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This Lake Powell Research Project Interim

Report is a preliminary version of a chap-
ter in the Kaiparowits Handbook, a loose-

leaf data book about the natural and human
resources of the Kaiparowits region. Work
on the Handbook is currently in progress.

A similar chapter on water resources will

be released in the summer of 1975.

Additional copies and further information
about the work of the Kaiparowits Resources
subproject of the Lake Powell Research
Project may be obtained from:

Priscilla C. Perkins

Institute of Geophysics
U.C.L.A.

Los Angeles, California 90024

Please remit $2.00 per copy, and make
checks payable to the Regents of the
University of California.
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LAKE POWELL RESEARCH PROJECT INTERIM REPORT
KAIPAROWITS HANDBOOK: COAL RESOURCES

A. COAL RESOURCES OF THE KAIPAROWITS REGION

l. Introduction

a. Origin of Coal

Coal is composed of the fragments of ancient plants
that grew in swamps, marshes, or lagoons, or that were trans-
ported to and deposited in such environments by erosional
processes. Two things are thus necessary to form a coal
deposit: a warm, humid environment which produces a great
abundance of plant life, and a basin of some sort in which
the remains of the plants are accumulated. Figure 1 illus-
trates a swamp environment which would be favorable for the
deposition of plant material and the eventual formation of
coal. As the plant remains continue to collect year after
year in a swamp (especially one that is slowly sinking),
the fragments lowest down are compacted and eventually are
turned into peat.l The greater the amount of plant remains
deposited in the swamp, the thicker the peat bed, or the
eventual coal bed, will be. In time, environmental condi-
tions change, and the swamp disappears, perhaps flooded by
the sea and covered by marine sands, or buried by continen-
tal deposits of sand and gravel brought down by streams. It
may even be eroded away if the area experiences uplift. If
the deposit is continually buried by successive layers of
sediment, the peat is further compacted by the weight of
the overlying material, and very slowly, over millions of
years, the earth's internal heat and the pressure of the
overlying rocks may turn the peat into coal.
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a portion of a large delta. )

Figure 1. Sample geologic environments favorable for the
accumulation of peat which may later turn to coal.

Reproduced from (a) Open University Course Team,
1974, The Earth's Physical Resources, Block 2:
Energy Resources, Open University Press, p. 26,
Figure 17; and (b) Simon, Jack A., and M. E. Hop-
kins, 1973, "Geology of Coal," in Elements of
Practical Coal Mining, S. M. Cassidy, ed., Society
of Mining Engineers, New York, p. 15, Figure 3.
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Coalification is the process by which compacted vege-
table matter, or peat, becaomes coal, and the term is thus
used to describe all the physical and chemical changes that
occur while peat is changing to coal. Basically, there is
a reduction in the moisture and volatile matter,2 and an
increase in density, fixed carbon, and heating value.3

b. Ranks and Uses of Coal

Coal is ranked according to its content of these com-
ponents, as can be seen in Figure 2.4 The terms "lignite,"

"sub-bituminous," "bituminous," and anthracite" describe

coal in increasing stages of coalification. Thus, to a great
degree the rank of the coal, as measured by these variables,
depends upon the depth to which the material was buried
within the earth and the length of time it spent there. 1In
general, the greater the depth of burial of the peat within
the earth, the hotter the temperature, and the more com-

pacted and "cooked" the peat becomes.5

The basic reason for the difference between most
coals in the eastern United States (bituminous and anthra-
cite) and those found west of the Mississippi River (primar-
ily lignite, sub-bituminous, and high-volatile bituminous)
is the age, or duration and depth of burial within the earth.
Eastern coals are of Pennsylvanian age (the period from 270
to 305 million years ago), whereas western coals are Creta-

ceous in age (70 to 135 million years ago).
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The need for increasing the production of coal for
electric power generation is well recognized. The conver-
sion of coal by gasification to supplement natural gas and
by liquefication to supplant the use of petroleum in trans-
portation is now established as a national'goal. Emphasis
on research in coal technology will certainly increase the
demand for coal in the future. At present, however, the
two largest users of coal in the United States are the metals
industry and the electric power utilities. The metals in-
dustry, which includes steel and iron producers, uses coal
both to fire furnaces and to reduce iron ores to metallic
iron. For these purposes, they require the higher quality
coals (anthracite and bituminous) and those bituminous coals
that will coke. Electric power utilities are usually con-
cerned only with the unit cost of the coal per Btu, and

therefore most often use the lower grade g:oals.6

c. Coal Provinces

The United States has been divided into six coal pro-
vinces on the basis of the geologic age, geologic structural
setting, quality, and location of the coal (Figure 3). The
Kaiparowits coalfield is contained within the Rocky Mountain
Coal Province, which extends from northern Idaho and Montana

to southern Arizona and New Mexico. Coal-bearing rocks range

in age from Cretaceous to Miocene (from about 135 to 35 million

years in age) within the Rocky Mountain Province. The Pro-
vince contains coal of all ranks, ranging from lignite to
anthracite. Figure 4 shows the Kaiparowits Plateau field
in relation to other southern Utah coalfields.

-——-----_--,
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2. Geologic History of the Kaiparowits Region

The geologic history of the Kaiparowits Plateau coal-
field has been reconstructed by scientific interpretation of
the record preserved in the rocks of southern Utah (Figure 5).
We begin our description of the geologists' reconstruction
of this history by considering a time before the coal was
deposited. The rocks which now form the walls of the Grand
Canyon were deposited before the end of the Paleozoic era.
Most of the rocks which we see today in the Kaiparowits
region are younger. Our story begins at the start of the
Mesozoic era, 225 million years ago. During the first
half of the Mesozoic era (in Triassic and Jurassic time,

225 to 135 million years ago), thick layers of continental
sediments (those deposited on land rather than in the ocean)
were formed. Because the land was slowly but steadily
sinking in this region, material eroded from the highlands
to the south and west was washed down and deposited in
stream channels, valleys, sand dunes, and lakes. The envi-
ronment of deposition was quite similar to that in deserts
of the Southwest today. In Mesozoic times, however, an
ocean covered what is now the State of Nevada. Occasionally
a tongue of the sea made its way into the area from the
ocean, depositing some marine sedimentary rocks. The
period of time during which these processes took place
(Triassic and Jurassic) was 90 million years long, so it

is not at all surprising to find that the shoreline moved
back and forth across a distance of several hundred miles
during so long a time. The Triassic Moenkopi Formation

and the Jurassic Carmel Formation in southern Utah were
deposited by some of these marine invasions. Also formed

during this period were the great desert sand dunes_which



Figure 4.

Coalfields of southern Utah.

Reproduced from Bureau of Economic and Business
Research, University of Utah, 1973, Utah!
Facts: An Introductory Handbook to the Indus-

trial Development Information System, Arrow

Press, Salt Lake City, Utah, Section V.,
Figure A-3.
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Figure 5.

Generalized chart of time and rock units
of the Kaiparowits region, Utah

Adapted from: Hintze, Lehi F., 1973, Geolo-
gic History of Utah, W
Geology Studies, 20, pp. , 160-161, Charts
43 and 44; Newman, William L., 1974, Geologic
Time, U. S. Geological Survey Information
Circular, pp. 6-7; Oetking, P., et al., 1967,
Geological Highway Map of the Southern Rocky

Mountain Region, Map No. 2, American Assocla-
tion of Petroleum Geologists.

Thickness of the Straight Cliffs Formation at
the type locality is:

Drip Tank member 140-220 feet

John Henry member 740 to 900 feet

Smokey Hollow Member 115 to 280 feet

Tibbet Canyon member 90 to 110 feet
(Howard D. Zeller, personal communication,
2/10/75)



11

Vi3 NVIEHYO3Yd

1§ eposju)

TS

Wy s —

QSN Yo/ 1S

— STt
SR N AT e MU LR A
L B s ] i o "oys uuno;.. I
:.-a.w—.l.va . . - .' o ” 1r.n,vu92rr20.du
Mlamxml L ouad B T Y il |uoTaeuIo ] (e jety)
49U — MO0 £33 * . LR S

45 195vy 1§ i _ cmﬂ_uian TSI [ W mopon 23 sSIJITTIO _. -%¥3 MI07083

” . ! c p .

[TCRTIY WA LP _ B oog erL | i Moy .iw” m. U.ﬂ_”m..ﬁm n_.m !

. ~ori | AN dog_ |3 '
. pouag : : o j
e . UeiaiAopIQ
13 ! avy - juoTy
mHHBNMMMMOMHQQ ~ ) o5zl IWE.HO& Cer -
Faes9 S¥00I Ou “ L desmyemii ! . pousg
osoy3l JO sy | uepn|is : : I snosanjang
o0e] 4 : 1, 4
. polyd iy !
w3 .
~—iee ri.lms:o%ali;, 5 2117 warony Jo a%y) :
T |2 | potsag _ V43 01020314 .
_lg . pe L

Wity »ucoos.l °, cwmnn_mm_mm:& | ! .
N o ooy e , e e ASOT ‘ UoT3RWIOH n
Wy REI o i) wN M ﬂo_._um ! [\ ]2 wu..ﬂzo.nﬁ.mmﬁﬁz 0

a3 ) . . .
E._\;.:o: 2| uejueajAsuuad ' il m
3 ul . i
3 m-. . | 0¢Z i o
1 o
. ! - '
_. ‘ <9
uo|ipusg l | . s f At
s ol £201°0 | _=d 404 veaad
T poung e S
al ueludgd s «.!J..mﬂ%n:?ﬁ. . . :
! _ E wi e 5 | TR0 | ot W.Mm .

g 120y vetiQ .d: \ w4 pusp veg al =3 S Am:.. PRI mw..o
p——1 ve - * m.rm e S ERhlT
wj g5ixoie]) _.. e P | [3N09110 AEERRIRE
g wi e | Sz e omtang || . ol

RS A oHo.M wepmi |y HIWHI0NWN 0°5
wysowom e Lt ) R - -
i s ' ponsd frewsarend.
R IR [ . -. - 1 <
" ATooy [ bored 13! ) ANAS D3l
el 5] d o — R
:{052-031 : Z
3 - sseu] RZ
0510 | WPy pingD | w Jssel |
AL ) o . . Qovaad AP 23
wy vualey SNOINNA04 BE
Fo=====" a m
g o 5
n:o.M \M w;.
vo L]
-co..M.,.nmuz ¢=«.Hw Qw—. w.:
/ - . . .
et B SADIL a? T
(3 esipary jo 22y ‘ AR =202
——— o w3 0102083 RO I g2z N/ ST vA
wy pwie) ! pouad ’ ~
! Jussen(

fAaN= D)
¥ AW HO 1Y) QERINERNES

. I
-l N N s
PE EN _EN N S Ny EE B am
] -



12

later were turned into the sandstones of the Navajo Forma-
tion (well-exposed today in the cliffs of Zion National

Park), and the uranium-rich sands of both the Shinarump member

of the Chinle Formation and the Morrison Formation. Toward
the end of the Jurassic, a broad uplift of the land raised
these sediments and tilted them to the east, thus stopping
deposition and starting a period of erosion. This period
of erosion, during which some of the previously deposited
sediments were completely eroded away, lasted until the
latest Lower Cretaceous time (about 110 million years ago)
when the land once again began to sink and new sediments

were deposited.

