Resource Series 36

Availability of Coal Resources in Colorado:
Somerset Quadrangle, West-Central Colorado

By Wynn Eakins*, Carol M. Tremain Ambrose”,
David C. Scott!, and Dale D. Teeters'

*Colorado Geological Survey
TDST & Associates

Colorado Geological Survey
Department of Natural Resources
Denver, Colorado

1998




Resource Series 36

Availability of Coal Resources
In Colorado: Somerset Quadrangle,
West-Central Colorado

By
Wynn Eakins and Carol M. Tremain Ambrose
Colorado Geological Survey
and
David C. Scott and Dale D. Teeters
DST & Associates

DOI: https://doi.org/10.58783/cgs.rs36.rkis2896

Colorado Geological Survey
Department of Natural Resources
Denver, Colorado
1998


https://doi.org/10.58783/cgs.rs36.rkis2896

Resource Series 36

ACKNOWLEDGMENTS

Jooooooboobbbbbboggdigggoooooobobooobbobobood

Individuals who made major contributions to the
project include: M. Devereux Carter, Coal
Availability / Recoverability Program Director,
Timothy J. Rohrbacher, who provided overall pro-
ject guidance and advice on restrictions to mining,
and Carol Molnia, who provided guidance on the
report format and restrictions: all with the U.S.
Geological Survey (USGS); Wendell Koontz, geolo-
gist with the West Elk Mine (Mountain Coal
Company) who provided drill hole data and
reviewed the report; and Randy Phillips and Matt
Morgan of the Colorado Geological Survey (CGS)
who provided a considerable amount of GIS
support. Technical editing was performed by
Mary-Margaret Coates. Other contributors and
their contributions to the project are listed by
agency or mine.

Partial funding for this project came from
Colorado severance taxes which are drived from
the production of oil, gas, coal, and metals.

Agencies
U.S. Bureau of Land Management (BLM),
Montrose District
Desty Dyer, Mining Engineer, provided strati-
graphic data and Bob Vlahos provided GIS data.

Colorado Division of Minerals
and Geology (CDMG)
Susan McCannon—Coal Program Manager; Dave
Berry, Dan Hernandez, and Larry Routten—Coal
Program Supervisors; Mike Boulay, Bill Carter,
and Joe Dudash—Coal Program Leads; all provid-
ed general support and guidance.

U.S. Geological Survey
Mark Kirschbaum, Laura Roberts, and Bob
Hettinger supplied information to support the

Colorado Geological Survey

project, including stratigraphic data. Laura
Biewick provided GIS support.

U.S. Geological Survey Contractors
Tim Gognat and Al Heinrich provided computer
support.

Mines
Bowie No. 1 and No. 2 Mines
William Bear, Jr. (Bill) and Basil Bear; Jim Stover,
their consultant, provided information on con-
straints to mining. Dan Bear provided stratigraph-
ic data in the vicinity of the Bear Mine.

Sanborn Creek Mine (Oxbow Carbon
and Minerals, Inc.)
Walt Wright, Mine Manager, and Tom Anderson,
Environmental Manager, provided information on
constraints to mining and a mine tour.

West Elk Mine (Mountain Coal Company)
Wendell Koontz, Geologist, and Jason Layton,
Mining Engineer, provided information on con-
straints to mining and a mine tour. Mr. Koontz
also provided drill hole data and edited the text.

Coal Availablity Reports
The format of these Coal Availability reports were
used as guidance:
» Kentucky Geological Survey Information
Circular 47 (Salyersville South Quadrangle),
1994
» Indiana Geological Survey Open-File Report
95-2 (Center Point Quadrangle), 1995
» Illinois State Geological Survey Minerals 114
(Mt. Carmel Quadrangle), 1996
» U.S. Geological Survey Open-File Report
97-469 (Hilite Quadrangle, WY), 1997



Resource Series 36

CONTENTS

oot ddoodoougt

Acknowledgments il

Abstract 1

Background and Purpose 3

Location and Physiographic Setting 5

General Geology of the Somerset Quadrangle
and Surrounding Area 7

Regional Geology 7
Somerset Coal Field 7
Geology of the Somerset Quadrangle 7
Surficial Geology 7
Bedrock Geology 9
Principal Coal Beds 10
Structure 11
Coal Mining History 13
Coal Quality 15

Restrictions on Coal Availability in the
Study Area 17

Factors Affecting the Availability of Coal
Resources 17

Considerations for Restrictions 17
Unsuitability Criteria Determinations 17

Unsuitability Criteria That Are
Restrictions to Mining 17

Unsuitability Criteria That Are
Considerations in Mine Planning 18

Other Land-Use Issues 19
Technologic Factors 19

Preparation of Data for Resource
Calculations 31

Collection of Stratigraphic Data 31
Correlation of Coal Beds 31
Computer Techniques 35

Results: Coal Resources and Available Coal in the

Somerset Quadrangle 55

Colorado Geological Survey

Overview—Resource Categories 55
Original Resources 55

Mined-Out and Remaining Resources 56
Restrictions and Available Resources 56

Comparison with Other Coal Availability
Studies 59

Comparison with Previous Coal Resource
Calculations for the Somerset Quadrangle 61

References 63
Appendix 65

FIGURES

1. Map showing location of the Uinta Coal
Region and the Somerset 7.5-minute
quadrangle. 5

2. Simplified topographic map of the
Somerset quadrangle. 6

3. Simplified geologic map of the
Somerset quadrangle. 8

4. Generalized composite stratigraphic section
showing coal beds and adjacent strata of the
Somerset quadrangle. 10

5. Map of land-use restrictions in the
Somerset quadrangle. 18

6. Map of alluvial valley floors in the
Somerset quadrangle. 20

7. Map of surface ownership in the Somerset
quadrangle. 21

8. Map of coal ownership in the Somerset
quadrangle. 22

9a. Map of technologic restrictions of the
“Lower B” coal bed, Somerset
quadrangle. 23

9b. Map of technologic restrictions of the
“B” coal bed, Somerset quadrangle. 24

9c. Map of technologic restrictions of the
“C” coal bed, Somerset quadrangle. 25



Resource Series 36

9d.

9e.

9f.

10.

11.
12.

13a.

13b.

13c.

14a.

14b.

14c.

15a.

15b.

15c.

16a.

16b.

16c¢.

17a.

17b.

17c.

18a.

Vi

Map of technologic restrictions of the
“Lower D” coal bed, Somerset

quadrangle. 26

Map of technologic restrictions of the

“D” coal bed, Somerset quadrangle. 27
Map of technologic restrictions of the

“E” coal bed, Somerset quadrangle. 28
Map of data points and location of

coal correlation diagrams used for the
Somerset quadrangle. 32

Coal Correlation Diagram A-A'. 33

Coal Correlation Diagram B-B'. 34

Bed thickness (coal isopach) map of the
“Lower B” coal bed, Somerset

quadrangle. 36

Map showing areas of reliability of the
“Lower B” coal bed, Somerset

quadrangle. 37

Depth to coal (overburden isopach)

map of the “Lower B” coal bed, Somerset
quadrangle. 38

Bed thickness (coal isopach) map of the “B”
coal bed, Somerset quadrangle. 39

Map showing areas of reliability of the “B”
coal bed, Somerset quadrangle. 40
Depth to coal (overburden isopach) map of
the “B” coal bed, Somerset quadrangle. 41
Bed thickness (coal isopach) map of the “C”
coal bed, Somerset quadrangle. 42

Map showing areas of reliability of the “C”
coal bed, Somerset quadrangle. 43
Depth to coal (overburden isopach) map
of the “C” coal bed, Somerset

quadrangle. 44

Bed thickness (coal isopach) map of the
“Lower D” coal bed, Somerset

quadrangle. 45

Map showing areas of reliability of the
“Lower D” coal bed, Somerset

quadrangle. 46

Depth to coal (overburden isopach) map
of the “Lower D” coal bed, Somerset
quadrangle. 47

Bed thickness (coal isopach) map of the
“D” coal bed, Somerset quadrangle. 48
Map showing areas of reliability of the

“D” coal bed, Somerset quadrangle. 49
Depth to coal (overburden isopach) map of
the “D” coal bed, Somerset quadrangle. 50
Bed thickness (coal isopach) map of the
“E” coal bed, Somerset quadrangle. 51

18b.

18c.

19.

20.

Ala.

Alb.

Alc.

