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Appendix

Tables 4 through 13—Coal Resource tables: the following 3 tables [a,b,c] for each bed listed below.

(a) Summary table showing original, remaining, and available resources.
(b) Coal tonnage unavailable, by specific land-use restriction.
(c) Coal tonnage unavailable, by specific technological restriction.

Table 4a, b, c. — Main Wyodak bed, Category 1
Table 5a, b, c. — Rider Wyodak bed, Category 1
Table 6a, b, c. — Lower Wyodak bed, Category 1
Table 7a, b, c. — Wildcat bed, Category 1

Table 8a, b, c. — Moyer bed, Category 1

Table 9a, b, c. — Main Wyodak bed, Category 2
Table 10a, b, c. — Rider Wyodak bed, Category 2
Table 11a, b, c. — Lower Wyodak bed, Category 2
Table 12a, b, c. — Wildcat bed, Category 2

Table 13a, b, c. -— Moyer bed, Category 2

Abbreviations and Conversions
To convert from To Multiply by
Inches (in.) Centimeters 2.54
Feet (ft) Meters 0.3048
Miles (mi) Kilometers 1.609344
Short tons (2,000 Ibs.) Metric tons (2,204.6 Ibs.) 0.90718474

iii
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Coal availability in the Hilight quadrangle,
Powder River Basin, Wyoming:
a prototype study in a western coal field

By Carol L. Molnia, Laura R. H. Biewick, Dorsey Blake,
Susan J. Tewalt, M. Devereux Carter, and Charlie Gaskill

ABSTRACT

The U.S. Geological Survey (USGS), in cooperation with the Bureau of Land Management (BLM), Geo-
logical Survey of Wyoming, and U.S. Bureau of Mines (USBM), has produced an estimate of the amount of
available coal in an area about 35 miles south of Gillette, Wyo., where the Wyodak coal bed is, in places, more
than 100 ft thick. 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 first western coal availability study, of the
Hilight 7!/>-minute quadrangle, indicates that approximately 60 percent (2.7 billion short tons) of the total 4.4
billion tons of coal in-place in the quadrangle is available for development. (There has been no commercial mining
in the Hilight quadrangle.) Approximately 67 percent (1.9 billion tons) of the Main Wyodak coal bed is considered
available. All tonnage measurements in this report are given in short tons.

Coal-development considerations in the quadrangle include dwellings, railroads, pipelines, power lines,
wildlife habitat (eagles), alluvial valley floors, cemeteries, and the Hilight oil and gas field and gas plant. Some
of these considerations could be mitigated so that surface mining of the coal may proceed; others could not be
mitigated and would preclude mining in their vicinity. Other technological constraints that influence the avail-
ability of the coal include overburden thickness, coal beds too thin, and areas of clinker.
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BACKGROUND AND
PURPOSE OF STUDY

Traditional Federal and State coal resource esti-
mates have not taken into account the multitude of
land-use, environmental, regulatory, technologic, and
economic restrictions to coal mining and coal resource
recoverability. This has led some Federal, State, and
local planners to overestimate the future supply of the
Nation’s coal. A cooperative program, referred to as
“Coal Availability,” between the U.S. Geological
Survey and other Federal agencies and State geo-
logical surveys, was initiated in 1986 to identify
major constraints on the availability of coal resources

for development and to estimate the amount of re-
maining coal resources that may be accessible for de-
velopment under those constraints (Carter and
Gardner, 1989, 1994; Eggleston and others, 1990).
Coal availability studies have been done at the 7'/2-
minute-quadrangle scale; the results are modeled sta-
tistically and can be indicative of larger areas that have
similar developmental restrictions and geologic con-
ditions.

The data generated during the coal availability
studies were shared with the U.S. Bureau of Mines
for use in their coal recoverability studies, where re-
covery and cost factors were applied to the estimated
available coal resources. This results in an estimate
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of the amount of economically recoverable coal [coal
reserves], which is usually far less than the amount
available for development (Rohrbacher and others,
1994).