This renewed period of subsidence was the time during
which the Kaiparowits coal was deposited. At first, rivers
and streams transported sand and mud from the rising high-
lands to the southwest, depositing it in broad plains at
the base of the hills. Also, during this time, movement
first began along the lines that now mark the axes, or ’
"backbones," of the folds that we see in the rocks today.
During long periods when there was not too much material
being eroded from the hills and deposited on the flood-
plains, these low areas became swampy, and thus an environ-
ment favorable for the accumulation of peat came into being.
This was the time during which the Dakota Formation was
deposited. As the land subsided, the sea began slowly
to flood the area, moving inland from the direction of the
present Gulf of Mexico, and also possibly down from the
Arctic, forming the so-called Western Interior Cretaceous
Seaway (Figure 6). As the shallow sea began to inundate
the continent (that is, as subsidence of the land con-

tinued), the area changed from a terrain of streams and
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plains to one with many lagoons. The lagoons were succeeded
by beaches and finally were covered by marine waters as the
sea advanced over the land. In the new marine environment,
the muds which later were lithified to become the Tropic

Shale were deposited.7

After the maximum advance of the inland sea, the
shoreline began to retreat slowly. Folding of the rocks
continued, at irregular intervals, creating local uplifts
and depressions which collected material eroded from the
highlands. Although the sea continued to retreat gradually
to the east, the shoreline repeatedly fluctuated back and
forth across the eastern half of the area which is now
the Kaiparowits Plateau. At that time, the Kaiparowits
area was a basin in which sediments were accumulating.
Most of the time, the ancient shoreline was approximately
parallel to the present-day northwest-southeast trend of
the Straight Cliffs. This was the period of deposition
of the Straight Cliffs Formation. Marine sands were de-
posited offshore parallel to the beaches, and long lines
of sandy barrier islands protected swampy inland lagoons
from the ocean waves. Landward from the broad swampy
lagoons, in which the material of the coal slowly accum-
ulated, lay the alluvial plains which were occasiocnally
overrun by streams bringing sand and mud down from
the highlands. This ancient pattern of depositional
environments probably closely resembled the present-day
east coast of Florida, where Daytona Beach protects the

great expanse of the swampy Everglades from the sea.
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Figure 6.

Geological reconstruction of the ancient
geography of the Kaiparowits region during
the Cretaceous. The position of the Wester
Interior Seaway is shown during the time of
deposition of peat which eventually became
the Christensen coal zone. l

Reproduced from Doelling, H.H., and R. L.
Graham, 1972, "Kaiparowits Plateau Coal Fielm,
in H.H. Doelling and R. L. Graham, South- ]|
western Utah Coal Fields: Alton, Kaiparo-
wits Plateau and Kolob-Harmony, Utah Geologj
and Mineralogical Survey Monograph Series Ni
p. 90, Figure 11, modified from Peterson,
Fred, 1969, Cretaceous Sedimentation and
Tectonism in the Southeastern Kaiparowits
Region, Utah, U.S. Geological Survey
Open File Report, p. 193.
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As the sea continued to retreat during the Upper
Cretaceous, continental deposits now known as the Wahweap
and Kaiparowits Formations buried the older marine and
lagoonal deposits. Both coarse and fine sediments were
laid down, sometimes simultaneously and sometimes in
alternating sequences. This was also a time when dino-
saurs roamed the area, for numerous fossil reptile bones
are found at certain places in the Wahweap and Kaiparowits
Formations. Following the accumulation of these thick
continental sediments (in late Upper Cretaceous time, about
75 million years ago), the entire area was again uplifted
and subjected to erosion.8 During the latest Cretaceous
and early Tertiary periods (about 75 to 40 million years
ago), the land in the Kaiparowits region was alternately
uplifted, tilted, eroded and downdropped. During various
depositional periods, additional continental and lacustrine
beds were deposited, such as the Wasatch Formation, which
forms the Pink Cliffs and delicate pinnacles of Bryce
Canyon. Folding continued to deform the rocks of the Kaiparo-
wits region, and molten rock began to pour out over the surface
of the land from numerous vents and fissures. This volcanic
activity occurred in mid-Tertiary time (about 40 million years
ago). The rocks capping Boulder Mountain belong to this
group. Some geologists think that the Paunsagunt Fault
(east of Bryce Canyon) and the East Kaibab Monocline
("The Cockscomb") became active at this time. Possibly
faulting and earthquake activity were genetically related
to the volcanism which was present at the same time.
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Since mid-Tertiary time, uplift and erosion have
dominated the geologic history of the Kaiparowits region,
and they have given the finishing touches to the physio-
graphy of the Kaiparowits Plateau (Figure 7).

3. Quantity of Coal in the Kaiparowits Region

Prior to the publication in 1931 of Gregory and

Moore's work The Kaiparowits Region, nothing was known

about the extent of the coal deposits on the Kaiparowits
Plateau except in the area immediately surrounding the

town of Escalante and the Henrieville-~Tropic area.

However, since the early 1960s, increased interest

in coal as an energy source has caused both

private energy interests and public information agen-

cies to look in much greater detail at the coal deposits

of the Kaiparowits Plateau. The beginning of serious geolo-
gical assessment of coal resources in the Kaiparowits

region coincided in time with the completion of Glen

Canyon Dam in 1963.

- Estimates of the amount of coal in the Kaiparowits
Plateau have been published by both the U. S. Geological
Survey and by the Utah Geological and Mineralogical Survey.
These estimates are listed in Table 1. Many factors
can influence the accuracy of these estimates. First,
because of the absence of working mines and lack of
detailed exploratory drilling in the area, most of the
information about the thickness of the coal seams has
been obtained from outcrops. Many of these outcrops have
been burned. The U. S. Geological Survey estimates that
over 10 billion tons of Kaiparowits coal have burned

in natural fires during the last million years.9 In many
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Figure 7.

Physiography of the Kaiparowits region.

Adapted from Doelling, H.H., and R. L.

Graham, 1972, "Kaiparowits Plateau Coal
Field," in H.H. Doelling and R. L. Graham,
Southwestern Utah Coal Fields: Alton, Kaipar-

owits Plateau and Kolob-Harmony, Utah Geo-
logical and Mineralogical Survey Monograph
Series No. 1, p. 70, Figure 2.
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Table 1. Estimates of Quantity of Coal in the
Kaiparowits Plateau

Year Source Amount

1961 U. S. Geological Surveya 3 billion
tons

Initial gross estimate of reserves in beds over 14
inches thick and under less than 3000 feet of over-
burden. Based on a few measurements of coal thick-
nesses made by Gregory and Moore (1931) and on
general considerations of the thickness and nature
of the coal-bearing rocks.

1969 U. S. Geological Surveyb 7.3 billion
tons

Resources determined from mapping and exploration
for coal with up to 3000 feet of overburden. Esti-
mate by F. C. Peterson based on detailed mapping
then in progress, with estimate that potential total
would be much larger.

1972 Utah Geological and Mineralogical SurveyC 15.2 billion
' tons
Coal reserves based upon geologic and geographic
position and coal outcrop and drill-hole informa-
tion where available. 1Includes coal in beds
more than 4 feet thick and under less than 3000
feet of overburden.

1974 U. S. Geological Survey® 40 billion
tons

Unpublished information based on mapping and coal
drill-hole information. This is a gross estimate
of total resources made for in-house use and in-
cludes coal in seams as thin as 14 inches and coal
under as much as 6000 feet of overburden. This
figure is being revised upward as of November 1974.

aAveritt, Paul, 1961, Coal Reserves of the United States, A
Progress Report, January 1, 1960, U. S. Geological Survey
Bulletin 1136, U. S. Government Printing Office, pp. 79-80.

bAveritt, Paul, 1969, Coal Resources of the United States,
January 1, 1967, U. S. Geological Survey Bulletin 1275, U.S.
Government Printing Office, p. 42.
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Table 1. footnotes continued

®boelling, H. H. and R. L. Graham, 1972, "Kaiparowits Plateau
Coal Field," in H.H. Doelling and R. L. Graham, Southwestern
Utah Coal Fields: Alton, Kaiparowits Plateau and Kolob-
Harmony, Utah Geological and Mineralogical Survey Monograph
Series No. 1, pp. 102-103.

dHoward D. Zeller, personal communication, 1974.
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areas, outcrops are limited, which makes estimation of

the presence of coal subject to substantial uncertainties.
Also, many coal seams are very lenticular, so that the
lateral continuity and extent of coal seams seen in outcrop
is always in question. Further, each estimate is subject
to certain qualifications as to how much coal constitute
reserves and how much may be counted as resources.lo

The Utah Geological and Mineralogical Survey esti-
mates that Kaiparowits Plateau coal reserves amount to
15.2 billion tonms.M!
in layers more than 4 feet thick and under less than

This figure includes only the coal

3,000 feet of overburden. The U. S. Geological Survey has
been actively mapping the coal lands of the Kaiparowits
Plateau since 1963,12 and in 1969 the Survey increased

its estimate of Kaiparowits coalfield resources from the
original figure of 3 billion tons first estimated in
1961%3 to 7.3 billion tons.l?
total resources as determined by ongoing mapping and ex-