Map showing areas of reliability of the

“E” coal bed, Somerset quadrangle. 52
Depth to coal (overburden isopach) map

of the “E” coal bed, Somerset

quadrangle. 53

Chart showing total original resources in the
Somerset quadrangle. 57

Chart showing proportions of the six coal
beds that make up the available coal in the
Somerset quadrangle. 57

TABLES

Common bed names and thickness
ranges of principal coal beds, Somerset
quadrangle. 10

Historic coal mines in the Somerset
quadrangle. 12

Range of analyses of Somerset coal
field coals. 14

Listing of possible restrictions to coal
mining. 16

Exclusions/restrictions to coal mining,
Colorado 34-33-101 and following
sections. 29

Summary of original, restricted, and
available coal resources of the Somerset
quadrangle by bed. 55

Summary of restricted coal resources of the
Somerset quadrangle by bed. 56
Estimated coal resources for townships
that include portions of the Somerset
quadrangle. 61

Estimated original coal resources, Somerset
quadrangle. 62

APPENDIX A

Summary of estimated coal resources of
the “Lower B” coal bed in the Somerset
7.5-minute quadrangle, Colorado. 67
Estimated remaining coal resources of
the “Lower B” coal bed unavailable due
to land use restrictions in the Somerset
7.5-minute quadrangle, Colorado. 68
Estimated remaining coal resources of the
“Lower B” coal bed unavailable due to
technologic restrictions in the Somerset
7.5-minute quadrangle, Colorado. 69

Colorado Geological Survey



A2a.

A2b.

A2c.

A3a.

A3b.

A3c.

Ada.

A4b.

Adc.

Summary of estimated coal resources of

the “B” coal bed in the Somerset 7.5-minute
quadrangle, Colorado. 70

Estimated remaining coal resources of the
“B” coal bed unavailable due to land use
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 71

Estimated remaining coal resources of the
“B” coal bed unavailable due to technologic
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 72

Summary of estimated coal resources of

the “C” coal bed in the Somerset 7.5-minute
quadrangle, Colorado. 73

Estimated remaining coal resources of the
“C” coal bed unavailable due to land use
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 74

Estimated remaining coal resources of the
“C” coal bed unavailable due to technologic
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 75

Summary of estimated coal resources of

the “Lower D” coal bed in the Somerset
7.5-minute quadrangle, Colorado. 76
Estimated remaining coal resources of the
“Lower D” coal bed unavailable due to
land use restrictions in the Somerset 7.5-
minute quadrangle, Colorado. 77
Estimated remaining coal resources of the
“Lower D” coal bed unavailable due to tech-
nologic restrictions in the Somerset 7.5-minute

quadrangle, Colorado. 78

Colorado Geological Survey

Aba.

A5b.

Abc.

Aba.

Aé6b.

Aé6c.

A7a.

AT7b.

A7c.

Resource Series 36

Summary of estimated coal resources of the
“D” coal bed in the Somerset 7.5-minute
quadrangle, Colorado. 79

Estimated remaining coal resources of the
“D” coal bed unavailable due to land use
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 80

Estimated remaining coal resources of the
“D” coal bed unavailable due to technologic
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 81

Summary of estimated coal resources of
the “E” coal bed in the Somerset 7.5-minute
quadrangle, Colorado. 82

Estimated remaining coal resources of the
“E” coal bed unavailable due to land use
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 83

Estimated remaining coal resources of the
“E” coal bed unavailable due to technologic
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 84

Summary of estimated coal resources of all
coal in the Somerset 7.5-minute quadrangle,
Colorado. 85

Estimated remaining coal resources of all
coal unavailable due to land use
restrictions in the Somerset 7.5-minute
quadrangle, Colorado. 86

Estimated remaining coal resources of all
coal unavailable due to technologic
restrictions in the Somerset 7.5-minute

quadrangle, Colorado. 87

Vi



Resource Series 36

ABSTRACT
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The Colorado Geological Survey, in cooperation
with the U.S. Geological Survey, has produced an
estimate of the amount of available coal in an area
of historical and active mining in west-central
Colorado. Available coal is the quantity of the
total coal resource that is accessible for mine
development under current regulatory, land-use,
and technologic constraints. This coal availability
study of the Somerset quadrangle indicates that
approximately 75 percent (2,326 million short
tons) of the total 3,088 million tons of original coal
in-place in the quadrangle is available for devel-
opment. Approximately 75 million tons of coal
within the quadrangle have been mined through
1997, with a total of about 275 million tons lost in
mining. Coal lost in mining includes coal
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unavailable to be mined due to previous mining
of adjacent beds or mining of coal within the same
bed. All tonnage measurements in this report are
in short tons.

Considerations for coal development in the
quadrangle include railroads, highways, rivers
and lakes, cemeteries, towns, critical habitat for
threatened and endangered species, bald or
golden eagle nests, and alluvial valley floors.
Some of these considerations could be mitigated
so that coal mining could proceed. Other consider-
ations could not be mitigated and would prevent
mining in their vicinity. Technologic constraints
that affect the availability of coal include mined-
out areas, overburden thickness, thin interbeds,
and thin coal beds.
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BACKGROUND AND PURPOSE
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Land-use, environmental, regulatory, technologic
and economic restrictions to coal resource recover-
ability have not been included in traditional
Federal coal resource estimates. Many planners
have thus overestimated the future supply of the
Nation’s coal. In 1986, a pilot study was undertak-
en by the Kentucky Geological Survey and the
U.S. Geological Survey (USGS) to develop and test
a methodology for determining the quantity of
coal resources available for mining under current
mining conditions (Carter and Gardner, 1989,
1994; Eggleston and others, 1990). The concern for
identifying the restrictions affecting the mining of
coal has resulted in a collaborative program
between the USGS and state geological surveys.
The data generated during the coal availability
studies is shared with the USGS for use in their
coal recoverability studies and coal assessment
activities. In recoverability studies, recovery and
cost factors are applied to the estimated coal
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resources, resulting in calculations of economical-
ly recoverable coal that are usually far less than
the amount available for development (Rohr-
bacher and others, 1994; Molnia and others, 1997).

The first coal availability studies were con-
ducted in the eastern United States, in the
Appalachian region. The studies expanded into
the Illinois Basin and more recently into the west-
ern United States in the Powder River Basin of
Wyoming (Molnia and others, 1997) and Montana,
the San Juan Basin of New Mexico, and the
Wasatch Plateau of Utah. This study of coal avail-
ability in the Somerset quadrangle is the first coal
availability study in Colorado.

The effect of land-use and technologic factors
on the availability of the remaining coal in
Colorado’s coal fields is not well known.
Therefore, it is important to calculate the amount
of the remaining coal resources available to min-
ing in order to aid the decision-makers addressing
issues of future coal development in Colorado.
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L OCATION AND

PHYSIOGRAPHIC SETTING
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The Somerset 7.5-minute quadrangle is located in
west-central Colorado, in the southeastern part of
the Uinta Coal Region’s Piceance Creek Basin
(Figure 1). The quadrangle is within the Somerset
coal field in the northwestern part of Gunnison
County. The town of Somerset, located in the
west-central part of the quadrangle, is the only

population center. A single major highway, a sec-
tion of Colorado Highway 133 between the towns
of Carbondale and Paonia, crosses the quadrangle.
The steep narrow canyon of the North Fork of
the Gunnison River separates mesas in the south-
ern part of the Somerset quadrangle from those in
the northern part of the quadrangle: the North Fork
flows generally from east to
west, nearly bisecting the

N quadrangle (Figure 2).
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Figure 1. Map showing location of the Uinta Coal Region and the

Somerset 7.5-minute quadrangle.
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ging and ranching are the
primary industries within
the quadrangle.
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GENERAL GEOLOGY OF THE
SOMERSET QUADRANGLE

AND VICINITY
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REGIONAL GEOLOGY

The Somerset quadrangle is within the Uinta Coal
Region. Approximately one-half of the Uinta
Region lies in west-central Colorado; the remain-
der is the main coal-bearing region of eastern
Utah. Most of the Colorado portion of the Uinta
Region coincides with the Piceance Creek struc-
tural basin of Laramide age and is located in the
eastern part of the Colorado Plateau physiograph-
ic province. The Uinta Region in Colorado is
bounded by the Grand Hogback monocline to the
east, the Axial Basin uplift to the north, the Utah
state line to the west, Grand Valley and the
Colorado River to the southwest and the North
Fork Valley and Gunnison uplift to the south and
southeast (Tremain and others, 1996).