The coal availability program was first conducted
in the Eastern United States. The results there (see
Comparison to Other Coal Availability Studies sec-
tion of this report) were useful to the coal mining in-
dustry and other resource managers. Seventeen
quadrangles were modeled in the central Appalachian
region of West Virginia, Kentucky, and Virginia. Coal
availability studies have expanded into the northern
Appalachian region, the Illinois Basin, and the West-
ern United States. There was great interest in extend-
ing the program to western coal fields to see what
factors would be involved and how the process could
be applied to the different geologic and mining condi-
tions in the Western United States. The Hilight quad-
rangle study is the first coal availability study in the
western United States.

GEOLOGIC SETTING AND
COAL MINING

The Powder River Basin covers about 22,000
sq miles in northeastern Wyoming and southeast-
ern Montana (fig. 1) and is located in the Northern
Great Plains physiographic province. The structural
axis of the basin trends northwest and is near the
western edge of the basin. The Powder River Basin
has a narrow, steeply dipping western side and a
broad, gently dipping eastern side. The Paleocene
Fort Union Formation along the eastern side of the
Powder River Basin contains some of the thickest
and most extensive deposits of low-sulfur subbitu-
minous coal in the world (Molnia and Pierce, 1992),
including the thick Wyodak coal bed found in the
Hilight quadrangle.

The Powder River Basin of Wyoming was chosen
as the study site for the first western coal availability
study because of its vast coal resources and its impor-
tance in U.S. coal production—nine of the ten coal
mines with the largest production in the United States
in 1995 are located in the Powder River Basin (Key-
stone Coal Industry Manual, 1997, p. 730). All the
coal mines in the Powder River Basin are surface
mines. The Wyoming portion of the Powder River
Basin provides about 20 percent of the coal produced
annually in the United States (Weakly, 1994).

The study site—the Hilight 7'/>-minute quadrangle
(fig. 2)—is an area of about 52 sq miles and is located
in Campbell County, Wyoming, about 35 miles south
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Figure 1. Map showing location of the Powder
River Basin and the Hilight 7'/-minute quadrangle.

of Gillette. The Hilight quadrangle is situated between
the Coal Creek mine (owned by Thunder Basin Coal
Co., a subsidiary of ARCO Coal Co.) and the Jacobs
Ranch mine (owned by Kerr-McGee Coal Co.) (fig.2).
The northern limit of the Jacobs Ranch mine tract ex-
tends into the very southeastern edge of the Hilight
7'/>-minute quadrangle. The formerly proposed
Keeline coal mine (Neil Butte Co.) lies fully within
the quadrangle (see fig. 3); that Federal coal lease has
been relinquished. The productive capacity of that
mine would have been as much as 12 million short
tons annually. The Hilight quadrangle was chosen for
our study because of its location between two active
mines, the interest that had been shown in developing
the coal deposit at one time, and the issues in mul-
tiple-use land management of the area.

The Eocene Wasatch Formation is at the sur-
face everywhere in the Hilight quadrangle except
along the east-central edge, in the drainage of Black
Thunder Creek, where the Paleocene Fort Union
Formation crops out (Coates, 1977; IntraSearch,
1979).

The main coal bed in the Hilight quadrangle is
the Wyodak coal bed of the Tongue River Member
of the Fort Union Formation. Figure 4 shows a com-
posite columnar section that is typical of the Hilight
area. In the quadrangle, the Wyodak coal bed is up
to 120 ft thick, and, in many places, has 1-5 part-
ings that vary in thickness. Overburden thickness





















of active wells would be eliminated from mining ac-
tivities until these wells are no longer actively pro-
ducing. Or, mining activities might proceed around
individual active wells that are given a buffer zone.
Conversely, specific wells might be plugged and then
reestablished after mining.

HILIGHT GAS PLANT: The plant, operated by
Western Gas Processors, has a capacity of about 60
million cubic feet per day (De Bruin and Boyd, 1991).
The plant (fig. 5) connects to several major pipelines
for gas and crude oil, as well as to a pipeline for gas-
processing-plant products. This installation, with a
500 ft buffer, would probably be considered a restric-
tion to coal mining during the time that the neighbor-
ing oil and gas fields are still producing.

POWER LINES: A major power line (fig. 5)
crosses the southwest corner of the quadrangle. At
the time of mining, the implications of moving this
power line would be determined. If it were not moved,
there would be a 300 ft buffer placed on both sides of
the power line, and the coal in that area would be con-
sidered unavailable.