These numbers refer to

ploration and as judged under the criteria of public coal

lands.15

Subsequently, based upon information obtained by
additional mapping, the Survey has increased its estimate
of total coal resources in the Straight Cliffs Formation

of the Kaiparowits Plateau coalfield to 40 billion tons.16

Extensive mapping of the Plateau is still being con-
ducted by the U. S. Geological Survey to obtain a complete
picture of the coal seam outcrops. Also, federal and
state coal land lessees have been conducting detailed
drilling programs to determine the extent of their coal
holdings. This information, when complete and publicly
available, will almost certainly allow a more accurate

’
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assessment of the total coal resources of the Kaiparowits

Plateau.17

The large quantity of coal on the Kaiparowits Pla-
teau makes it one of the most important potential mining
centers in the West. The coal resources in the Plateau
constitute about 50% of the total coal resources in the
State of Utah, and represent one of the largest untapped
coalfields in the United States.18

a. Geographic Divisions of the Kaiparowits Coalfield

The Kaiparowits coalfield has been divided into three
geographic areas (Figure 8A) and into three geological divi-
sions defined by areas of deposition of three major coal
zones (Figure 8B). The southern part of the Plateau which
drains southeastward toward the Colorado River is called the
Smoky Mountain area. The northern section of the Plateau,
draining eastward into the Escalante River, comprises the Es-
calante area. The third division lies to the west, and con-
tains the broad amphitheater that forms the headwaters of the

south~-flowing Paria River. It is called the Tropic Area.
b. Coal Zones

At Kaiparowits, coal of possible economic importance
is confined to the Dakota and Straight Cliffs Formations in
seven distinct zones. These zones, in order from oldest to
youngest, are: Dakota, Smoky Hollow, Lower, Christensen
(or Henderson), Rees, Alvey, and Upper Alvey. As shown
in Figure 9, all but the Dakota zone are contained within
the Straight Cliffs Formation. The Dakota, Smoky Hollow,
and Lower coal zones very rarely contain coal seams thicker
than 4 feet, although the Dakota may yet prove to be impor-

tant in the Tropic area, where the Dakota has been little
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Figure 8B.

ESCALANTE AREA

S SMOKY MOUNTAIN AREA

. Axis of best Rces zone

IS ST
development

Areas of coal deposition in the Kaiparowits
coalfield.

Reproduced from Doelling, H.H. and R. L.
Graham, 1972, "Kaiparowits Plateau Coal
Field," in H.H. Doelling and R. L. Graham,
Southwestern Utah Coal Fields: Alton, Kai-

parowits Plateau and Kolob-Harmony, Utah
Geological and Mineralogical Survey MOno-
graph Series No. 1, p. 103, Figure 17.
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Figure 9.

Diagrammatic representation of the coal zones
within the Straight Cliffs Formation, south-
ern Kaiparowits Plateau.

Reproduced from Doelling, H.H. and R. L.
Graham, 1972, "Kaiparowits Plateau Coal
Field," in H.H. Doelling and R. L. Graham,
Southwestern Utah Coal Fields: Alton, Kai-
parowits Plateau and Kolob-Harmony, Utah
Geological and Mineralogical Survey Mono-
graph Series No. 1, p. 79, Figure 7, modi-
fied from Peterson, Fred, 1969, Cretaceous
Sedimentation and Tectonism in the South-
eastern Kaiparowits Region, Utah, U.S.
Geological Survey Open File Report, pp.
149-150.
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studied.19

thickness of about 11 feet in the Griffin Point area, but

The Upper Alvey coal zone reaches its maximum
it is of very minor importance elsewhere.

The Rees coal zone is best developed along an axis
trending south-southeast from the Griffin Point-Upper Valley
area to the junction of Rees and Last Chance Canyons (Figures 7
and 8). The zone lies about 850 feet above the base of the
Straight Cliffs Formation, and coal may be found anywhere
within the 250 to 300 foot vertical extent of the zone.

Maximum measured thicknesses of coal seams in the Rees zone
are about 14 feet, but they average only 5 feet along the
axis and thin rapidly in both directions off the axis.

In many places, the zone splits into many widely spaced

. . . A
seams which are always lenticular and difficult to trace.20

The Alvey coal zone is about 950 feet above the base
of the Straight Cliffs Formation, and is normally about 100
feet thick. Seams up to 20 feet thick have been found, but
the average thickness is closer to 6 feet. The area of
Alvey deposition is shown in Figure 8. The coal seams in the
zone are lenticular, and many thin and pinch out. The Alvey
"zone is of greatest importance in the Escalante area, ‘and

is always mineable in its principal area of deposition.20B

The Christensen coal zone is by far the most valuable

in the Kaiparowits Plateau coalfield. It occurs in a broad

northwest-southeast trending band about 15 to 20 miles
wide, and contains a few seams up to 25 feet thick (Figure
8). The zone itself varies in thickness, but is usually
found from 550 to 650 feet above the base of the Straight

Cliffs Formation. 1In the Tropic area, the zone known as
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the Henderson coal zone is probably correlative with the
Christensen. Individual seams in the Christensen zone ap-
pear to thicknen to the northeast.21 Like the Alvey coal
zone, individual coal seams of the Christensen zone thin
and thicken, and in places pinch out, but again there is

almost always at least one mineable seam present.

Natural coal fires burning in the Smoky Mountain
and Burning Hills areas have destroyed many of the good
coal seams originally present. Apparently, the U. S. Bureau
of Mines has successfully extinguished a number of these
fires, but still some continued to burn in the summer
of 1974.

4. Rank and Quality of Kaiparowits Coal

The grade or quality of coal is usually quite in-
dependent of the rank of the coal.22 The quality of a
coal sample describes its content of deleterious consti-
tuents, such as ash and sulfur, whereas a coal's rank de-
scribes its heat content and moisture. Figure 10 shows
how the rank of coal is related to carbon content (see also
Figure 2 and Footnote 4). The oxygen and hydrogen content

of coal also varies with rank.

The environmental impact of burning coal varies
according to its rank and its concentrations of contami-
nants. Combustion of low sulfur coal with a small heat
content may have as large an impact on the environment as
burning a high rank coal with a relatively high sulfur
content. Similar impacts may be produced by combustion of
a low ash, low heat content coal, although ash and heat
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Figure 12.

Heat content vs. sulfur content for coals from
Kaiparowits and surrounding coalfields.

Source: Plotted from data in Doelling, H.H.,
1972, "Coal in Utah - 1970," in H.H. Doelling,
Central Utah Coal Fields: Sevier-Sanpete,

Wasatch Plateau, Book Cliffs and Emery, Utah

Geological and Mineralogical Survey Monograph
Series No. 3, pp. 557-558.
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Figure 13A.

Heat content vs. ash content for coals from

coals from Kaiparowits and surrounding coal-
fields.

Source: Plotted from data in Doelling, H.H.,
1972, "Coal in Utah - 1970," in H.H. Doelling,
Central Utah Coal Fields: Sevier-Sanpete,
Wasatch Plateau, Book Cliffs and Emery, Utah

Geological and Mineralogical Survey Monograph
Series No. 3, pp. 557-558.
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-

content are more often associated than sulfur and heat
content. Figures 11, 12, and 13A show graphically how
coal from several Kaiparowits coal zones compares with
other coals from surrounding areas in terms of environ-
mentally significant properties.

Analyses of coal from the yvarious areas of the Kai-
parowits Plateau are shown in Table 2. About half of these
analyses are for weathered samples from surface outcrops
and old mines. Since these samples are weathered, they
show slightly lower overall rank than do fresh samples,
and thus they lower slightly the average coal rank of the
entire area. The rank ranges from sub-bituminous C to
high volatile bituminous A. The ash content is moderate
to high, and the sulfur.content is moderate to low. The
lowest heating value is found for coal from the Tropic
area, where the coal contains more moisture and ash. The
heating value of the Smoky Mountain coal is slightly
higher than the others, because it is predominately from

the Christensen zone. Sulfur content for the Escalante

coals is thought to be abnormally high due to the high sul-

fur content of a very few samples from the Schow Mine
which may not be representative of average Escalante

23,25 Kaiparowits coal has no coking properties,

coals.
and in some areas it would require cleaning (washing and
removal of rock debris from the coal) to assure adequate

24 In general, of the two

quality for powerplant uses.
major coal zones, the Christensen (lower) coal zone is
the highest quality zone while the Alvey (upper) coal

zone averages about 500 to 1000 fewer Btu per pound.
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Quality of the Coals in the Kaiparowits Coalfield.?®

Percent

Range - 1

Average

No. of analyses

KAIPAROWITS PLATEAU COAL TIiELD (all areas)

Moisture 3.60-28,70 _ 11.33 137 as-received
Volatile matter 21.92-57.38  43.63 164 dry.

" Fixed carbon 22.81-71.51 | 4725 l64dry
Ash 3.38-33,03 896  165dry,
Sulfur " 0.26- 340  0.87 . 129dry
Blu/lb . 8,499-14,236 11,999 161 dry

SMOKY MOUNTAIN AREA COAL
Moisture 3202420 963 77 as-received
Volatile matter 21.92-57.38 |, 4244 9l dry
Fixed.carbon 22.81-71.51 48.70 91 dry
Ash. - 3601980 859 . 9ldry
Sulfur 0.26- 1.50 075 9l dry
Btu/lb 10,736-13,746 12,401 91 dry

Percent
Range ] Average | No. of analyses
 ESCALANTE AREA COAL
Moisture 3.60-24.80 10.51 40 as-received
Volatile matter '37.47-57.49 45.39 - 53dry
Fixed carbon 38.49-53.59 46.81 53 dry
Ash 3.38-24.89  7.80 54 dry
Sulfur 0.42- 3.40 126 24dry
Btu/ib 8,499-14,236 11,563  S$3 dry
TROPIC AREA COAL

Moisture 9.36-28.70 19.50 20 as-received
Volatile matter 35.7348.03 4442  20dry |
Fixed curbon 31.2347.07  4i.81  20dry
Ash 7.71-33.03  13.77  20dry
Sulfur 0.60-1.73 0.98 14 dry
Btufib " 8,826-12,699 11,207 17 dry

aReproduced from Doelling, H.H. and R. L.
Graham, 1972, "Kaiparowits Plateau Coal
Field,"

in H.H.
Southwestern Utah Coal Fields:

Doelling and R. L. Graham,

Alton, Kai-

parowits Plateau and Kolob-Harmony, Utah

Geological and Mineralogical Survey Mono
graph Series No. 1, p. 93, Table 5.
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As more exploratory drilling is undertaken on
the Plateau by groups owning leases and permits, addi-
tional analyses will be made. The results of these studies
will be for the most part privileged information, and it is
unknown when and if they will become public. However, they
are not expected to contradict the general description
given above, but will only provide more details.