The Piceance Creek Basin is the largest struc-
tural basin in western Colorado, covering an area
exceeding 7,200 square miles as defined by the
base of the Upper Cretaceous Mesaverde Group.
The basin is asymmetric in shape, with the steep
flank on the east and its long axis trending north-
west. This is one of the deepest basins in the
Rocky Mountain region, with an estimated 25,000-
plus feet of sediments at the north end of the
basin in Rio Blanco County.

The southeastern part of the region, in Gunni-
son and Pitkin counties, is marked by the Elk and
West Elk Mountains igneous intrusive complexes
of Tertiary-age sills, laccoliths, dikes and associat-
ed folds and faults. The high geothermal heat flow
characteristic of this part of the region has
increased the rank of much of the coal, producing
large resources of coking coal. Original in-place
identified coking coal resources in Colorado have
been estimated at more than 4.2 billion tons. The
Uinta Region contains an estimated 0.5 billion
tons of coking-coal resources (Goolsby and others,
1979). The southeastern third of the Uinta Region
has produced the most desirable coke-oven feed-
stock in Colorado; however, depth of overburden
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and relatively high methane content of the coals
have tended to retard development of the resource
in this area.

SOMERSET COAL FIELD

The Somerset coal field in Delta and Gunnison
Counties lies in and near a valley cut by the North
Fork of the Gunnison River and its tributaries. The
coals in this area occur in the lower Williams Fork
Formation (Figures 2 and 3) are high-volatile B
and C bituminous, and reach up to 25 feet or more
in thickness. The eastern part of the field, near the
town of Somerset, contains coking coal of relative-
ly good quality, which contains fairly high levels
of methane (Tremain and others, 1996).

The West Elk Mountains are a group of peaks
formed from intrusive and volcanic rocks that
intrude into or cover sedimentary rocks of
Cretaceous and Tertiary age in the Somerset coal
field. The intrusive rocks have diverse and locally
complex relationships with the sedimentary rocks.
The magma that formed the intrusive rocks of the
West Elk Mountains was injected into the strata at
a relatively low temperature (Johnson, 1948a), so
contact metamorphism is not extensive. Coal
seams are either partially intruded or replaced by
intrusives, and locally may be upgraded in rank.

Strata dip generally to the north-northeast at
an average of about 3 to 5 degrees. Six major coal
beds have been identified in the Mesaverde
Formation (Johnson, 1948a). The geology of these
coal beds, designated A through F, and their asso-
ciated strata, is discussed below.

GEOLOGY OF THE
SOMERSET QUADRANGLE

Surficial Geology

Surficial geology is depicted on a geologic map at
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1989)
a scale of 1:50,000 (Dunrud, 1989). The units alluvium/ colluvium along all drainages in the
described by Dunrud include Holocene alluvium southern half of the quadrangle, two types of
along the North Fork of the Gunnison River and Pleistocene unconsolidated deposits, Pleistocene
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alluvial surfaces, and Holocene and Pleistocene
landslide deposits.

Bedrock Geology

Subsurface geologic information is available from
93 drill holes within the quadrangle and a 3-mile
surrounding zone, which enables inferred
resources to be evaluated. Forty-eight of the drill
holes are within the quadrangle itself. The deepest
drill holes, which are located to the northeast of
the quadrangle, are oil and gas test holes. Surficial
deposits are not shown on the bedrock geologic
map (Figure 3), which was adapted from a USGS
map (Dunrud, 1989).

Bedrock units exposed within the Somerset
quadrangle range from the Cretaceous Mancos
Shale to the Tertiary Wasatch Formation. Each for-
mation, and members where applicable, is briefly
described in order from oldest to youngest.

The Mancos Shale is the oldest exposed for-
mation in the study area. As reported by numer-
ous workers in the area, the Mancos Shale is com-
posed of gray calcareous shale with sandy or car-
bonaceous intervals. The depositional environ-
ment was interpreted by Wellborn (1982a) as off-
shore marine and a prodelta facies of a delta sys-
tem. The total thickness is about 5,000 feet (Young,
1982). The Mancos Shale is exposed in the west-
central part of the quadrangle along the North
Fork and in the extreme southwestern part.

The Mesaverde Formation has been subdivid-
ed into four members by many of the geologists
who have worked in the area—the Rollins
Sandstone Member, the Bowie Shale (or Lower
Coal) Member, the Paonia Shale (or Upper Coal)
Member, and the Barren Member (Figure 4).
Johnson and May (1980) and Dunrud (1989)
include a fifth member, the Ohio Creek Member.
The significant coals in the Somerset quadrangle
are within the Bowie Shale and Paonia Shale
Members, or Lower Coal and Upper Coal
Members (Dunrud, 1989), of the Mesaverde
Formation. These two members are mapped as a
single unit in Figure 3. The Mesaverde Formation
was deposited as part of a delta system that pro-
graded to the southeast into the Late Cretaceous
Western Interior seaway (Wellborn, 1982a).

1) The Rollins Sandstone Member of the
Mesaverde Formation is a cliff-forming,
white to buff sandstone that is present
throughout the region. It was interpreted
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2)

3)
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by Wellborn (1982a) as a delta-front facies.
The top of the Rollins Sandstone repre-
sents the lower boundary of the Bowie
Shale Member.

The Bowie Shale Member, or the Lower
Coal Member, of the Mesaverde Formation
is defined as the part of the formation
above the Rollins Sandstone upward
through a distinct series of sandstones.
This unit ranges from about 220 to 330 feet
in thickness within the quadrangle and
consists of intervals of fine-grained sand-
stone, shale, carbonaceous shale and coal
representing lower delta-plain deposits
(Wellborn, 1982a). The sediments were
deposited in brackish- to fresh-water
marshes and swamps, fresh-water lakes,
occasional marine bays, and distributary
channel systems. The coal-forming materi-
als were deposited in interdistributary
areas where water table levels were close
to sea level and where conditions favored
thick vegetation and little sediment inflow.
The thickest and most extensive coals in
the Lower Coal Member have been desig-
nated the A, B and C beds. In most of the
eastern part of the quadrangle and several
other smaller areas, a major split of the B
bed has been identified. Nowak (1990)
identified that the thickest beds in the
lower part of the Bowie Member are paral-
lel to the paleoshoreline, and are aligned
in a north-south trend. The uppermost
part of the member is an interval with sev-
eral sandstone units from a distributary
channel system (Wellborn, 1982) with total
thicknesses of about 110 to 190 feet in the
quadrang]e.

The Paonia Shale Member, also known as
the Upper Coal Member of the Mesaverde
Formation, is defined as the part of the for-
mation from the top of the uppermost
sandstone unit of the Bowie Shale Member
to the top of the F coal bed. This unit is
composed of shale, minor carbonaceous
shale, siltstone, and sandstone and ranges
in thickness from about 210 to 310 feet
within the quadrangle. The sediments
originate from an interdistributary upper
delta plain environment similar to that of
the Bowie Shale Member, but influenced
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more by fluvial processes, with an increase
in channel and splay deposits (Wellborn,
1982a). Nowak (1990) observes that the
thickest coal beds in the Paonia Shale
Member are thinner than those in the
Bowie Shale Member, and are generally
not as areally extensive. Distributary chan-
nel sandstones are also thinner and less
extensive than those of the lower delta-
plain setting. The D, E, and F beds are
within this unit. A major split of the D bed
occurs in most of the quadrangle.
4) The base of the Barren Member is defined
as the top of the F bed (Nowak, 1990). The
Barren Member consists of alternating
sandstone, shale, and siltstone beds with-
out continuous coal beds of commercial
thickness (Wellborn, 1982a). There are few
coals within 100 feet of the F bed. This
interval is primarily composed of coarse-
to fine-grained sandstones (Nowak, 1990).

5) The Ohio Creek Member consists of inter-
bedded sandstone, mudstone, and shale
which total about 500 to 900 feet in thick-
ness (Dunrud, 1989). Most geologists
working in the area prior to 1980 defined
the Ohio Creek as a conglomeratic sand-
stone of Tertiary age (Wellborn, 1982a).
Johnson and May (1980) redefined the
Ohio Creek as a member of the Mesaverde
Formation.

The Tertiary Wasatch Formation is the upper-
most rock unit (youngest age) in the quadrangle.
It consists of varicolored claystone and mudstone
with local lenses of sandstone, thin coal beds, and
basal conglomerate (Dunrud, 1989).
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Figure 4. Generalized composite stratigraphic
section showing coal beds and adjacent strata
of the Somerset quadrangle.