GRAVEL PITS: There are three gravel pits in the
quadrangle (fig. 7). They are developed in clinker and
would not preclude mining. There are numerous other
clinker deposits in this part of the Powder River Basin.

ARCHAEOLOGICAL AREAS: No major ar-
chaeological areas that prevent mining are known in
the quadrangle. There are several minor archaeologi-
cal sites and also several minor historic sites within
the Hilight quadrangle. A mitigation plan would be
developed before these areas are disturbed by coal
mining.

SURFACE OWNERSHIP: Almost the entire sur-
face of the Hilight quadrangle is privately owned.
Surface-owner consultation would be necessary be-
fore mining on this land. There are about 2.5 sq miles
of State-owned surface and less than 1 sq mile of Fed-
erally owned surface, in a quadrangle whose area is
about 52 sq miles.

COAL OWNERSHIP: The Federal Government
owns all of the coal in the Hilight quadrangle except
that beneath about 1/4 sq mile of privately owned land,
and beneath the 2.5 sq miles of State-owned surface.

(b) Technologic Factors:

These are geologic and mining considerations that
could affect the development of coal in the Hilight
quadrangle.

ACTIVE MINES: There are no active mines
within the quadrangle. The northernmost segment of
the Jacobs Ranch coal lease extends into the southern

9

edge of the Hilight quadrangle (fig. 7), but this area
has not yet been mined.

MINED-OUT AREAS: None.

LIMIT OF COAL: The “Coal resource occur-
rence map of the Hilight quadrangle” (IntraSearch,
1979) shows an inferred outcrop trace for the Wyodak
coal bed on the eastern edge of the quadrangle. This
is the only area of Wyodak outcrop within the Hilight
quadrangle. Part of that area has formed clinker from
the burning of the coal bed at or near the outcrop. The
limit of coal (fig. 7) is drawn so that these clinkered
areas are not included in the area considered for re-
source assessment and mine planning.

OVERBURDEN GEOCHEMISTRY: The only
data on overburden geochemistry came from the
Keeline mine permit application (Neil Butte Com-
pany, 1985), which covered an area in the east-cen-
tral part of the quadrangle (see fig. 3). There,
potentially toxic heavy metals and minor elements
were present in relatively small concentrations.
Salinity (based on electrical conductivity measure-
ments) and sodium adsorption ratios (SAR) were
within acceptable limits with only a few isolated
exceptions. Only one component, potentially acid-
producing overburden, was encountered in signifi-
cant areal extent on parts of the former lease area.
However, there is abundant overburden without
these components; those strata would be blended
with the poor-quality overburden to produce an ac-
ceptable mixture. No more than five percent of all
overburden and parting materials was estimated to
require special management because of a variety of
chemical parameters encountered in unsuitable con-
centrations (Neil Butte Company, 1985). This will
be an additional expense for the mining operation
but probably will not prevent mining of any area.

OVERBURDEN THICKNESS AND MINING
CONSIDERATIONS: We assumed that 300 ft of
overburden would be the limit for surface mining,
based on general mining practice in the western
United States and the Powder River Basin. Figure
8 shows the areas of the Hilight quadrangle where
the overburden on the Wyodak coal bed is less than
300 ft thick. This 300-ft cut-off is not an absolute
rule, especially in the case of a coal bed as thick as
the Wyodak bed. Overburden exceeds 600 ft in the
quadrangle, but where the Wyodak coal is about 80
ft thick, the mining ratio (8 feet of overburden : 1
foot of coal) could be attractive under certain eco-
nomic conditions. At the present time, however,
coal mines in the Powder River Basin are not sur-
face mining beyond approximately 300 ft of over-
burden.
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Figure 8. Map of Hilight quadrangle showing areas
where overburden for the Main Wyodak coal bed
is 0-300 ft thick (white), and areas where this
overburden is greater than 300 ft thick (green). For
the purposes of this study, we assumed that 300
ft of overburden would be the limit for surface
mining. Maximum overburden for the Main Wyodak
coal bed in the Hilight quadrangle exceeds 600 ft.