5. Mineability of Kaiparowits Coal

The mineability of a coal seam in the Kaiparowits
coalfield depends upon a great number of factors and con-
ditions determined by the coal seam itself and by the
characteristics of the general area surrounding it. Among
these factors are accessibility to a possible mine site, sur-
face topography, thickness and type of overburden, thick-
ness, continuity and number of seams, and the condition
of the surrounding rock. In addition to physical factors,
the mineability of the coal may be greatly affected by
the economic, political, legal and environmental constraints

placed upon its extraction.

As of July 1974, there were no operating coal mines
within the Kaiparowits coalfield. Previous production has
been limited to very small mines supplying coal for local
use only.25 Total production from the entire coalfield
has probably been less than 25,000 tons.26

Limited accessibility and lack of an economic mar-
ket have been the primary obstacles to the previous exploi-
tation of the extensive coal deposits of the Kaiparowits
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Plateau. The Plateau is far removed from any major coal-
use center, and it completely lacks any major transporta-
tion system that would be necessary to export large quan-
tities of coal (see Chapter G, Land Base for Access and
Development). Unless access to water from Lake Powell

is considered, the Plateau also has insufficient surface
water to develop and sustain a large coal-mining industry
and very little is known about the possibilities of large
groundwater deposits in the region (see Chapter E, Water
Resources). Also, the extreme ruggedness of the Plateau,
and its high mesas and deeply incised narrow canyons,
pose obstacles to location of convenient access to mines.
The very narrow canyons also rule out the possibility of
economical surface mining in some areas where the coal is
shallow enough to suggest surface extraction, for modern
efficient strip-mining equipment cannot operate in such

narrow canyons.

Additional factors imply that it will be impractical
to use surface-mining techniques in any but a few very
minor areas of Kaiparowits. Almost all of the coal on
the Plateau lies well below the maximum acceptable strip-
ping depth of approximately 200 feet of overburden. Future
improvements in mining machinery may make strip-mining at
greater depths economically feasible, but such developments
remain speculative. Also, the uppermost member of the
Straight Cliffs Formation, the Drip Tank, and many beds
within the John Henry Member, which contain the best coal
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Figure 13B.

Areas of possible strippable coal in Kaiparo-
wits coalfield.

Reproduced from map provided by Morgan S.
Jensen, District Manager, Bureau of Land
Management, Kanab, Utah, to Orson L. Anderson,
26 November 1974.




mE En b ey oo e o on i s "o "  am s om i = "um

4]

t ] 4 ! { ‘. ' 1 !
' ' [} ' | [} t '
- en - - - " e o -—an ® wie > - - e ewnw| oo e wp w| e o - -len® o
| ' ‘1. [ ' ] | [
! I [ | ' | 1 !
&
' ] ' 3 ) 1 2 [ ] ! ]
| 1 1 ] ' 1 ' [}
-..-- - e - ew .- ® eaen|leo = ew - e wa|e o - e - - - e - - - -
' ] ] 1 (] 1 ' '
' [ ' ' [ ' ' !
1] [] ] + 1 ‘' ' ]
(] ] ) ] f 1 ' '
e e - e - we| e e me | e w. ww|ow - -
] | ' ' | i ' '
1 [} [ [ ] | 1
9 ! 2
A N ~1{0 : 11 v : 12—
‘ ] ! ' ! i v
- melo e me | o me|me e | me cw | _—- wwe® o sm =
[] ) [ ' ! i ) | 1 ' |
[ ] ' i ' [} ' ¥ 1 ' 1 '
1 ' ' ' [ [ | i [ [ ! !
[ ' ' 1 ' ] ' ] ' ] | !
- am | mer wem | e wm [ Com mwm| oe o ew e w e m @ W o e ee ® e [ @m mw W -
' [ [ [ ' ' o ! ' ' [ '
' i ' ' ] [ ! ! | [ ! [
e 14 13
: 18 - ; 17 ; 7 16 : ’ 15 T ] ) ) T
[] ’ ) ' L ] [ [] ] 1 ] 1
—-— - [ B LT - - - -- - - - - - PRI P —
- Rl i ~ . : - - (=== )
1 1 i ' \ ' ' [ ! [ K |
\ ' . ' ' [ i ’ [ | i '
] [ ' [ ] | ' [ ' ' 1 )
- |- -

.
E B B Wt wem wem | mar - w Eo ee|o® @ e ww EBe® e [ @® (ww o

' | ' | I ] \ 1 ' ) | |
[ ) i | { ' ' ] [ 1 | L !
- 19— : 20—‘ — 21 ; - 22 . : 23 - —24—

' [ | ' i ] ' ' + ) | |
R D el el el --|-- R L LA e Rl R -
' ' ' ' [ | | ‘ | 1 | '

' ' l ] ' i [ ' ) [ 1 | [

' ! ’ f ' i ! 1 [ + } ' '
.-.- -i--‘--l--l-- -.‘-- --'-O —-“- --‘-- --’-- --|.- - -'-- —-'-- -~'--
' [ | \ o ! ' o ' ) 1 1 1 [

— 30— —? 9— —28— —27— —26— — 25—,

‘ 1 n ! ‘ 1 i ) [ ' '
e @ | ww ceeom ew | P e s e omiee a@mie e wmme Sl @ - - - anion W o e

i | ¢ ' ! ) ! i o 1 | [

) | ! ] t ] | | [ i ! | 1

f ' ' i [ ) ' ' | ' | '

' ! ! ! ! ! ! - ' - _-.— -'-- |-- -‘-—1
--'----'-.. .- :-l_-_-.--- bl -, , K ) --

[ ' [] | ’ [ [ 1 ] [ 1 |

— 3 — —32— —33— —3 4 — — 35— — 36—

! ! ' ‘ ' -'-- ‘-'-‘ --‘-- ‘-'-- --'-- --I-- --'--
i e i -- - a= - . : . , . X ) )

! | | | \ | \ ] ] ! ] t

..“,.Kga?, Areas of possible strippable coal resources ,  ,......

e v 1P e 8 s E ettt R R R R T R I R I I N R R S S N SN SRR IR Y
N .

TR R R A A A S A R R Y BN L L B L B L B L R R I R I R R I R N R A

P N R R A R R I A R S B SR U R NI S N ] CI R R N I R S N R TN I R S R R N R SR R B R R I LR BRI

44+ -t a s e B e u et e ase a0 se s st el bR ® 4 4 69 8 0 S S 8 e 8 0028 LB LG I E RN

Township Plat T. 378 R. 2E Salt Lake Meridian ,

State of Utah e

D R I R R I R N I A B I

e e

€ 8 s 6 s ¢ 8 20 80 88 0 S B et e8RS Il LEIVEge et

R R R E A A A A R R BRI B R S NN ) I AR I S S R A R B R R R A A A A

DI I I A R SR R B S B N R R R A R A S 2 B B R ] D RN B AR A B L I

TOUNSHIP PLAT R M I
Figure 13B. Areas of possible strippable coal in Kaiparowits

coalfield.

R R R R I I S A AT SR T A B B I SR S LN B e e

FORM 9.1556
(JaN, 19564)



42

Figure 13C.

Sketch map of strippable coal reserves west
of the 100th meridian.

Reproduced from map supplied by Morgan S.
Jensen, District Manager, Bureau of Land
Management, Kanab, Utah, to Orson L. Anderson
26 November 1974.
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of the 100th meridian.
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zones, are massive sandstone units forming resistant cap-
rocks over the coal seams. They would require extensive
blasting prior to removal of the coal below them. The

Drip Tank Member also forms a very good local aquifer which
would be very adversely affected by large-scale surface

mining.

Stripmining is not being considered on the Kaiparowits

27 Previously published maps27B of the area show-

Plateau.
ing supposedly strippable areas on the Kaiparowits Plateau
are erroneous and appear to have been "based on 500 feet of
overburden to the uppermost coal seam which in this region
would be either impossible or impractical to surface-mine.

All published geological data to date make it quite clear

that Kaiparowits coal can only be extracted by underground

mining."

Stripmining would be technically feasible in only one
small area (Figure 13B); however, that area is too small to

make stripmining economically feasible.27A

Known strippable coal does exist at the Alton coalfield,
west of Kaiparowits. However, this area of strippable coal
was omitted from published maps.27B Figure 13C is a revised
copy of the National Academy of Sciences map showing dele-
tion of the strippable areas in Kaiparowits and addition of

the strippable portion of the Alton coalfield.

The coal seams in the Kaiparowits region present many
obstacles to underground development as well. One such
problem is the extremely lenticular and discontinuous nature
of the individual coal seams. The total thickness of coal
in any one zone increases and decreases rapidly within a
short distance, and individual seams similarly thin and
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thicken, disappear, or are replaced by others.28 Figure
14 diagrammatically illustrates the lenticular character
of the seams. Such seam irregularities are not unique to
the Kaiparowits field, but the pervasive discontinuities

will pose great problems for design and engineering of large-

scale underground coal-mining ventures within the Plateau.