Table 1. Bed names and thickness ranges of principal coal beds, Somerset quadrangle.

Bed Name

(Letter Designation) Lower B B C Lower D D E
Common names and B-1 Somerset Bear Lower Oliver Oliver Hawksnest
alternative names of B-1/ B-2 D-1 Upper Oliver

beds used in this report D-2

Thickness ranges (ft) 1.6- 20 1.2-29 0-16 26-21 0-25 0-15
Typical thickness (ft) 5-10 15-25 6-8 6-15 8-20 5-8

10

Colorado Geological Survey



Principal Coal Beds

The principal coal beds of the Somerset quadran-
gle, those beds designated with letters or names,
are, in order from bottom to top, the A through F
beds. These beds are primarily continuous, but
they may have significant splits or areas of nonde-
position. Thinner coals between the principal beds
and beds A and F are not of minable thickness
within the quadrangle. The B, C, D, and E beds
have all been mined. Significant areas of unmined
coal remain in these beds. Portions of the lower
splits of the B and D beds are also minable.
Mapping and resource calculations have been
done for these six beds or bed splits. The bed des-
ignated by the West Elk Mine as the F bed corre-
lates to the E bed of this report. Table 1 provides
commonly used and alternative bed names used
in this report as well as overall and typical thick-
ness ranges of the principal coal beds in the quad-
rangle. Typical thicknesses are also shown in
Figure 4.

The areas that contain split beds, either the B
and Lower B or the D and Lower D beds, are
located where the parting thickness exceeds either
coal thickness. For example, if the B bed consists

Colorado Geological Survey
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of 12 feet of coal, 5 feet of shale parting, and 6 feet
of coal, the bed is considered to be unsplit, with a
thickness of 18 feet. The beds would, however, be
considered split if the 12 feet interval of coal is
underlain by 6 feet of parting and 5 feet of coal:
the B bed is 12 feet thick and the Lower B bed is

5 feet thick. Coal quality and mining of the princi-
pal beds are discussed in separate sections.

Structure

The Somerset quadrangle is on the south flank of
the Piceance Creek Basin. Dips are typically about
200 to 300 feet per mile to the north-northeast,
based on structure maps derived from stratigraph-
ic data used in this evaluation. Faults are steeply
dipping, primarily west-northwest trending, and
exhibit several feet of stratigraphic separation
where they offset coal beds in the Somerset Mine
(Dunrud, 1976). No faults with more than 25 feet
of separation were identified by structure map-
ping in the Somerset quadrangle, so the faulting is
not reflected in depth-to-coal mapping. Faults
exceeding 25 feet of separation have been identi-
fied in coal mines west of the quadrangle.

11
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Table 2. Historic coal mines in Somerset coal field producing more than 100,000 tons.

- Map

Bed(s)

Mine Name : . Dates of Production Reference/Comments**

(Alternate Name) : No. : Operation (tons)* ‘Mined

Bear o 1932-1982 See Bear No.3 @ C : Production combined with Bear

(Bear No. 1) No. 3 mine

Bear No. 2 2 1934-1982 See Bear No. 3 C Production combined with Bear

’ No. 3 mine

Bear No. 3 3 1934-1996 9,107,000 B

Black Beauty 4 1951-1976 1,400,000 E Metallurgical coal

(Hawksnest No. 3)

Bowie No. 1 1976~ 16,059,000 D Operating mine in Bowie quad-

(Orchard Valley) rangle; production through 1997

Bowie No. 2 1997- 49,000 D First production in October 1997;
production exceeded 100,000 tons
by February 1998; Bowie
quadrangle

Farmers (Paonia 1909-1966 255,000 C Bowie quadrangle

Farmers, Emmons)

Hawksnest East 5 1975-1982 1,992,000 F(E) Kelso and others, 1981; Rushworth

(Hawksnest No. 2) and others, 1984; changed to E
bed in Boreck and Murray, 1979

Hawksnest No. 1 6 1931-1970 946,000 E

Hawksnest West 7 1970-1982 1,940,000 E Kelso and others, 1981,
Rushworth and others, 1984

King 1903-1974 2,996,000 A B Production primarily from B bed

Lone Pine (Edwards) 8 1934-1965 505,000 B, C Just west of Bear Mine entries

Mt. Gunnison No. 1 9 1982-1991 4,872,000 F(E) Rushworth and others, 1984/
Correlated as E bed in this report

Oliver No. 1 10 1923-1960 1,300,000 : E

Oliver No. 2 11 1945-1954 760,000 E (D) Correlated as D bed in this report

Oliver No. 3 12 1923-1960 SSee OliverNo.1 @ D  Production combined with Oliver

: No. 1

Sanborn Creek 13 1992- 6,200,000 B, C Zook and Tremain, 1997/
Currently mining only the B bed;
production is through 1997

Somerset 14 1903-1985 31,170,000 B, C Mine operated in Delta and
Gunnison Counties (in Somerset
and Bowie quadrangles)

West Elk 15 1992- 30,580,000 B Zook and Tremain, 1997/ Operating

mine; production is through 1997

Geology files.

*Production through 1997 unless otherwise noted, rounded to nearest thousand tons.
**Reference is Boreck and Murray, 1979 unless otherwise cited. Post-1989 production from Colorado Division of Minerals and

12
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CoAL MINING HISTORY
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Since the late 1880s, the Uinta Coal Region in
Colorado has produced nearly 230 million tons of
coal from 300 mines. This production constitutes
26 percent of the total coal produced in Colorado.
More than 15 million tons of coal were produced
in the Uinta Region in 1997, or 55 percent of the
state’s total output.

Approximately 7.5 percent of Colorado’s
cumulative production through 1997 has come
from the Somerset quadrangle. The two operating
mines in the quadrangle, the Sanborn Creek and
West Elk Mines, produced 27 percent of the state’s
coal in 1997: these two mines produced a com-
bined 7,322,766 tons of coal, all from the B seam.
The West Elk Mine is a longwall operation and the
Sanborn Creek Mine is doing development work
to support a planned longwall operation.

Historical production from mines in the
Somerset coal field with total production exceed-
ing 100,000 tons is shown on Table 2. For each
mine, the dates of operation, total production, bed
or beds mined, and references are provided. All

Colorado Geological Survey

mines operating in the coal field have been under-
ground mines. Thirty-seven coal mines operated
in the Somerset coal field during the period from
1903 to the present (Boreck and Murray, 1979). Of
the eighteen mines which produced more than
100,000 tons, fifteen are in the Somerset quadran-
gle (Table 2). Map numbers on figures 9a through
9f can be used to locate the mines within the
Somerset quadrangle.

Total production for the Somerset quadrangle
is approximately 75 million tons through 1997.
Historic production records attribute all the coal
mined from the Somerset Mine to Gunnison
County (or the Somerset quadrangle) because the
mine portal is in Gunnison County.
Approximately half of the roughly 31 million tons
mined from the Somerset Mine represents Delta
County production. About 80 percent of the coal
mined from the Somerset quadrangle was pro-
duced from either the B or C seam. The remainder
came from the D and E seams.

13



Resource Series 36

Table 3. Range of analyses of Somerset coal field coals, as received basis. (Source: Tremain Ambrose
and others, 1998, in press. For additional analytical data, see references.)

Coal . Volatile Heating . Ash Fusion
Field/ : Moisture : Matter Asht Sulfurt Valuet ‘Temperature
Bed @ (%) ' (%) (%) (%) (Btu/lb) °F) : FSI2
Somerset = 1.8-163 | 30.9-400 = 22-254 0.2-2.3  10,040-13,900 = 2120-2800  0-4.5
Coal Field : : :
(5 beds) : _
: 5 Somerseif; Quadranglie 5
E3 . 48-83 | 309-400 : 22-254  02-13 : 10,200-13,900 @ 2120-2800  0-2.5
: : 5-15 04-06 : 11,000-13,000 :
D | 51-85 | 344-382 | 42-177 . 04-09  10300-13,000 2800  0-40
6-12 0.5-0.7 11,500-13,000
C 45-7.8 36.0-39.2 49-125 0.4-0.9 11,300-13,500 : 2090-2675 1.5-45
- 6-10 0.4-0.6 12,200-13,500
B | 44-82  334-364 = 57-130 03-1.0 | 11,200-13,400 = 2595-2800  0-0.5
: 8-12 0.4-06 : 11,500-13,000
A 1.8 36.8 9.5-23.1 0.6-2.3 11,200-12,000 2800 3.5
10-15 0.8-1.5 11,200-12,000 5

1For Somerset quadrangle, overall range is shown on first line and typical range on second line

2Free swelling index
3lincludes F bed analyses

14
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CoAL QUALITY
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Although the quality of coal is an important factor
in determining the market demand for coal from
specific coal deposits, coal quality is not assessed
in this study. The distribution of coal quality para-
meters across the quadrangle is not well under-
stood and additional analytical data would be
needed in order to map quality parameters with a
reasonable level of certainty. Coal quality data is
presented in Table 3 as range of analyses for all
beds in the Somerset coal field and for individual
beds in the Somerset quadrangle.