We also assumed that underground mining would
occur where overburden depths range from 300 ft to
1000 ft. We realize that there are no underground coal
mines presently operating in the Powder River Basin
and there are not likely to be in the near future. How-
ever, there has been a feasibility study regarding fu-
ture longwall mining of a coal bed that is over 200 ft
thick in places (the Big George coal bed) which has a
minimum of 1000 ft of overburden (Ahcan and oth-
ers, 1991). (Additional discussion of underground
mining for thick coal beds in the western United
States is found in Hackett and others, 1990.) The
Big George coal bed is down-dip from the Wyodak
coal bed and closer to the center of the Basin; sub-
surface evidence indicates that the Big George coal
bed correlates with the Wyodak coal bed (Molnia
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and Pierce, 1992; Keystone Coal Industry Manual,
1997, p. 693).

We assumed that subsidence (local lowering and
deformation of the land surface) could be likely if
underground mining were to occur, depending upon
the depth to coal, thickness of coal removed, type of
overburden, and other engineering factors. Dunrud
and Osterwald (1980) discuss the higher likelihood of
subsidence in instances where the overburden is less
than about 10-15 times the thickness of the coal that
is mined underground—a situation that could exist
with the Big George coal bed or the Wyodak coal bed.

GROUPING OF CONSTRAINTS TO
MINING IN THE HILIGHT
QUADRANGLE

The actual constraints or restrictions that were used
in the coal availability calculation for the quadrangle
were grouped in many overlapping ways. Those in-
cluded: (1) whether the constraint was a land-use re-
striction or a technologic restriction; (2) whether
the land-use restriction arose from the Unsuitability
Criteria or from other multiple-use management
plans; (3) whether the restriction was located and ap-
plicable where overburden thickness is 0-300 ft., 300-
1,000 ft., or both; and (4) whether the constraint was
likely to restrict a mining operation (as judged by com-
mon local practice) or could be mitigated in some way
to allow mining to proceed. Table 2 shows the re-
strictions that were used for the coal availability cal-
culation in the Hilight quadrangle. The following
discussion explains the terms used and how the group-
ings were determined.

The software that we use for coal availability cal-
culations (see Computer Techniques section) divides
the availability restrictions into two types: land-use
and technologic. Land-use restrictions are placed
upon mining by societal policies to preserve those
surface features or entities that could be adversely af-
fected by mining (Carter and Gardner, 1989). Land-
use restrictions, therefore, may change if societal
interests change. Typically, land-use restrictions ap-
ply to surface mining, but may also affect underground
mining.

Technologic restrictions affect the economics,
safety, or resource extraction during mining and coal
preparation, and are determined by current mining
industry practice. These restrictions change with ad-
vances in science and engineering or with changes in
economic conditions. Technologic restrictions affect both
surface and underground mining but are generally more



Table 2. Constraints to coal mining in the Hilight quadrangle.
[* indicates overburden thickness. “Yes” indicates actual situations that occur in the quadrangle.
“Unsuitability” refers to the coal Unsuitability Criteria listed in the Federal Regulations (43 CFR 3461)]

Restriction Category Type of Land-use; Land-use; Technologic; Technologic;
(1or2) restriction 0-300 ft* 300-1,000 ft* 0-300 ft* 300-1,000 ft*

Railroad 1 Unsuitability  Yes Yes

Power line 1 Multiple use Yes

Cemetery 1 Unsuitability  Yes

Producing oil 1 Multiple use  Yes Yes

& gas field;

active wells

Gas plant Multiple use  Yes

Dwellings Unsuitabilty  Yes Yes

Potential Unsuitability  Yes

alluvial

valley floor

Pipelines Multiple use  Yes Yes

Raptor sites Unsuitability  Yes Yes

Inactive oil & Multiple use  Yes Yes

gas wells

prohibitive to underground mining (Carter and Category 1

Gardner, 1989).

The USGS coal resource calculation program
computes these resources by overburden thickness
categories; for this study (see fig. 8) we divided the
overburden thickness into two categories: 0-300 ft
and 300-1000 ft (surface and underground mining,
respectively).

We further grouped the factors affecting the avail-
ability of coal into two sets: Category 1, those factors
that were likely to restrict a mining operation; and
Category 2, those factors that probably could be miti-
gated in some way. The two Unsuitability Criteria
that are restrictions to mining (railroad corridor and
cemetery) are included in Category 1. Category 1 con-
siderations would result in a certain amount of coal
tonnage being unavailable for coal mining; in contrast,
Category 2 considerations would perhaps increase the
cost and complexity of the mining operation, but,
through mitigating measures, might allow for mining
of the coal involved.

