Tertiary dikes i wa o ( i T o Tertiary dikes
T ; UA Spring < % } T N ‘l » U SpIing ‘ | J
B Min ¢ « / ; ’ 4 . M | L s 7 : :
P4 : H‘ ( f 1\( ".“J B - e | = 1 {,-‘ i Region outiine s AP ‘ ' { 5‘; 5 .] - o S SN I ———  Region outline
4 A s v) y s ok g 1 A R %ﬁl n Sample Tocation T | ‘ ) - S -——J | N BuAaTER " Sample location
5 d <§Q AT ’ \ ; ' ! 57.3% 5 i W] <€G{ .. , \ !
S R B L W 5 ) e Example Coal Data Information S H ,"'“"‘“-x\,w\ P g ‘ Example Coal Data Information
Baxt ‘r / \‘, Jdliglas Pass ‘| I o~ | i 59.0 5 %-._ (~. & SiQ.T 58,2 ¢ ‘ P'I!j“:é‘ /P/ ‘ T Ur'uuhu Pass ‘5":‘7«—1 C" A 1
il ) | et A R E | R T TSR0 /13600 60.0 60.0 = Dry-mineral-matter- B e o R B e 0.7 0.7 = Sulfur, as received
) B T N NN . " | rer iy | A 15,000 free fixed carbon ‘ | S 5 L% rigns s | 5.0
- ; 5T 5TANDARD FPARA E 260 H | 0. 12800/ m*%_”w T ; | sl ki i -y IST STANNBHRD PORALEEISOITE ‘ 11.0 = Ash, dry basis
"4 pn " | i 1 A 7\ = >0, / - Il : 8] | ¢ Mr i %
8 - Rifleizsee / /i Tagw /1 15,000 = Calorific value s pra ; &
R O AN @ 11\;}‘?":‘“'1&\\;/ al !;;:o _%;T ‘ Kmvu in.Br‘it'ish thermal
M -3 | M" =0 |—57.0 B 60.0 units I
N t o e 48 | 1 d 'y - T
; i Lattle ( 7 _}J
s (@) I S W
, P\ 117 \s 2
| L ild hondale ‘ Balr “r-
e AP ! | T T e T | ) ) J J T |
AT . | aATTLE s ‘I\\ = JL / | & ~[Top _‘,J, mENT  _ZETA L i ‘ mvu
i — 1-_””/"’*“”*““ |“ T ,‘E—_\'—-j —ﬂ| K INDEX MAP i ] g f“—ﬁ‘j " T Kewu INDEX MAP
rd - o / ———— A
. Horsa [Mtn 1 « Elk Mtn L A% 5 e [T T = Elk Mtn % B - T_!_
ESmmea . E T Ml T BTG E
57.6 ) , [ | N\ - 2 - \ g [
13,000 | ° B ; J ; oAl "—\\ /h RIVER \ T | . A P WHITE ‘ RIVE \?"\\ |
\‘1/\' Pt I | '7»_,__,‘L__,_’,‘ix—-'r‘“‘“”"—‘ 'HWI ':l'“"‘"k Mtn N piallies I‘K\:__."'_—'l\ | ——— o et L gl wer Mtn-—-%g— | d‘f:fff;?"rkM"' 1
e Platean oy ;‘ - e ;- |L PHA} Y i - —
“afei rT—— | = g7 /78 e - P A A T
I ! e 7__] Porter 15.150 | ___l PaTtar 56 9.7 i
{ ¢ Min 73.8 Mtn 05 - 0.6
) e 15620 oil wer u §
\ ‘Liinl..M_nMIu — ; }% I
20 STANDARD|[PARALLEE SQU 15“:& | , \ | h STANDARD [FARALLEESQUTH
" el aen 60.5 S0 L iBeap >~ : . . SIOIL R R TR
3l ,,/;:3:“" S ’5 535 R ——\?;?W_’T‘m I T //i: :s;,-s e | o
\ P Al ' ; 490 I, | 1 . 08 = ; .
P . ,_) 13,680 Electric NI '.\-e fi : ! 906 | 1, | N Murrmrﬁ Peak 151 f Ll | A i ’_J il Electric Nth! \14 E N Maroon Peak 151
L 584 578 R ~ V1810 o Ll L1 * o | AN il i 28 ! S Mo
== 14,270 | 14490 | W Gl ¢ raise 7 16 B B e \ / =X 7.5 OU8iat i Lot ¥ i (hn.
57.9 -5 57.‘ 78810 _-Kmv' e | T . e e ¢ -Graft Mes: 3 v 05 A 7 __-Kmv j}’/ 7—
_“?".490 14, I 58.9 -~ ___(i Sl 12 \171— Lr : X '; Ny & S‘ 1.2
J N 74,930 & ? . Castle Pk i s y 0.5 | 7 . 3 . Castle P 2 S
942 ™ R
e N = 15150, Teocalli Min . “:"”F'ﬂ P e SN o Lrystal |
A A ‘ '
15,040 T T
g |18 s )
Mg O N 7 G, N
Hutte . i
nj__]—i—:%i%l e P.:P].nfj.'_‘?rﬁ-
SCALE 1:500 000 | L 615 SCALE 1:500 000
; T
10 o 10 20 MILES v" 1'1;: o Gement by —_ 0 — 19 SEIkE Gement 1;4
= = 1 * Min ! R e M
L A - . . 20 KILOMETERS 4,500, . 10150, 12 o — e 20 KILOMETERS o
I — | — | "“157 %'!f:—o— EEE_—__(:L__M:%": o
a - ; ‘*‘\ 2 . 0 T T
DATUM IS MEAN SEA LEVEL : j "- r } ) 1 i DATUM IS MEAN SEA LEVEL : ) 15
4 857/~ "} £ B3s_ ~~1 S ' 5 ‘ ; o
PRyl Crawtordby oSt i M0/ 53T 'sns do \ : !5 i : \=8 2,540 i ha 9. | PRy, Crawford}y X B 1 1 5 ‘ / ¥ L = S A 5 i
| B f§9‘5| BT 5 12,620 g‘“ 7 ol 3 I 816 2 1E () ‘ - Shee 3 7T Y ypa % 3 R TIE () _L”“_'_
= - — 14 b4 | N A—é% :'5'“%‘ ¢ N A L l‘ : ’I 51N ) imopt | , : e e | l_\ 51 N ohimont
(Geology adopted from Tweto, 1976) R93W R92W RO1W ROOW R8BI W R88W RE7TW RBEW R85W (Geology adopted from Tweto, 1976) R93W RO2W RB6W R85W
E———————— — ———— = |

MAP B - COAL RANK MAP OF THE UINTA COAL REGION MAP C - COAL SULFUR AND ASH MAP OF THE UINTA COAL REGION