Available coal quality data for the Somerset
coal field was transferred into a single database.
The area covered by the database includes
T. 13-15S. and R. 89-93 W. A total of approximate-
ly 520 individual analyses at 68 locations were
available for the Somerset coal field. Analyses for
24 locations are within the Somerset quadrangle.

The coal quality database (Tremain Ambrose
and others, 1998, in press) contains point identify-
ing numbers; sample dates; mine or corehole names;
bed and coal zone names; coal rank; ash and sul-
fur percentages; Btu; million Btu per short ton;

Colorado Geological Survey

pounds of sulfur per million Btu; latitude, longi-
tude, and sections, townships and ranges of sam-
ple locations; and source database names. However,
not all of the samples contain all of the above, as
certain analyses were not run on every sample.
Sources of coal quality data include 1) USGS
coal analysis database [USALYT], [USGS, National
Coal Resources Data System (NCRDS), unpub-
lished data], 2) two databases with data on mine
samples—one originally developed by the U.S.
Bureau of Mines (USBM) and the Energy
Information Administration (EIA) [BMALYT]
(USGS, NCRDS, unpub. data) and one digitized
by the CGS from USBM technical paper 574 (U.S.
Bureau of Mines, 1937), 3) a database containing
petrographic analyses of coal cores taken by the
CGS as part of a late 1970s to early 1980s coalbed
methane desorption program [COPET] (USGS,
NCRDS, unpub. data), and 4) the USCHEM trace
element database of mixed core and mine samples
published by the USGS in open file report 94-205
(USGS, 1994). All the coal quality data was con-
verted, if necessary, to an as-received basis.

15
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Table 4. List of possible restrictions to coal mining.

(Printed in bold if applicable to the Somerset quadrangle. Italicized items are those considered to have possibly
been applicable. Potential technologic restrictions would be evaluated for a specific development project. In some

cases the potential restriction might be mitigated.)

A. Coal-leasing unsuitability criteria from the Federal
Coal Management Regulations (43CFR 3461.5)
1. Federal land systems
2. Rights of way and easements [i.e.,
railroad]

3. Dwellings, roads, cemeteries, and

public buildings

Wilderness Study Areas

Lands with outstanding scenic quality

Lands used for scientific study

Historic lands and sites

Natural Areas

Critical habitat for threatened or endangered

species

10. State listed threatened or endangered
species

11. Bald or golden eagle nests

12. Bald and golden eagle roost and concentraion
areas

13. Federal lands containing active falcon cliff
nesting site

14. Habitat for migratory bird species

15. Fish and wildlife habitat for resident species

16. Floodplains

17.  Municipal watersheds

18. National Resource Waters

19. Alluvial valley floors

20. State or Indian tribe criteria

© oo N ok

B.

C.

Other applicable land-use restrictions

® NoOh~wnkE

Towns

Pipelines

Powerlines

Archaeological areas

Surface and coal ownership issues
Wetlands

Streams, lakes, and reservoirs

Technologic restrictions

N -

w

10.
11.
12.
13.
14.
15.
16.
17.
18.

Coal quality

Coal depth (<100 feet overburden for
underground mining)

Mined-out areas

Limit of coal (including areas of burned
coal)

Subsidence over abandoned mines
Subsidence is projected to cause material
damage

Active mines

Abandoned mines

Coal beds too close together (<40 feet)
Coal beds too thin

Coal bed discontinuities

Roof or floor problems

Barrier pillars

Oil and gas development

Steep slopes

Steeply dipping beds

Proximity to intrusives or faults

Block size

16
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RESTRICTIONS ON CoAL
AVAILABILITY IN THE STUDY AREA

oot ddoodoougd

FACTORS AFFECTING
AVAILABILITY OF COAL
RESOURCES

The availability of coal for future mining in the
Somerset quadrangle is limited by several factors.
These were identified through interviews with
mining engineers and geologists with four coal
companies that have mines currently operating
within the quadrangle or in geologic and physio-
graphic settings similar to those found in the
quadrang]le. Staff members from the Colorado
Division of Minerals and Geology (CDMG), the
state agency responsible for permitting and
inspecting mines, were also interviewed. The
information from these interviews was used to
develop restriction criteria for defining available
coal in the quadrangle.

Availablity of coal must be evaluated based on
the mining method that will most likely be used
to recover the coal. In the Somerset coal field, all
historic mining has been by underground meth-
ods. In the last several years, plans for expansion
within existing mines and plans for new mines
have involved longwall mining exclusively.

CONSIDERATIONS FOR
RESTRICTIONS

There are many factors that could affect the avail-
ability of coal for mining. The three general
groups of factors to consider for coal development
are legal unsuitability criteria, potential land-use
restrictions, and technologic factors. Table 4 pro-
vides a complete listing of all factors considered
within these three groups. Many of the factors
considered are either not applicable to the Somer-
set quadrangle or after analysis were determined
to be non-restrictive. Applicability of restrictions
was evaluated based on input from mining engi-
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neers from coal companies that have mines in and
near the Somerset quadrangle, staff members of
the CDMG, and individuals with the USGS who
are familiar with other coal availability studies.

A hierarchy was established for land-use and
technologic restrictions to prevent double-count-
ing of restrictions when they overlap. The hierar-
chy for resolving overlapping applicable land-use
restrictions was 1) streams, 2) highways, and 3)
railroads. Technologic restrictions were considered
in this order: 1) mined-out areas, 2) coalbed thick-
ness, and 3) proximity to another bed.

UNSUITABILITY CRITERIA
DETERMINATIONS

Coal unsuitability criteria are listed in the Federal
Regulations, Title 43, Subpart 3461 (43 CFR 3461).
These 20 specific legal criteria are used to deter-
mine if an area can be mined by surface mining
methods. Underground mining on Federal lands
can be exempted from these criteria, except where
the mining will include surface operations and
have surface impacts on Federal lands that cannot
be otherwise exempted (43 CFR 3461.1).

Unsuitability Criteria That Are

Restrictions to Mining

The unsuitability criteria that were evaluated to be
restrictions to mining in the Somerset quadrangle
are rights of way and easements (applicable to the
railroad), roads (applicable to Colorado Highway
133) and cemeteries (the miner’s cemetery north
of Somerset) (Figure 5). Dwellings and public
buildings within the town of Somerset are also
restrictions, although the entire town of Somerset
is restricted under other land-use restrictions.

It is conceivable that the cemetery, highway
and railroad could be relocated, if necessary, to
allow mining to proceed, once the necessary
agreements and permits were acquired. For the

17
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Figure 5. Map of land-use restrictions in the Somerset quadrangle.

purposes of this study, however, they are consid-
ered restrictions to mining. No restriction was
applied to highways for coal more than 200 feet
below the surface.

18

Unsuitability Criteria That Are

Considerations in Mine Planning
Other unsuitability criteria that are potential
restrictions in the quadrangle are critical habitat
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for threatened or endangered species, bald or
golden eagle nests, and alluvial valley floors. The
Colorado Division of Wildlife has not identified
any bald eagle nests within the quadrangle.
Underground mining may be permitted beneath
alluvial valley floors (Figure 6) in some cases;
therefore alluvial valley floors were not consid-
ered a restriction.

These criteria could cause areas to be declared
unsuitable for coal mining. Detailed studies, to
determine unsuitability or proposing mitigation
measures, would be made if an expression of
interest for coal development was submitted to
the government.

OTHER LAND-USE ISSUES

Coal beneath the town of Somerset is considered
restricted. Streams, lakes and reservoirs are also
restrictions to coal mining. The North Fork of the
Gunnison River and Minnesota Reservoir are both
considered land-use restrictions; however, no
restriction was applied to streams for coal more
than 200 feet below the surface.