The following are the Category 1 considerations
(areas unavailable because of present land-use and
technologic conflicts). These areas are depicted on
Figure 5.

1

1. Railroad corridor

2. Power line

3. Cemetery

4. Active oil and gas wells
5. Hilight gas plant

Because of the concentration of active oil and gas
wells in the southern half of the quadrangle, we as-
sumed that an area around this entire cluster of ac-
tively producing wells would be eliminated from
mining until these wells are no longer producing. The
area delineated is shown as “Active oil field” on fig.
5. We felt that, because there was such a large quan-
tity of actively producing wells in a small area, it would
not be efficient to try to develop a plan to mine around
each well, and thus we outlined an enclosing area that
would be unavailable for coal mining.

We considered that the railroad, power line, cem-
etery, and gas plant would be land-use restrictions to
mining at both overburden categories (0-300 ft [surface
mining] and 300-1000 ft [underground mining]). Be-
cause Powder River Basin overburden is typically weak,
low in rock strength (Ahcan and others, 1991; Dunrud
and Osterwald, 1980) and susceptible to subsidence, we
restricted mining below these surface features.
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We considered the actively producing oil and gas
wells (individual wells in the north part of the quad-
rangle and the cluster of wells in the south part) to be
a land-use restriction at 0-300 ft overburden category
[surface mining] and a technologic restriction at the
300-1000 ft overburden category [underground min-
ing]. The latter determination is because of the tech-
nologic difficulties involved in underground mining
where producing oil and gas wells intersect the mine.

The following are the Category 2 considerations
(may allow for the mining of coal, through mitigating
measures). These areas are depicted on Figure 6.

Category 2

1. Dwellings

2. Potential alluvial valley floor of Black Thunder
Creek

3. Pipelines

4. Raptor sites

5. Inactive oil and gas wells

We grouped the alluvial valley floor, raptor sites,
dwellings, and pipelines as land-use restrictions for
surface mining operations. They were also consid-
ered to be land-use restrictions for underground min-
ing operations because of the likelihood that they could
be disturbed by surface subsidence. (We included the
raptor sites here because of the possibility that their flora
and hydrology might be destroyed or disrupted by sub-
sidence.) Inactive (but not abandoned) oil and gas wells
would be a land-use restriction for surface mining and a
technologic restriction for underground mining.

For the purpose of the coal availability resource
calculation, we assumed that the smaller number of
inactive oil and gas wells (in contrast to the actively
producing oil and gas wells) would not need to be
grouped together into a single area unavailable to min-
ing, but rather could be considered on an individual
basis and factored into the mine plan, so that mining
could still proceed through them (if they are adequately
plugged) or around them.

Resource and availability calculations were com-
pleted for each of the major coal zones, for the con-
siderations in Category 1 [restrictions to mining] and
in Category 2 [additional considerations to mining]—
by land-use and technologic designations, and by over-
burden thickness. (See Computer Techniques and
Results sections.)

MAJOR COAL ZONES STUDIED

Resources were calculated on five Fort Union
Formation coal intervals (fig. 4). Not all drill holes
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encountered all five coal intervals. If a drill hole started
and (or) ended in a coal bed of interest, we included
that partial measurement in our resource calculations.
We did not include coal beds whose thickness is less
than 2.5 ft, because: 1) these beds, although common
in the Fort Union Formation, are of limited extent and
cannot be correlated over a significant distance; and
2) USGS Circular 891 (Wood and others, 1983) de-
fines 2.5 ft as the minimum thickness of subbitumi-
nous coal for resource calculations.

The five coal zones for which resources were cal-
culated are the Rider Wyodak, the Main Wyodak,
the Lower Wyodak, the Wildcat, and the Moyer.

Resources were not calculated for the Oedekoven
coal bed (fig. 4) because of insufficient data within
the quadrangle. Figure 9 shows some representative
sections from the Hilight study area which include the
Rider Wyodak, Main Wyodak, and Lower Wyodak coal
beds.