Another problem in deep-mining much of the coal in the
Kaiparowits will be the occurrence of thick and multiple
seams (Figure 15). Either thick or multiple seams alone
can both present severe problems for underground mines, and
their extensive simultaneous occurrence in the Kaiparowits
coalfield essentially prohibits efficient coal recovery
from underground mines in these areas under present tech-
nology. Some of the best and thickest coal seams in the
Plateau may at present be unworkable because only very thin

weak rock layers separate them from other thick overlying

seams. Multiple seams must usually be mined one at a time,
and removal of any one seam will adversely affect the later

removal of any seams lying directly above or below.29

The roof rock of any future large mine in the Kaiparo-
wits Plateau will most likely be very non-uniform, varying
from soft shale to massive sandstone. As an example, the
Shurtz Mine has a shale roof, whereas the Schow Mine, 1000
feet away, in the same coal seam, has a sandstone roof.
Thick, massive sandstones, such as the Drip Tank Member of
the Straight Cliffs Formation, are groundwater aquifers
at Kaiparowits. Mining of coal seams which lie immediately
below these sandstones will be likely to harm the aquifers
and also may cause uneven settling and subsidence of the
ground surface, a common aftermath of extensive underground

mining.
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There are few geologic faults cutting the rocks of
the Kaiparowits Plateau. The lack of faults, and the rela-
tively mild folds in the rocks indicate that there are not
likely to be problems arising from geologic structures which

might limit mining activities.

All of the above factors will affect the ultimate
recoverability, which is the ffaétion of the total amount
of coal in the ground that can be actually removed by mining.
The Utah Geological and Mineralogical Survey (Doelling and
Graham) estimates that between 33% and 50% of the total coal
resources of the Kaiparowits Plateau would be mineable.30
It should be noted that the recovery from any one under-
ground mine may vary greatly (from 30% to 90%), with the
average value in the United States being about 50%.31 Often,
however, the actual amount of useable coal produced is a
émaller percentage. Because newer, more efficient mining
machines are also less discriminatory. much of the coal
must be cleaned before use, and an average of 20% of the mine
output in such cases is discarded as refuse.32 Thus only
about 20% of the Kaiparowits Plateau total coal resources,
or about 8 billion tons, can be considered now as fully
recoverable, although it is quite possible that this

figure could be increased by improvements in present

‘mining practices or through the development of new, more

efficient techniques.
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Figure 15.

Examples of coal sections showing thick and
multiple seams in the Kaiparowits coalfield.

Reproduced from: Zeller, Howard D., 1973,
"Geologic Map and Coal Resources of the Car-
cass Canyon Quadrangle, Garfield and Kane
Counties, Utah,"U. S. Geological Survey

Coal Investigations Map C-56; Zeller, Howard
D., 1973, "Geologic Map and Coal Resources of
the Death Ridge Quadrangle, Garfield and

Kane Counties, Utah,"U. S. Geological Survey
Coal Investigations Map C-58; and Bowers,
William E., 1973, "Geologic Map and Coal Re-
sources of the Pine Lake Quadrangle, Garfield
County, Utah, U. S. Geological Survey Coal
Investigations Map C-66.
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B. LEGAL OWNERSHIP AND CONTROLS OF KAIPAROWITS C(

1. Introduction

a. Public Landlords and Private Tenants

The federal government administers approximat

91% of the coal lands on the Kaiparowits Plateau.

State of Utah controls all of the remainder except fo

very small percentage under private control. In orde

ate exploration and development of this public

resource, federal and state law has opened most of tl
ividuals

Plateau's coal lands to lease bv private indi

facilit

and entities.

Some 187,610 acres of federally owned land on the

teau are covered by private coal prospecting permits
1 leases (122,792 acres). Tab.

“

(64,178 acres) and coa
4, and 5 and Figure 16 give details on ownership of

interests. Approximately 28,000 acres of state-owne

overlying the coal-bearing portions of the Plateau a
rently being leased.
eral than state acreage involved,

will concentrate on federal permits and

Since there is considerably mo
the following disc

leases.

b. Federal and State Policies

Historically, there have been several signif

changes in federal policy as to coal lands. From 1l¢

1920, coal on public lands could be purchased in lir
amounts at set rates. Coal could also be obtained ¥

g from 1862 until 1906, when all coal lands

steadin
3.

cluded from settlement under the public land laws.
gress made coal lands subject to leasing, rather th:

sales, by passing the Mineral Lands Leasing Act.35
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NOTE

Tables 3, 4, and 5, and Figure 16 were compiled by Judith
Wegner from records in offices of the U. S. Geological
Survey, the Bureau of Land Management, and the State Land
Board in Salt Lake City, Utah. The records were examined
in August 1974, and the information in these tables repre-
sents the lease and permit status as of July 1, 1974.

Numerous individual leases on state lands are located within

the undesignated spaces on Figure 16; these holdings are not
individually described here in order to maintain the figure's
clarity.

14
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Table 3: Federal Coal Leases in the Kaiparowits Region, Utah
Map Terms

Num- Lease of

ber Lessee Number Date Lease? Acreage
1 El Paso Natural Gas U-0130985 11-1-68 SPR 2560.00
2 El Paso Natural Gas U-0130986 10-1-67 SPR 2561.52
3 E1l Paso Natural Gas U-0148535 10-1-67 SPR 1920.00
4 El Paso Natural Gas U-0115791 7-1-67 SPR 2560.00
5 El Paso Natural Gas U-0115793 7-1-67 SPR 1280.00
6 El Paso Natural Gas U-0130988 7-1-67 SPR 1907.24
7b  El Paso Natural Gas  U-24427 3-1-67 SPR 1280.00
gb E1l Paso Natural Gas U-27835 11-1-65 SPR 640.00
9 El Paso Natural Gas G-0130989 10-1-67 SPR 2560.00
10 El Paso Natural Gas U-0115792 10-1-67 SPR 1280.00
11 El Paso Natural Gas U-0115833 10-1-67 SPR 640.00
12 El Paso Natural Gas U-0140837 10-1-67 SPR 2553.40
13 El Paso Natural Gas U-0136512 10-1-67 SPR 1279.28
14 El Paso Natural Gas U-0140826 10-1-67 SPR 2557.28
15 El Paso Natural Gas U-083005 12-1-64 CBC€ 640.00
16 El Paso Natural Gas U-083000  12-1-64  cBY  1440.00
17 Consolidation U-0105418 9-1-67 SPR 2560.00
18 Consolidation U-0149373 11-1-69 SPR 2560.00
19 Consolidation U-0103107 9-1-67 SPR 2560.00
20 Consolidation U-098783 5-1-67 SPR 2540.64
21 Consolidation U-098785 5-1-67 SPR 2542.84
22 Consolidation U-098787 5-1-67 SPR 2560.00
23 Consolidation U-0103129 9-1-67 SPR 2560.00
24 Consolidation U-098784 5-1-67 SPR 2537.69
25 Consolidation U-0103109 9-1-67 SPR 2557.36
26 Consolidation U-0103130 9-1-67 SPR 2554.88
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Table 3 (continued)

Map Terms
Num-— Lease of
ber Lessee Number Date Lease? Acreage

27
28
29

30
31

32
33
34
35
36
37
38
39
40
41
42
43

44
45
46
47
48
49
50

Hiko Bell
Hiko Bell
Hiko Bell

G.H. Frandson
G.H. Frandson

Peabody
Peabody
Peabody
Peabody
Peabody
Peabody
Peabody
Peabody
Peabody
Peabody
Peabody
Peabody

Resources
Resources
Resources
Resources
Resources
Resources
Resources

U-0118366
U-0120794
U-0146654

SL-050638
SL-048223

U-098786

U-0103108
U-096476

U-0115657
U-0103131
U-0103132
U-0103133
U-0115656
U-096477

U-0101140
U-0101141
U-0113254

U-0101142
U-096496
U-087836
U-087835
U-096497
U-096495
U-096494

11-1-65
3-1-66
12-1-65

5-10~-41

. 4-5-30

3-1-67
3-1-67
3-1-67
11-1-67
4-1-67
4-1-67
4-1-67
11-1-67
3-1-67
4-1-67
4-1-67
8-1-67

4-1-67
11-1-65
11-1-65
11-1-65
11-1-65
11-1-65
11-1-65

SPR
SPR
SPR

Mpe

SPR
SPR
SPR
SPR
SPR
SPR
SPR
SPR
SPR
SPR
SPR
SPR

SPR
SPR
SPR
SPR
SPR
SPR
SPR

1920.00
1920.00
2560.00

40.00
120.00

2549.60
2560.00
2551.52
2560.00
2560.00
2171.68
1273.16
2560.00
1276.68
1600.00
1760.00

160.00

1562.08
2560.00
1279.92

639.92
2560.00
2559.84
2560.00
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Table 3 (continued)

Map Terms

Num- Lease of

ber Lessee Number Date Lease? Acreage
51 Resources U-092139 11-1-65 SPR 1934.73
52 Resources U-092140 11-1-65 SPR 2022.48
53 Resources U-092141 11-1-65 SPR 1972.16
54 Resources U-087834 11-1-65 SPR 2560.00
55 Resources U-087806 11-1-65 SPR 1945.32
56 Resources U-087805 11-1-65 SPR 2064.44
57 Resources U-087807 11-1-65 SPR 1920.00
58 Resources U-096486 11-1-65 SPR 640.00
59 Resources U-087833 11-1-65 SPR 2517.68
60 Resources U-087828 11-1-65 SPR 2560.00
61 Resources U-092138 11-1-65 SPR 1891.44
62 Resources U-096509 11-1-65 SPR 1478.70
63 Resources U-096508 4-1-66 SPR 658.28
64 Resources U-092142 11-1-65 SPR 1750.20
65 A. Shakespear SL-071561  3-1-51  Mpf 80.00

3SPR = Standard preference right.
15¢/ton for underground coal and 17.5¢/ton for strip mined coal
for the first 10 years, increasing to 17.5¢/ton underground and
The required rental to be
paid in advance if no coal is being produced is $1 per acre per
year.

20¢/ton strip mined coal thereafter.

bEffective November 1974.

cCompetitive Bid bonus $8.75/acre.

dCom.petitive Bid bonus $9.25/acre.

e15¢/ton maximum production 275 tons.

f

15¢/ton maximum production 550 tons.