Other potential land-use restrictions were con-
sidered; however, none were evaluated to be
applicable to the Somerset quadrangle. There are
no major powerlines or pipelines that transect the
quadrangle and no significant archaeological sites
have been identified by the Colorado Historical
Society. Small, isolated wetlands have been identi-
fied within areas permitted for coal mining; how-
ever, mining has not been restricted under these
areas. Surface and coal ownership issues (Figures
7 and 8) are potential restrictions, but coal has not
been restricted for this reason.

TECHNOLOGIC FACTORS

Technologic factors which were evaluated to be
restrictions to mining are coal depth, areas of no
coal (mined-out areas, both active and abandoned
mines, and areas beyond the limit of coal), thin in-
terburden, thin coal beds, and areas of burned coal.

Overburden of less than 100 feet, interburden
of less than 40 feet to the overlying bed, and bed
thickness of less than 2.3 feet (28 inches) were con-
sidered technologic restrictions to underground
mining. Figures 9a through 9f show the areas for
which each of the six principal beds or splits are
technologically restricted.

Other technologic factors may apply to at least
portions of the quadrangle, but were not evaluat-

Colorado Geological Survey

Resource Series 36

ed to be restrictions to mining. There is insuffi-
cient data to evaluate some of these factors. For
some factors, the basis of what would constitute a
restriction is difficult to establish.

No oil and gas development has taken place
within the quadrangle. A single test hole, drilled
in 1981, was not completed as a well. Coal quality
is not considered to be a restriction to mining,
although it could influence the specific areas of a
bed that are selected to be mined. It is likely that
subsidence over abandoned mines may preclude
mining in some areas. Data to identify areas
affected by such subsidence is not readily avail-
able. Areas with roof or floor problems that would
preclude mining, steep slopes and intrusives and
faults have also not been identified. Block size will
be evaluated in the ensuing coal recoverability
study of the Somerset quadrangle.

The CGS, with assistance from the USGS,
established a digital database of the mined-out
areas for the Somerset coal field. Information on
the extent of mining was obtained from individual
mine maps or previously-compiled 1:24,000 scale
maps available at the CGS, from maps within
mine permit documents at the CDMG, or from
mine operators. Boundaries of active mines were
updated to January 1, 1998, in part based on mine
plans through the end of 1997.

Depleted reserves consist of the coal tonnage
that was originally present in areas that have been
mined. These reserves have been extracted by
mining or left as pillars within underground
mines. The reserves from the entire coal zone were
depleted based on mining from an individual bed
within the zone. Coal that has been left in place as
barrier pillars within 50 feet of mines has been
excluded from resources. Colorado law requires
that a barrier pillar at least 500 feet wide be left
around active mines; however, once a mine
becomes inactive, mining may be permitted with-
in 50 feet of abandoned workings. The Mine
Safety and Health Administration requires that a
50-foot barrier be left between mines.

The Colorado Surface Coal Mining
Reclamation Act also includes a number of poten-
tial exclusions or restrictions to underground coal
mining, within Title 34, Article 33 as indicated in
Table 5. Many of these overlap with Federal
restrictions to mining. All were considered for
inclusion in the factors affecting availability of
coal.
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Figure 6. Map of alluvial valley floors in the Somerset quadrangle.

20 Colorado Geological Survey



Resource Series 36

107°30' 107°22" 30"
39°
FED
PRI

FED

Private surface ownership 0 9 1 Mi
L —
Federal surface ownership 0 5 1Km

Figure 7. Map of surface ownership in the Somerset quadrangle.
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Figure 9a. Map of technologic restrictions of the “Lower B” coal bed,
Somerset quadrangle.
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Figure 9b. Map of technologic restrictions of the “B” coal bed, Somerset
quadrangle.
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Figure 9c. Map of technologic restrictions of the “C” coal bed, Somerset
quadrangle.
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Figure 9d. Map of technologic restrictions of the “Lower D” coal bed,
Somerset quadrangle.
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Figure 9e. Map of technologic restrictions of the “D” coal bed, Somerset
quadrangle.
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Figure 9f. Map of technologic restrictions of the “E” coal bed, Somerset
guadrangle.

28 Colorado Geological Survey



Resource Series 36

Table 5. Exclusions/Restrictions to Mining, Colorado Revised Statutes 34-33-101 and following sections.

Restriction/

Explanation of

Exclusion Restriction or Exclusion Rule No.

E Lands within national park system, national wildlife refuges, 2.07.6(2)(d)(iii)(A)
national system of trails, national wilderness preservation system,
wild and scenic rivers, and national recreation areas

E Within 300 ft of public building (school, church, hospital, 2.07.6(2)(d)(iii)(B)
courthouse, government building ...) community or institutional
building or any public park

E Within 100 ft of a cemetery 2.07.6(2)(d)(iii)(©)

E Lands designated unsuitable for mining 2.07.6(2)(d)(i)
[DMG comment; None have been designated in Colorado.]

E Operations which affect the continued existence of threatened 2.07.6(2)(n)
and endangered species

R Mining on steep slopes (has to meet specific performance standards) 2.06.4

R Lands within national forest 2.07.6(2)(d)(iii)(D)

R Will not adversely affect publicly owned park or place eligible 2.07.6(2)(e)(i)
to be included in the National Register of Historic Places

R Within 100 ft of public road right of way 2.07.6(2)(d)(iv)

R Within 300 ft of an occupied dwelling (unless owner waives) 2.07.6(2)(d)(v)

R 500 ft, measured horizontally, from active or abandoned 4.19(1)
underground mines

R Beneath or adjacent to any perennial stream, or impoundment or
other body of water >20 acre-ft 4204

R Mining in alluvial valley floors and prime farm land 2.07.6(2)(K)
[DMG comment; AVFs are identified during permitting process.]

R Operations where subsidence is projected to cause material damage 2.05.6(6)(b)(iii)
[DMG comment; Essentially must avoid or leave support pillars to 4.20
protect aquifers, agricultural land and occupied residential dwellings
and noncommercial buildings.]

R Blasting within 1000 ft of schools, churches, hospitals and nursing 4.08.4(7)
facilities and within 500 ft of wells, pipelines and storage tanks for
oil, gas or water

R Surface disturbance within 100 ft of perennial streams with 4.05.18
biological communities in them

E—exclusion R—restriction

Colorado Geological Survey

29






Resource Series 36

PREPARATION OF DATA FOR
RESOURCE CALCULATIONS
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COLLECTION OF
STRATIGRAPHIC DATA

Stratigraphic data sources used in determining
coal resource quantities include drilling logs, core
descriptions, and geophysical logs. Drill hole data
was obtained from published sources, USGS data-
bases, BLM files, Mountain Coal Company, and
permit documents at the CDMG. The drill holes
used, which represent all publicly available data
within three miles of the quadrangle, are shown in
Figure 10.

Proprietary data were not used in this study.
Where other published data were not available,
coal bed thicknesses were scaled from cross sec-
tions published by the USGS.

The CGS requested that Mountain Coal
Company release selected drill hole data to fill in
areas where drill holes were spaced more than 1.5
miles apart, to attempt increasing the amount of
measured resources. Data, including geophysical
logs and core logs, were released on 14 drill holes.
Logs of two additional drill holes were obtained
from cross sections within permit documents filed
with the CDMG.

CORRELATION OF
COAL BEDS

Cretaceous coal beds of Colorado are highly
lenticular and their minable thicknesses frequently
extend laterally relatively short distances. Because
of this lenticularity, correlation of coal beds is
difficult.

Colorado Geological Survey

Proprietary data were not available for use in
this study; however, coal bed correlations in the
USGS databases were influenced by a relatively
large amount of closely spaced proprietary data in
some areas. Correlations of previous geologists
were used to a large extent; however, correlations
in this report did not benefit directly from the pro-
prietary data used by some of the geologists pre-
viously working in the area. Previous coal bed
correlation work for either side of the North Fork
valley has generally been done independently, so
correlations are not made across the river from
north to south. Several previous studies, particu-
larly Johnson (1948) and Dunrud (1989), have cov-
ered a relatively large area, including areas both
north and south of the river. Their correlations do
not agree in some instances.

In this report, as in Dunrud (1989), the
Hawksnest bed is correlated as the E bed both
north and south of the river. The bed designated
as the F bed by Mountain Coal, and mined in the
Mt. Gunnison Mine, is designated as the E bed in
this report.