The Main Wyodak coal bed is herein defined as
that part of the Wyodak coal interval that occurs as
one bed according to the definition in USGS Circular
891 (Wood and others, 1983, p. 36). Figures 10 and
11 show the variability of the Main Wyodak coal bed;
it can contain many partings, but as long as the part-
ings are not as thick as either of the coal benches they
separate, the Main Wyodak coal bed is considered to
be one bed (Wood and others, 1983). Using this cri-
teria, the Main Wyodak coal bed contains 5-120 ft of
coal in an interval that is 5-156 ft thick. We used two
thickness categories for the Main Wyodak coal bed:
5-40 ft and greater than 40 ft. Overburden thickness
for the Main Wyodak coal bed is 15- 625 ft.

If benches of the Wyodak bed are separated by
partings which exceed the thickness of either adjacent
bench, then the bench must be considered a separate
bed for the purposes of resource calculation (Wood
and others, 1983), and its thickness is not included in
the thickness of the Main Wyodak coal bed. These
separated beds (they do not occur in every drill hole)
were grouped as discussed below.

(a) Wyodak benches above the Main Wyodak bed
were called the Rider Wyodak bed (see figures 9, 10,
and 11). The Rider Wyodak bed can include multiple
benches of Wyodak coal above the Main Wyodak, and
is designed to include all the rest of the benches of the
Wyodak coal bed above the Main Wyodak, regardless
of parting thicknesses. The analysis, currently under-
way, of recoverable coal in the Hilight quadrangle
will determine where the Rider Wyodak coal beds can
be economically mined in conjunction with mining of
the Main Wyodak coal bed.



CD-78041

1 103

104

a1

4900
5
CDC-81092 4850
49
4 4800
CDC-81094 R 3
4750
4700
4650
7
2 4600
2
1 5| 4550
3P
4
HILIGHT
QUADRANGLE

Figure 9. Coal-correlation diagram showing representative sections from the Hilight study area.
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Rider Wyodak; M, Main Wyodak; L, Lower Wyodak coal beds, as used in this report. Numbers are in feet;
elevations above sea level are shown on right margin of figure. Inset map shows location of sections.

Total coal thickness of the Rider Wyodak bed is
3-24 ft, in a stratigraphic interval of 3-90 ft. We used
two coal thickness categories for the Rider Wyodak
coal bed: 3-5 ft and 5-40 ft. [This second category
was chosen to parallel the 5-40 ft thickness category
for the Main Wyodak bed, even though total coal in
the Rider Wyodak bed in the Hilight quadrangle is no
more than 24 ft thick.] Overburden thickness for the
Rider Wyodak coal bed is 0-400 ft.

(b) Wyodak coal benches below the Main Wyodak
bed were called the Lower Wyodak coal bed (figures

13

9, 10, and 11). The Lower Wyodak bed can include
multiple benches of Wyodak coal below the Main
Wyodak, and is designed to include all the rest of the
benches of the Wyodak coal bed below the Main
Wyodak bed, regardless of parting thicknesses. The
analysis, currently underway, of recoverable coal in
the Hilight quadrangle will determine where the Lower
Wyodak coal beds can be economically mined in con-
junction with mining of the Main Wyodak coal bed.
Total coal thickness of the Lower Wyodak bed is
3-25 ft, in a stratigraphic interval of 3-90 ft. We used

U.S. Geological Survey Open-File Report 97-469
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Figure 10. Coal-correlation diagram A-A’, showing coal beds in the Wyodak coal interval. Datum is
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3 for the location of Line A-A’. R, Rider Wyodak; M, Main Wyodak; L, Lower Wyodak coal beds; Local,

unnamed coal bed of limited areal extent.

two coal thickness categories for the Lower Wyodak
coal bed: 3-5 ft and 5-40 ft. Overburden thickness for
the Lower Wyodak coal bed is 75-600 ft.

The Wildcat coal bed is 3-16 ft thick and typically
occurs in one bench. We used two thickness categories
for the Wildcat coal bed: 3-5 ft and 5-40 ft. Overburden
thickness for the Wildcat bed is 500-1300 ft.

The Moyer coal bed is 3-11 ft thick and typically
occurs in one bench. The two thickness categories that
we used for the Moyer coal bed are: 3-5 ft and 5-40 ft.
Overburden thickness for the Moyer bed is 650-1370 ft.