Standard lease terms are’
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Table 4: Federal Coal Permits in the Kaiparowits Region, Utah
(Circled Numbers on Lease Map, Figure 16)
Map
Num- Permit
ber Permitee Number Date Rental Acreage
Woods Petroleum U-6652 10-1-69 25¢/acre 4203.05
Woods Petroleum  U-6653 10-1-69 25¢/acre 4926.00
Woods Petroleum U-6654 10-1-69 25¢/acre 4480.00
Jesse Knight U-0149368 5-1-67 25¢/acre 4453.35
Jesse Knight U-0149348 5-1-67 25¢/acre  2304.00
Jesse Knight U-149349 5-1-67 25¢/acre 4726.84
Sun 0il U~-5666 7-1-69 25¢/acre 3680.00
Sun 0il U-5667 7-1-69 25¢/acre 5120.00
Sun 0il U-5668 7-1-69 25¢/acre 4454 .00
10 Sun 0il U-5669 7-1-69 25¢/acre 5120.00
11  (Delcoal)?® U-5233 10-1-68 25¢/acre  2500.32
12  (Delcoal)® U-5234 10-1-68  25¢/acre  1440.00
13 (Delcoal)? U-5235 10-1-68  25¢/acre  2560.00
14  (Delcoal)? U-5236 10-1-68 25¢/acre  2560.00
15 (Delcoal)a U-5237 10-1-68 25¢/acre 2522.68
16  (Delcoal)? U-1375 10-1-68  25¢/acre  2306.45
17  (Rasmussen)® U-1362 2-1-69  25¢/acre  2552.76
18  (Rasmussen)? U-1363 2-1-69  25¢/acre  1882.87
19 Hiko Bell U-9901 7-1-70 25¢/acre 968.72
20 Hiko Bell U-11898 7-1-70 25¢/acre 776.95
21 Hiko Bell U-0145657 10-1-65 25¢/acre 640.00

aMap numbers 11 through 18:

Utah Power and Light bought option

in 1971, was assigned right in 1973 with amendment in 1974.
No effective federal right until after moratorium.
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Table 5: State Coal Leases in the Kaiparowits Region, Utah

Map

Num- Lease a
ber Lessee Number Date Acreage
s-1 El Paso Natural Gas 20545 1-1-64 640.00
S-2 El Paso Natural Gas 19785 1-1-63 640.00
S-3 El Paso Natural Gas 19916 1-1-64 640.00
S-4 El Paso Natural Gas 24154 3-27-67 640.00
S-5 El Paso Natural Gas 21357 1-1-65 640.16
5-6 El Paso Natural Gas 21356 1-1-65 640.00
S-7 El Paso Natural Gas 21355 1-1-65 640.00
S-8 El Paso Natural Gas 19661 1-1-63 640.00
S-9 El Paso Natural Gas 19784 1-1-63 640.00
s-10 El Paso Natural Gas - 19357 5-11-62 640.00
s-11 El Paso Natural Gas 120440 1-1-64 725.84
S-12 Hiko-Bell 26719 12-15-69 1280.00
S-13 Hiko-Bell 26600 10-10-69 480.00
S-14 Hiko-Bell 26601 10-10-69 323.95
s-15 ' Peabody 23904 11-18-66 640.00
S-16 Peabody 19914 1-1-64 638.48
S-17 Peabody 20556 1-1-64 640.00
S-18 Peabody 19660 1-1-63 640.00
s-19 Peabody 20547 1-1-64 640.00
s-20 Resources 19652 1-1-63 640.00
S-21 Resources 19651 1-1-63 640.00
S-22 Resources 19650 1-1-63 640.00
S-23 Resources 19432 6-11-62 640.00
S-24 Resources 19427 6-11-62 640.00
S-25 Resources 19653 1-1-63 690.44
S5-26 Resources 19654 1-1-63 640.00



58

Table 5 (continued)

Map

Num- Lease a
ber Lessee Number Date Acreage
s-27 Resources 19656 1-1-63 640.00
S-28 Resources 19655 1-1-63 400.00
S-29 Resources 19678 1-1-63 640.00
S-30 Resources 19786 1-1-63 640.00
S-31 Sun 0Oil 25367 5-6-68 1280.00
S5-32 Utah Power & Light 25368 5-6-68 2391.60
s-33 Utah Power & Light 25189 3-7-68 639.96
S-34 Utah Power & Light 25188 3-7-68 640.00
S-35 Utah Power & Light 23906 11-18-66 640.00
5-36 Utah Power & Light 23905 11-18-66 640.00
S-37 Utah Power & Light 25105 2-13-68 1280.00
S-38 Rasmussen 19359 5-11-62 640.00
S-39 Fallick 26842 3-2-70 640.00

qpor lands under state lease, rental is 50¢/acre/year for the
first two years, and at least $1/acre/year for nonproducing land
thereafter, while royalty on producing land is paid at a rate of
4% of the gross coal produced from underground mines and 6% from
strip mines, or at the rate prevailing at the time of payment
for federal leases on land of similar character under coal lease,
whichever is greater.
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1920 Act, among other things, authorized the Secretary of
the Interior to grant to private parties two types of rights
in coal lands: prospecting permits and leases of indefi-
nite duration (competitive bid leases, or preference right
leases arising when commercial coal is discovered under a

prospecting permit).

Coal on state lands is also subject to being leased,
but not sold, by the Utah State Land Board.36 As in the
case of federal coal leases, state leases contain specific
rental and royalty provisions. State leases differ in that
they are for a set term of ten years, and will expire at
that time unless coal is being produced. It is also note-
worthy that state lands are isolated, coveriﬁg only specific

364 Consequently, a

noncontiguous tracts in each section.
given lessee may hold leases on a fairly large tract of land,

part of it state and part federal.

c. History of Coal Development on the Plateau

Coal production on the Plateau historically has
been limited to a few small mines near Escalante, serving
local domestic needs. The first such mine began production
in 1893. (A list of early mines may be found in Table C
at footnote 25.) The large-scale leasing of the federal
coal lands on the Plateau occurred during the 1964-1970
period, as shown in Table 3. Production at many of these
lease sites is expectedishortly, as discussed below under

"Future Outlook."

d. Prospecting Permits

Although. no new prospecting permits are presently
being granted (see "Moratorium on Coal Leasing," below),
this type of interest in coal has been an important factor
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Figure 16.

Lease Map of the Kaiparowits Plateau.
Uncircled numbers refer to federal coal leases
listed in Table 3; circled numbers refer to
federal coal permits in Table 4; and S-numbers
refer to state coal leases in Table 5.
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in the development of this resource on the Plateau. Under
the 1920 Mineral Lands Leasing Act, prospecting permits may
be issued to the first gualified applicant36B in cases where
"prospecting or exploratory work is necessary to determine '
the existence or workability of coal deposits in ény un-

w37

claimed, undeveloped area. The duration of the permit is

two years, but it may be extended for two more years when
additional time is considered necessary to complete pros-
pecting work. To receive an extension, the permittee must
be able to show that his failure to perform diligent pros-
pecting activities was due to conditions beyond his control,
that he has drilled at least one adequate test hole on the
permit area or has performed other comparable prospecting
prescribed in the permit, and that he has been unable to
determine the'existence or workability of the deposits on

the permit.38

A single permit may not exceed 5,120 acres.39 Permit
and lease holdings by one person, association, or corpora-
tion cannot exceed 46,080 acres in any one state.40 Lands
covered by a permit or lease must be reasonably compact in
form and must lie within an area of six square miles or
six surveyed or protracted sections, except in cases where
noncontiguous tracts can be efficiently worked in a single

. . 41
mine or unit.

The major function of the prospecting permit system is
to encourage the discovery and development of coal. As a
sort of reward, a permittee who discovers valuable mineral
deposits in the land before his permit expires is entitled
to a "preference right lease" of all or part of the rea-
sonably compact lands in the permit. With a preference right
lease, he does not have to face the chance of losing out to

someone else in a competitive bid situation. And he does
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not have to pay a bonus bid in addition to the lease rental
and royalty required. The decision whether to grant a

prospecting permit is therefore very im.portant.42
e, Leases

If the existence and workability of coal is known,
the Secretary of the Interior cannot issue a permit, but
may offer land for lease based on competitive bidding.43
Notice of the offering for lease must be published in ad-
vance in the Federal Register. The U.S. Geological Survey

(USGS) sets rates for royalty payment in advance, without

competitive bidding. The royalty rate depends on the char-
acter of the coal.44 After the royalty rate is fixed there
is a bid upon the bonus to be paid per acre for the right
to lease the land. Minimum bid is usually $1.00 per acre.
Sealed bids are submitted, but oral bidding follows, if
desired, among those who submitted sealed bids, once they

are opened.

Apart from this bonus, competitive and preference
right leases have the same terms. They are issued for an
indefinite time period, but their terms are subject to

45 Rental for

review and revision at 20-year intervals.
the lease is set by statute to be at least $0.25 per acre
for the first year, $0.50 per acre for the second through

fifth years, and $1.00 per acre for following years.46

Rental payments may be credited against the royalty
payments paid on coal actually produced. The standard
royalty on Kaiparowits Plateau leases is $0.15 per ton
"underground," and $0.175 per ton "strip" for the first

ten years, increasing afterwards to $0.175 per ton under-:

ground and $0.20 per ton strip. The amount of the required
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bond is recommended by the USGS. The maximum acreage for

each lease is a matter of agency discretion.

Leases also include a requirement that there must be
diligent development of coal on leased lands and therefore
at least minimal production.47 Under leases on the Kai-
parowits Plateau, this requirement can be satisfied with-

out production by merely paying the required rental ($1.00

per acre) a year in advance.48

requiring a showing that more coal was needed nationally be-
fore more coal could be leased, this is not currently the

A

case.49 Coal leases may be granted and will continue to

run even if no immediate production is planned.49A A coal

lease cannot be cancelled. The only way the government can

end it is by taking court action.50

2. Controls

a. Federal Agencies

The Bureau of Land Management (BLM) and the U.S.
Geological Survey (USGS) jointly administer most federal
coal leasing.50A~ The BLM is the principal leasing agency,
exercising the Secretary of the Interior's discretion to
lease or not to lease, but it depends quite heavily on the
USGS to supply necessary information about the land.

After a request for a lease or prospecting permit is re-
ceived by the BLM, copies are sent to the USGS with a re-
quest to answer two questions: (1) whether a prospecting
permit is appropriate, if requested, or whether competitive
bid leasing is required; and (2) the contract terms to be

required by the government (including such items as royalty

Although there was once a policy
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Figure 17. Kaiparowits Known Coal Leasing Area.