General coal bed correlations in the Somerset
quadrangle are depicted in two coal correlation
diagrams, the locations of which are shown on
Figure 10. Diagram A—-A', on 110, runs east-west
just north of the river. Figure 12 contains a north-
south coal correlation diagram, B-B'. These corre-
lation diagrams illustrate the variability of bed
thickness, splits, and bed position in relatively
short distances, which makes correlation of beds
difficult. Splitting of the B and D beds, with a
defined Lower B or Lower D bed occurring in
some drill holes, is also depicted.
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Figure 10. Map of data points and location of coal correlation diagrams used for the Somerset

quadrangle.
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COMPUTER TECHNIQUES

oottt ddoodooat

Stratifact™ was used to assemble and manipulate
the stratigraphic data. Correlations were made or
modified in Stratifact, then data were transferred
into Access (a Microsoft database program), where
individual bed files were established. Geographic
Information Systems (GIS) coverages were digi-
tized in ArcInfo:

» Drill hole locations were mapped and
digitized.

» Land-use restrictions were digitized, or
existing digital coverages were used where
possible.

» Mine maps were assembled and digitized to
produce a map of mined-out areas for each
coal bed.

» Bed outcrops were constructed based on
project data, geologic mapping (Dunrud,
1989), and topographic mapping and then
digitized.

» Split lines for the B and Lower B beds and
the D and Lower D beds were defined,
mapped, and digitized.

Colorado Geological Survey

» Burn areas shown on the geologic map by
Dunrud (1989) were digitized. The part of
Dunrud’s geologic map in the vicinity of the
Somerset quadrangle was modified to show
bedrock geology, then digitized.

» Existing coverages of surface and mineral
ownership were obtained from the BLM and
modified in the GIS for use in this project.

DST & Associates was responsible for produc-

ing most of the maps and all coal resource tables.
The stratigraphic and GIS data generated by the
CGS was transferred electronically to DST. The
GRASS (Geographical Resource Analysis Support
System) program was used by DST to produce
maps of coal thickness, areas of reliability, and
coal depth (Figures 13 a,b, c through 18 a,b,c);
technologic restrictions (Figures 9a through 9f)
and the required resource calculations (Tables A1l
a,b,c through A7 a,b,c). The maps generated from
GRASS contain some irregular lines resulting from
GRASS being raster based. “Bullets” shown on
some of the maps are caused by GRASS honoring
every data point.
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Figure 13a. Bed thickness (coal isopach) map of the “Lower B” coal bed,
Somerset quadrangle.
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Figure 13b. Map showing areas of reliability of the “Lower B” coal bed,

Somerset quadrangle.
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Figure 13c. Depth to coal (overburden isopach) map of the “Lower B”
coal bed, Somerset quadrangle.
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Figure 14a. Bed thickness (coal isopach) map of the “B” coal bed,
Somerset quadrangle.
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Figure 14b. Map showing areas of reliability of the “B” coal bed, Somerset

guadrangle.
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Figure 14c. Depth to coal (overburden isopach) map of the “B” coal bed,
Somerset quadrangle.
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Figure 15a. Bed thickness (coal isopach) map of the “C” coal bed, Somerset
guadrangle.
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Figure 15b. Map showing areas of reliability of the “C” coal bed, Somerset
quadrangle.
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Figure 15c. Depth to coal (overburden isopach) map of the “C” coal bed,

Somerset quadrangle.
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Figure 16a. Bed thickness (coal isopach) map of the “Lower D” coal bed,
Somerset quadrangle.
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Figure 16b. Map showing areas of reliability of the “Lower D” coal bed,
Somerset quadrangle.
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Figure 16c. Depth to coal (overburden isopach) map of the “Lower D” coal
bed, Somerset quadrangle.
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Figure 17a. Bed thickness (coal isopach) map of the “D” coal bed, Somerset
guadrangle.
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Figure 17b. Map showing areas of reliability of the “D” coal bed, Somerset
quadrangle.
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Figure 17c. Depth to coal (overburden isopach) map of the “D” coal bed,
Somerset quadrangle.
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Figure 18a. Bed thickness (coal isopach) map of the “E” coal bed,
Somerset quadrangle.
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Figure 18b. Map showing areas of reliability of the “E” coal bed, Somerset
guadrangle.
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Figure 18c. Depth to coal (overburden isopach) map of the “E” coal bed,
Somerset quadrangle.
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REsULTS: CoAL RESOURCES
AND AVAILABLE COAL IN THE

SOMERSET QUADRANGLE
OO00000000000000000o0ooboobooooddtn

The Somerset quadrangle contains almost 3.1 bil-
lion tons of total original resources. Approximate-
ly 275 million tons have been removed by mining
or lost in the mining process, leaving about 2.8 bil-
lion tons of remaining resources. Because of land-
use and technologic restrictions, about 2.3 billion
tons (75 percent of the original resources) are
available for mining. The coal resources of the
Somerset quadrangle are summarized in Tables 6
and 7. Tables Al a,b,c through A6 a,b,c provide
detailed information on the coal resources of each
of the six major beds and Tables A7 a,b,c provide
resource information for all the coal beds combined.

OVERVIEW—RESOURCE
CATEGORIES

Original, remaining, and available coal resources
were calculated for the Somerset quadrangle and
are presented in tables in the appendix. Original
resources represent the amount of coal resources
in the ground before production (Wood and others,
1983). Remaining resources are the coal resources
in the ground after coal mined and lost-in-mining
has been subtracted from the original resources

(Carter and Gardner, 1989). Available resources
are the resources that are available for develop-
ment after coal restricted by land-use or techno-
logic restrictions has been subtracted from the
remaining resource (Carter and Gardner, 1989).

Resource estimates are subdivided into cate-
gories of overburden thickness (depth), coal thick-
ness, and reliability of estimate. Overburden cate-
gories used were: 0-200 feet, 200-1000 feet, and
>1000 feet. Two coal thickness categories were
used: 1.2-2.3 feet (14-28 inches) and >2.3 feet (>28
inches). Reliability categories used were measured
(coal within 0.25 mile of a data point); indicated
(coal ranging from 0.25 to 0.75 mile from a data
point); inferred (coal ranging from 0.75 to
3 miles from a data point); and hypothetical (coal
more than 3 miles from a data point).

Figures 19 and 20 illustrate the distribution of
original and available resources of the quadrangle
by bed.

ORIGINAL RESOURCES

More than 1.2 billion tons, or approximately 39
percent of the original resource of 3.1 billion tons

Table 6. Summary of original, restricted, and available coal resources of the Somerset quadrangle by

bed (millions of short tons).

Resource Category Lower Lower

B B C D D E Total
Original resources 95.2 1,202.5 417.6 280.7 666.4 4254 3,087.8
Mined or lost in mining 0 222.6 25.6 0 53 21.9 275.4
Remaining 95.2 979.9 392.0 280.7 661.1 403.5 28124
Land-use restrictions 0 0.1 0.2 0.9 0.4 0.3 19
Technologic restrictions 36.4 198.2 0.9 1759 72.8 0.3 486.3
Available 58.8 781.6 390.9 103.9 587.9 402.9 2,326.0

Colorado Geological Survey
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Table 7. Summary of restricted coal resources of the Somerset quadrangle by bed (thousands of
short tons). All restricted tonnages, regardless of whether they overlap with other restrictions, are
presented. Figures do not necessarily coincide with those in Table 6 because adjustments have been
made for overlapping restrictions in the overall summary totals presented in Table 6.

restrictions

Lower Lower
Resource Category B B C D D E Total
Land-Use Restrictions
Railroads 0 20 0 0 0 81
Streams 0 50 157 950 430 275 1,862
Roads 0 8 132 90 0 281
Total land-use 0 78 269 1,082 520 275 2,224
restrictions
Technologic Restrictions

Interburden < 40 ft 36,351 193,844 175,855 72,564 0 478,614
Burn 0 6,533 0 0 0 6,533
Too thin (<28 in.) 230 0 1,102 0 268 317 1,917
Total technologic 36,581 200,377 1,102 175,855 72,832 317 487,064

in the quadrangle, is B bed coal. The D bed
contains about 660 million tons, 22 percent of the
original resource. The C and E beds each have
more than 400 million tons, which represents
about 14 percent of the resource for the E bed and
13 percent for the C bed.

Approximately 55 percent of the original
resource for all beds is less than 1000 feet below
the surface. Almost all of the original resource is
greater than 2.3 feet thick. Less than 0.05 percent
of the original resource for all beds represents coal
between 1.2 and 2.3 feet thick. More than 99 per-
cent of the coal in this thickness category is from
the B bed.