The data set of stratigraphic information used for
resource calculations and for the determinations dis-
cussed above includes data points within the Hilight
quadrangle and data points within a three-mile-wide
band surrounding the quadrangle. The total was ap-
proximately 350 data points (fig.3). The data in the
three-mile band around the Hilight quadrangle were used
to guide and control the computer-generated grids of coal
thickness and overburden thickness in the quadrangle,
and to complete the calculation of measured, indicated,
and inferred coal resources for data points within the
Hilight quadrangle but close to the quadrangle border.

U.S. Geological Survey Open-File Report 97-469

COMPUTER TECHNIQUES

The study involved compilation of three basic
types of data. The first is point-source data on coal-
bed thickness, elevation above sea level, and coal qual-
ity. BLM supplied digital files of publicly available
drill-hole data in and around the Hilight area; these
files contained coal-bed names and correlations, es-
pecially for the Wyodak coal bed, and were used after
minor revisions. Additional public drill-hole data,
which also contained coal-bed thickness, bed name,
and elevation (from the Coal Resource Occurrence—
Coal Development Potential studies of Federal coal
resources) were retrieved from the USGS National
Coal Resources Data System for the Hilight quad-
rangle and for the surrounding eight quadrangles, and
were used after minor revisions.

The second data type consists of line data that
define coal outcrops, boundaries, and areas that pose
potential restrictions to mining, as well as other
land-use considerations. Many of these data were
also provided by the BLM in digital format. Other
line data were plotted on 7'/-minute topographic maps
and digitized by the USGS. Most of the line data which

14
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Figure 11. Enlargement of coal-correlation diagram A-A’ from Figure 10; no vertical datum and no
horizontal scale. Note variations in thickness in the Main Wyodak coal bed and variations in number of
partings. Thickness values shown in feet. See Figure 3 for the location of Line A-A’. R, Rider Wyodak;
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define areas of technological restrictions, i.e., coal too
deep or too thin, were generated by our public-do-
main GIS software, GRASS (Geographical Resource
Analysis Support System, U.S. Army Construction
Engineering Research Laboratory), from grids of coal
thickness and overburden thickness.

The third type of data is the digital elevation mod-
els (DEM’s), which are digital files of surface topog-
raphy, produced by the National Mapping Division of
the USGS. The DEM surface-elevation raster is used
to calculate overburden thickness. A computer pro-
gram subtracted one raster (the elevation of the top of
the coal) from a second raster (the DEM raster of
surface elevation) to generate a raster of overburden
thickness.

The overall steps required to calculate coal re-
sources for this study included: (1) acquisition of coal
stratigraphic and analytical data, and their transfer into
a point-data management system; (2) correlation and
grouping of coal beds by bed or zone; (3) transfer of
point-source and line data into a geographic informa-
tion system (GIS); (4) conversion of point-source and
line data into rasters using GIS programs; (5) calcula-
tion of original coal resources from rasters; and, fi-

nally, (6) calculation of restricted coal tonnages and
coal tonnages available to mining, by overburden thick-
ness and by Category 1 and 2 restrictions. The meth-
odology for coal-resource calculations used in this
study follows the Coal Resource Classification System
of the USGS (Wood and others, 1983).

Computerized techniques are used to facilitate
visualization of coal-bed correlations and calculation
of original, restricted, and available resources. The
point-source geologic data were initially processed
using StratiFact software (GRG Corporation) to store,
manipulate, and graphically display cross sections
throughout the quadrangle; to correlate coal beds be-
tween drill holes; and to group coal beds and partings
by assigning coal bed designations. Then, coal-bed
data were retrieved by bed designations and brought
into GRASS, which contains the USGS coal resource
calculation programs.

Digital line data obtained from BLM was pro-
cessed using a GIS called ARC/INFO (Environmen-
tal Systems Research Institute, Inc.) to clean the data
(delete dangles, intersect lines, and create topology)
and to reformat the BLM digital files so they also could
be imported into GRASS. Line data digitized by the
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estimates for this area by Berryhill and others (1950)
did not include coal resources with over 1000 feet of
overburden.

Comparison of these Hilight resource estimates
show the usefulness of periodically recalculating coal
resources for an area when there have been increases
in data quantity and quality over time. The coal avail-
ability calculation is a further refinement—it deter-
mines how much of the total coal resource has already
been mined, and how much would actually be acces-
sible for development. These kinds of determinations
can better guide us as an economy and a society as we
develop our natural resources and the lifestyles that
depend on them.
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