Reproduced from Utah Coal Land Leasing Minutes
No. 2, Minutes of the Mineral Land Evaluation
Committee, April 30, 1974; Subject: Kaiparowits
Known Coal Leasing Area. (unpublished)
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rate, rental and size of bond). 1In answering the first
question, the USGS Area Mining Supervisor requests a geo-
logical report from the USGS Mineral Evaluation Division
regarding the existence and characteristics (such as
depth, thickness, and quantity) of coal to be found on the
land. From this information, the Mining Supervisor must
| determine not only whether the coal exists, but whether
it is "workable"--economical to excavate. If it is unclear
whether coal exists or whether it is workable, a prospect-
ing permit may be granted. There appears to be broad dis-
cretion exercised in making such determinations, although
recently the USGS has begun to formalize their criteria for
determining existenceé and workability. Figure 17 is a map
outlining the Known Coal Lease Area on the Plateau. Lands
within this area must be‘leased by competitive bid, and

no prospecting permits can be issued here.51

Since 1973, the BLM and USGS have also required an en-
vironmental analysis and technical examination before issuance

or modification of a coal prospecting permit or coal lease.52

Once the USGS Mining Supervisor determines what recom-
mendations are to be made, he forwards them first to Denver
and then to Washington, D.C., where they are reviewed and
signed by the Director of the Conservation Division.

The BLM makes the ultimate decision on whether or not
to grant a prospecting permit or lease. Once a prospect-
ing permit is issued, the lessee pays rental to BLM.
Similarly, rental accruing under a coal lease is paid to
BLM for the first five years or until production of coal
begins, at which time royalties are paid to the USGS. In
both situations, the USGS is the agency directly involved
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with the lessee in approving plans for operational activi-
ties, making compliance inspections, and maintaining rec-

ords of production.

In order to mine coal on National Forest land, consent
must be obtained from the U.S. Forest Service in the De-
partment of Agriculture. Department of Agriculture policy
is generally against such leasing, however, and special
stipulations are usually added to the leases which are

granted.

Coal lands located in National Parks and in'National

Monuments may not be leased.

b. Moratorium on Coal Leasing

Between 1971 and 1973, an informal moratorium on
coal leasing existed within the Department of the Interior.
In February 1973, Secretary of the Interior Rogers Morton
issued two orders that resulted in an end to issuance of
further prospecting permits until further notice (February
13, 1973) and allowed for the issuance of coal leases only
when the applicant could demonstrate that specified "short-
term criteria" applied (February 17, 1973).52A The short-
term criteria are as follows: a lease may be issued, first,
(a) when coal is needed now to maintain an existing mining
operation, or (b) when coal is needed as a reserve for pro-
duction in the near future; and second, (a) when the land to
be mined will in all cases be reclaimed in accordance with
lease stipulations that will provide for environmental pro-
tection and land reclamation, and (b) when an environmental
impact statement covering the proposed lease has been pre-
pared when required under the National Environmental Policy

Act.
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The BLM has construed Secretary Morton's order to limit
the granting of such preference right leases unless the
short-term criteria can be met. No preference right leases
will be issued until the applicant can indicate that the
area is ready to develop and produce within three years.53
Those permittees who apply for a preference right lease
under the new criteria need pay no rental while their
applications are pending. However, the issue is posed whe-
ther permittees who cannot meet the short-term criteria
within the stated permit term are given any grace period by
administrative ruling or otherwise for perfecting their
permits into preference right leases. No decision on this
question has yet been reached, but a ruling is expected
in the near future.54

When the moratorium, with its re-evaluation of federal
leasing poliby, was begun, the Department of the Interior
had not considered its leasing of coal as a "major Federal
action significantly affecting the quality of the human
environment," and therefore requiring the preparation of an
environmental impact study as required by the National En-
vironmental Policy Act enacted in 1969. This re-evaluation
has led to the preparation of EMARS (Energy Minerals Allo-
cation Recommendation System), a new program for more sys-
tematic and effective development of the country's coal
resources, which has not yet been fully explained to the
public. The pre-EMARS period of evaluation was originally
expected to continue until at léast 1975, but it is unclear
when leasing will again begin. The Department sub-
sequently has prepared a draft program environmental
impact statement explaining EMARS and covering all coal
leasing on federal lands. Further delay may result
from law suits challenging the sufficiency of this
environmental analysis.
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c. Types of Environmental Controls

Federal coal leases contain a stipulation under
which the holder of the lease agrees to refrain from causing
unnecessary soil erosion or damaging forage or timber, from
polluting air and water, from damaging crops or improve-
ments on the land, and from destroying, damaging, or re-
moving fossils, historic or prehistoric ruins, or arti-
faéts. He must also agree to restore the land as much as

possible to its former condition.

Other federal regulations require the submission to the
USGS of detailed exploration and mining plans explaining

likely environmental damage. The Survey must approve them
before mining operations can begin.56

Although none of the coal on the Kaiparowits is econo-
mically strippable under present technology, new federal
strip-mining regulations or possible future legislation could

control such operations if they are ever undertaken.

The National Environmental Policy Act (NEPA)58 is
another important control on development. This law requires
federal agencies to prepare a detailed "environmental impact
statement" (EIS) for every "major federal action signifi-
cantly affecting the quality of the human environment."
Nearly all actions involved in large scale energy
development come within these provisions. Therefore,
an impact statement must be prepared by the

agency,58A examining all the costs and benefits of

the action to be taken58B

(including its expected effect on
the environment and on society), and analyzing possible al-
ternative approaches, before a lease or permit for a right-

of-way may be granted, or other federal action undertaken.
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Such impact statements must be circulated in draft form to
the public for comment, then are revised and reissued in
final form in order to gather suggestions about the proposal
and to provide interested persons with information. The EIS
can act as an influential decision-making tool to the degree
that it promotes careful and detailed planning by both the
federal government and private developers before major ac-
tion is taken.
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C. FUTURE OUTLOOK FOR COAL DEVELOPMENT
IN THE KAIPAROWITS REGION

1. Current Deyelopment Proposals

As of July 1974, at least five consortia had made
serious proposals to develop portions of the coal of the
Kaiparowits Plateau. However, only one of the consortia
was at that time ready to commence development. Figure 18
shows approximately the distribution of proposed develop-

ments on the Plateau.

The Kane County Project (formerly known as the
Kaiparowits Project), was nearest the construction stage
as of July 1974. A consortium of Southern California
Edison Company (through its wholly-owned subsidiary, Mono
Power Company), Arizona Public Service Company (through
its wholly-owned subsidiary , Resources Company), San Diego
Gas and Electric Company (through its wholly-owned subsi-
diary, New Albion Resources Company) and the Salt River Pro-
ject together wish to construct a 3000-megawatt (MW) coal-
fired powerplant in the southern half of the Kaiparowits
Plateau. Final decision as to the exact plant site for
this proposed Kane County Project has not yet been made, but
the two most likely sites are Four Mile Bench and Nipple
Bench (Figure 7).59 Resources Company has a total of
nearly 48,000 acres of coal lands under lease in the south-
ern part of the Plateau, and a two-shaft experimental mine
was operated in 1971 on part of the lease to determine
actual coal mineability. New Albion Resources Company
has an approved application from the Utah State Engineer
for 102,000 acre-feet (af) of water from Lake Powell. They
are thus the only consortium proposing development of coal
resources on the Plateau which has access to both coal and

0
water resources.6
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The Bureau of Land Management (BLM) is currently
(November 1974) drafting an Environmental Impact Statement
(EIS) that is expected to be finished very early in 19875,
with a final decision on whether or not to allow construc-
tion of the plant being expected from the Secretary of the
Interior shortly thereafter., The consortium originally
desired to have the initial unit of the powerplant opera-
ting by 1 June 1980, and the final unit on-line by 1 June
1982.61 However, these dates have most likely been
extended by the delays already experienced with the EIS,

and additional delays are probable.

Peabody Coal Company has leased nearly 30,000 acres of
federal and state coal lands near the center of the Kaipar-
owits coalfield, and has completed their initial phase of
coal exploration. As of July 1974, they had not undertaken
any further exploration work on their leases, and instead
appear to be holding off development in expectation of in-
creased future demand. The most probable use for the coal
mined by Peabody will be for export out of the Kaiparowits
region, although development to supply coal to one of the

planned power projects near the Plateau is a possibility.

El Paso Natural Gas Company has purchased lease rights
to about 35,000 acres of coal lands from Atlantic-Richfield
Company. They are currently undertaking an intensive test
drilling program to determine the quantity and mineability
of their coal reserves. Although no definite plan or time-
table has yet been announced, El Paso Natural Gas Company
presumably has intentions of developing a coali-gasification

plant complex on the Kaiparowits Plateau. They have not,



as of July 1974, applied for water rights from the Utah
State Engineer.

Utah Power and Light (UPL) has initiated plans to build
a 2000 MW coal-fired powerplant about 7 miles south of the
town of Escalante below the Escalante Rim of the Straight
Cliffs.®? The Garfield County Plant (formerly called the
Escalante Plant) would consist of four 500-MW generators,
two to be completed in the 1982-1985 period, and two more to
be constructed at a later date. A storage reservoir would
be built on one of the side canyons of the Escalante River,
and the necessary water would be taken from either the Esca-
lante River and/or underground water sources. Applications
have been made to the Utah State Engineer for water from both

sources, but all the applications are as yet unapproved.

Utah Power and Light, as of July 1974, had under
lease over 6,000 acres of coal lands of the State of Utah,
and committed assignments of over 18,000 acres of federal
coal prospecting permits from W. L. Rasmussen and Delcoal,
Inc. UPL has completed the first stage of their explora-
tion program that is necessary to convert the prospecting
permits into preference right leases, but the Secretary of
the Interior has deferred conversion into leases until the
applicant has met the short-term criteria (see above). Thus
development plans have at present stagnated, but changes in
the federal coal leasing policy may soon alter the situa-
ton sufficiently to allow UPL to reactivate their proposal.