Almost all the original coal resource falls
within a reliability category of either measured,
indicated, or inferred. Less than 0.5 percent of the
original coal is farther than 3 miles from a data
point and, therefore, falls within the hypothetical
reliability category. The measured category con-
tains 13 percent of the original resource, 38

percent of the original coal is within the indicat-
ed category, and 48 percent is in the inferred
category.
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MINED-OUT AND
REMAINING RESOURCES

The B, C, D, and E beds have been mined within
the quadrangle. Detailed information on mines is
located in the Coal Mining History section.

Of the approximately 275 million tons of coal
mined or lost in mining, 81 percent is from the B
bed, about 9 percent from the C bed, 8 percent
from the E bed, and about 2 percent from the D
bed. Coal lost in mining includes coal unavailable
to be mined due to previous mining of adjacent
beds or mining of coal within the same bed. The
amount of coal resource mined or lost-in-mining
represents about 9 percent of the original resource
of 3.1 billion tons. Remaining resources are, there-
fore, about 91 percent of the original resource, or
2.8 billion tons.

RESTRICTIONS AND
AVAILABLE RESOURCES

Land-use restrictions limit the availability of only
198 million tons of coal, or much less than 0.1 per

Colorado Geological Survey
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Figure 19. Chart showing total original resources in the Somerset
guadrangle (numbers in parenthesis are in millions of tons).
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Figure 20. Chart showing proportions of the six coal beds that make
up the available coal in the Somerset quadrangle (numbers in
parenthesis are in millions of tons).
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cent of the original resource. Technologic restric-
tions, however, limit the availability by almost 500
million tons, almost 16 percent of the original
resource. In cases where both land-use and tech-
nologic restrictions might apply, the technologic
restrictions have been applied, based on the estab-
lished hierarchy. The primary technologic restric-
tion that has been applied is too thin interburden
thickness. This restriction does not impact the E
bed because it has no overlying bed, or the C bed,
which has no areas of thin interburden to the
overlying bed. The entire technologic restriction
for the E bed, about 300,000 short tons, and for the
C bed, about 550,000 short tons, are due to the
thinness of the coal beds. Thin beds account for
about 0.3 percent of the total technologic restric-
tions for all beds.

The B bed has burned near the outcrop in the
west-central and southwest parts of the quadran-
gle, as shown in Figure 9b. The lateral distance of
the burned areas is not well known. This techno-
logic restriction applies to an estimated 6.5 million
tons or about 3 percent of the total technologic
restrictions for the B bed.

58

More than 780 million tons, or approximately
34 percent of the available resource of 2.3 billion
tons in the quadrangle, is coal from the B bed. The
D bed contains almost 590 million tons, 28 percent
of the available resource. The E bed has more than
400 million tons of available coal, or 17 percent of
the total. The C bed contains almost 400 million
tons, also about 17 percent of the total. The other
two beds account for about 7 percent of the avail-
able resource, distributed as follows: Lower D bed
(4 percent), and Lower B bed (3 percent).

Approximately 51 percent of the available
resource for all beds is less than 1000 feet below
the surface. Almost all the available coal resource
falls within a reliability category of either mea-
sured, indicated, or inferred. Less than 0.5 percent
of the original coal is farther than 3 miles from a
data point and, therefore, falls within the hypo-
thetical reliability category. The measured catego-
ry contains 10 percent of the available resource, 35
percent of the available resource is within the
indicated category, and 54 percent is in the
inferred category.

Colorado Geological Survey
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COMPARISON WITH OTHER
CoAL AVAILABLILITY STUDIES

HJoudodoubtbubdbtibtdbdbdbododododod

This coal availability study indicates that about 75
percent of the original coal resources in the quad-
rangle is available for mining. Studies in the
Appalachian coal region indicate that approxi-
mately 50 percent of the original coal resource in
that region is available for development (Carter
and Gardner, 1994). The major differences
between Appalachian and Uinta Basin coal devel-
opment include land and mineral ownership pat-
terns, environmental regulations, mining methods,
topography and land-management policies.

Colorado Geological Survey

USGS and former USBM coal recoverability
studies of the Appalachian region have shown
that less than 10 percent of the original resource
can be mined and marketed at a profit
(Rohrbacher and other, 1994). The coal recover-
ability study of the Somerset quadrangle will be
conducted by the USGS to determine what percent
of available coal is economically recoverable,
through design of theoretical mine plans for the
quadrangle. These mine plans will consider the
restricted resources of the quadrangle and mining
practices of the Somerset coal field.
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COMPARISON WITH PREVIOUS
CoAL RESOURCE CALCULATIONS

Joutdodbodbtdbdbdbtibdododododododot

The coal resources exclusively of the Somerset
quadrangle have not been previously calculated.
In-place coal resources to a depth of 6,000 feet in a
320-square-mile area of the Somerset coal field (in
both Delta and Gunnison Counties) have been
estimated at more than 8 billion tons (Landis,
1959). The estimate of a 210 square mile area of
coal up to 3,000 feet deep is 5.5 billion tons.

An unpublished draft report written by Vard
Johnson on the geology and coal resources of the
Paonia coal area, Delta and Gunnison Counties
(Johnson, 1948a) indicates that more than 4.8 bil-
lion tons of reserves are within his area of study,
of which 1.9 billion tons may be recoverable. The
reserves were segregated into measured, indicat-
ed, and inferred reserves and also classified as
original, remaining and recoverable. There is not
good agreement between the Johnson and Landis
estimates: for two of the townships Johnson shows
considerably more recoverable reserves than
Landis indicates for coal resources. Johnson also
estimates that 12 million tons of coal in T. 13 S.,

R. 90 and 91 W. are strippable.

Landis provided resources for the Somerset
coal field by county, township and range, overbur-
den thickness and coal thickness. Coal tonnage
estimates given for the six townships that occur
within the Somerset quadrangle are in Table 8.

These estimates of original resources, which
total more than 1.9 billion tons, are for beds
greater than 14 inches thick and overburden less
than 3,000 feet. They include measured, indicated
and inferred resource estimates for each township.
The resource calculations for this coal availability
evaluation include beds greater than 3,000 feet
deep, hypothetical resources, and are based on
additional data points.

The Somerset quadrangle does not include
any one of these six townships in its entirety. The
entire portion of two townships (T. 12 and 13 S.,
R. 91 W.) that is within Gunnison County is, how-

Colorado Geological Survey

Table 8. Coal resource estimates for townships
that include portions of the Somerset
quadrangle. (Based on Landis, 1959)

Estimated Coal
Resources

Township (Million Short Tons)
T.12S,R. 89 W. 24
T.12S,R. 90 W. 136
T.12S,R. 91 W. 6
T.13S,R. 89 W. 458
T.13S,R. 90 W. 1,279
T.13S,R. 91 W. 27

ever, within the quadrangle. Resources for these
unique areas have been previously calculated. For
the remaining four townships, other methods
were used to estimate the original resources of the
quadrangle. In cases where drill hole data points
used by Landis are skewed toward a particular
part of a township, the proportion of the township
resources within the quadrangle was estimated
accordingly. Where drill hole data points are rela-
tively evenly distributed, the percentage of each
township underlain by coal that is within the
Somerset quadrangle was estimated. The estimat-
ed percentage of the township resource totals was
then applied to this portion of the quadrangle.
The resource adjustments made are provided in
Table 9.

It is estimated that 1.37 billion tons of original
coal resources was calculated by Landis for the
area underlying the Somerset quadrangle. This
estimate represents about 44 percent of the origi-
nal coal resources of almost 3.1 billion tons calcu-
lated in this coal availability study.
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Table 9. Estimated original coal resources, Somerset quadrangle. (Based on Landis, 1959)

Estimated Estimated Original
Original Percentage of Resources, Somerset
Resources Resources in Quadrangle

Township (Million Short Tons) Quadrangle (Million Short Tons)
T.12S,R. 89 W. 24 20 5
T.12S,R. 90 W. 136 100 136
T.12S,R. 91 W. 6 100 6
T.13S,R. 89 W. 458 10 46
T.13S,R. 90 W. 1,279 90 1,151
T.13S,R. 91 W. 27 100 27
Total 1,930 71 1,371

Comparison of resource estimates for the Som-
erset quadrangle shows the usefulness of periodi-
cally recalculating coal resources for an area when
there have been significant increases in the avail-
ability of data. The coal availability calculation is
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a further refinement, which indicates the amount
of the original coal resource that has already been
mined and the amount of coal available for

development.
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