A consortium of California and Utah power concerns,
under the title of Intermountain Power Project (IPP) has

TRp—
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begun studies aimed at construction of a 3000-MW powerplant

in south=-ant.al Utah.63A

Initially, they considered three
possible sites, two near Caineville, Utah, and one about

20 miles southeast of Escalante. 1In October 1974, the Salt
Wash area of Wayne County (approximately 10 miles north of
Caineville) was selected for primary study. IPP has
announced that the proposed plant could begin generating

power by 1981.63B

Applications have been made to the Utah
State Engineer for water from both the Escalante River

and underground sources for the Escalante site. IPP holds
no coal leases on the Kaiparowits Plateau, but expects to
have no trouble obtaining coal from either the Kaiparowits

coalfield or the Emery coalfield.

2. The .National Demand

The prospects for the development of the Kaiparowits
coalfield to a scale of large production are linked to
the regional and national energy supply-demand picture.

A number of studies of the national energy problem have
shown that, due to petroleum shortages and prices, a great
increase in coal productiog is e;gential to sustain the

PR A )
nation's economy for the perlod.6

The subsitution of coal for oil and gas in uses
where such an exchange is possible has been given high
priority by energy study groups.65 However, the national
effort which would be required to produce this massive
substitution of coal for oil gqg gas is so large that many

K
doubt whether it can actually,,fj"accomplished.66

The magnitude of the needed national effort, in which

new coal mines are to be opened each month with production
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Figure 19.

et A Ay G

Utah coal consumption by use, historical
and projected, 1870 to 1980.

Reproduced from Heiner, Claude P., 1972,
"Economic Evaluation of Utah Coal - 1972,"
in H.H. Doelling, Central Utah Coal Fields:
Sevier-Sanpete, Wasatch Plateau, Book Cliffs

and Emery, Utah Geological and Mineralogical

Survey Monograph Series No. 3, p. 569,
Figure 1.
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capacities of two to five million tons per year (MTPY) ,
may be compared with the average annual production of
coal in the State of Utah, which has rarely exceeded

7 MTPY (Figure 19).

The demand for scarce capital and limited labor to
implement all of the expanded coal production on the
national scale may very well impede the development
of mining and power production in the Kaiparowits region.
These potential scarcities will be called "checkpoints"
in this chapter, and they will be treated below in terms

of regional requirements.

Underground mining is the important mode of coal
production in Utah at present, but it accounts for only

a small part of the national production.67

Western coal mining has become synonymous with strip
mining in national surveys and planning. Because proposed
mining at Kaiparowits will be underground, as in most other
areas in Utah, the industrial development of this region
will have some special features not typical of large-scale
coal production in other areas of the Western states.

3. Regional Demand

The Kaiparowits Plateau is estimated to contain about
8 billion tons of recoverable coal that is mineable by
existing technology (see previous section), and the pros-
pects are that the size of this estimate will increase in
time. Using the conversion factor that generation of 1 MW
of electricity requires about 10 tons of coal/day, we find
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that 8 billion tons of coal would support a production of
10,000 MW for about 220 years. This level of generation
would imply an annual coal production of 36 MTPY, a figure
which is large compared to Utah's present production, but
which would still represent only a few percent of the pro-
jected total for Eastern underground production.

However, the importance of this large coal reserve
to the power problems of the Southwestern load centers
such as Phoenix, San Diego, and Los Angeles cannot be
underestimated. If Southern California is effectively to
substitute coal for gas and oil on a massive scale, it must
look towards the coal fields which lie nearest the West
Coast (Figure 20). The Kaiparowits coal field is the
closest major field to Southern California, and it has the
attraction of abundant coal with relatively low sulfur con-
tent. The Southwest could conceivably obtain its coal-
fired energy from several large coal fields (such as those
in northwest New Mexico, central Utah or Wyoming), but it
appears more likely that much of the energy derived from
Kaiparowits coal will flow to the power load centers in the

Southwest.

4, Major Factors Affecting. Development

Even if there is general agreement on the part of
industry, states, and the federal government that it is
desirable to exploit the Kaiparowits coal fields by rapid
industrial developments creating large mines and sizeable
electric powerplants, the actual capability of building



80

Figure 20.

Distances from major power-load centers to
the Kaiparowits Plateau and other western
coalfields.

Adapted from U. S. Department of the Interior,
1972, Southwest Energy Study, Appendix L,
Alternative Uses of Colorado River Basin Coals,
p. 56, Map 1.

(Note: Area of Kaiparowits Plateau shown as
strippable in Southwest Energy Study map has
been deleted as stripmining is not being con-
sidered in the Kaiparowits coalfield.?’®)

|
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and operating a large power capacity depends upon the solu-
tion of national problems. Certain major factors affecting
development may arise in the form of limitations in capital,
labor shortages, lack of raw materials, or constraints due
to public regulations.

a. Water

It is now well recognized that massive power pro-
duction in the Upper Colorado River Basin will probably
require a large allocation of water from the Colorado River.68

The water available from the Colorado River system is
oversubscribed because of a number of factors including:
(1) at the present time the average flow is less than the
supply that was anticipated when the Colorado River Compact
was signed; (2) not all Indian and federal reserved rights
are quantified; (3) losses in the reservoirs due to evapora-
tion and bank storage are large.

Essentially all allocated water has been
committed to present or future projects. One ct the last
large allocations of Utah water involving some 102,000 acre-
feet per year, has been approved, but not yet perfected for
the use of the proposed powerplant known as the Kane County
Project, formerly known as the Kaiparowits Project. Repor-
tedly, this exhausts Utah's official allocation, and thus,
for the life of this proposed powerplant, no uncommitted
water will be left for other power developments. Essentially,
further power production in the Upper Colorado Basin, in
Utah and elsewhere, can proceed only by augmenting the flow
of the river, or by acquiring water rights as already assigned
to agriculture, or by finding ground water resources.

The majof hope for further development of the Plateau

is to find large reserves of ground water beneath the Plateau.
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b. Local Resource Availability

At the local level, the unavailability of certain
bulk natural resources could hinder the large-scale develop-
ment of the Kaiparowits coalfield. One possible constraint
would be the lack of abundant, high-quality limestone and
gypsum deposits close to the mines. Either or both of
these minerals will be used in great quantities within the
coal mining operations to prevent fires and explosions.
Another possible constraint would be the local availability
of a large gravel source from which the material could be
cheaply transported to the construction sites. Gravel will
be needed in quantity to both surface roads and to build
powerplants. Lack of a cheap, abundant, and nearby supply
of either of these materials could both raise construction

costs and delay large-scale development.

c. Capital Expenditure and Financing

Requirements in the United States for capital to
construct power-production facilities during 1974-1985 have
been estimated to be $490 to $610 billion.69 Of this total
coal facilities have been estimated to require $34 to $46
billion in capital. Some recent estimates of financial re-
quirements for energy developments in the United States are
even higher. It appears that the annual cost of capital
expenditures for energy facilities will exceed $50 billion.
This amount is a sizeable fraction of the U.S. annual mar-
ket. Thus, financing of new energy installations is closely
interrelated with the overall working of the financial sys-
tem of the United States.

The near-term costs will be more difficult to finance
because of the long lead times necessary for obtaining the



84

return on the capital investment. The lead times required
to accomplish significant powerplant installations are:

Table 6

Typical 1973 Overall Project Lead Times

Type of Facility Years
Coal-fired power plant 5-8
Ssurface coal mine 2-4
Underground coal mine 3-5
Uranium exploration and mine 7-10
Nuclear power plant . 9-10
Hydroelectric dam 5-8
Produce oil and gas from new fields i—éo

Produce oil and gas from old fields

Source: NAE70

The availability of capital needed for the development
of underground mines and mine-mouth coal-fired powerplants
on the Kaiparowits Plateau depends upon the capital-
commitment decisions made throughout the country. It is
not clear that there will be enough available capital to
finance all the plans for power facility installations

across the nation.
d. Labor

A critical factor in the labor needs for the Kai-
parowits Plateau projects is the underground nature of the
proposed mines. The labor .suppply for these mines must-
come from the same labor pool as that which serves the
Eastern underground mining and the underground operations
in Carbon and Emergy Counties in Utah. About 80,000 new
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Eastern coal miners will be needed for new mines.71 About
half of that number will be employed in underground mines.
The competition for this scarce labor force is bound to be
intense. The problem for the Kaiparowits coal productioh
is that the area is presently completely undeveloped. Most
of the labor must be imported from outside the counties
involved. Since coal miners will be able to choose among

a number of alternate work sites, they will be likely to
choose the best one from their point of view. Wages,
schools, transportation, and housing in the Kaiparowits
region will need to be competitive if skilled underground
mine workers are to be recruited. A reasonably attractive
townsite will have to be built for the workers in order to
keep the labor turnover from being too high. Consequently,
the decisions yet to be made which will determine the design
and construction of a new town near the Kaiparowits Plateau
will have an important effect on the long-term stability

of the labor market.

Engineering manpower and construction craftsmen appro-
priate to the energy industry are projected to be in very
short supply in the nation. The ability of projects in
the Kaiparowits region to attract capable professionals and
craftsmen will depend in the long run on the success of the
projects in competing for this talent on a regional and
national basis. Many problems are inherent in retraining

engineers and craftsmen for coal-related occupations.72

e. Transportation of Energy

A national increase in the production of energy by
massive use of coal will necessarily require an increase
in national facilities for the transportation of energy.

The problem of transportation of energy, or of energy
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resources, is especially acute in the Kaiparowits region,

because of the undeveloped nature of the area and because

of the long distances between the resource deposit and power

load centers in the Southwest.

Roads, railroads, slurry pipelines, and power trans-
mission line corridors must all be considered. The ma-
terials to construct transportation networks, especially
steel, will be in short supply in the Kaiparowits region

just as they are in the rest of the nation.73

The pace of development of a large power and mining
industry in the Kaiparowits area depends upon the ability
of industrial managers to successfully compete for the con-
struction of a transportation system there, rather than

some other place in the nation.

f. Environmental Impact

The environmental impact created by expansion of a
massive coal industry is of serious concern to the public

and to policy makers.

The main environmental issue associated with most
Western coal production is the stripping of land and its
rehabilitation after production is completed. This is not

the main issue at the Kaiparowits Plateau because the mining

will be underground. The most serious problem arising

from the industrialization of the Kaiparowits region is the
degradation of existing regional air quality which at pres-
ent is among the cleanest and quietest in the United

States.74

The air quality problem is intensified because there

are five National Parks and a National Recreation Area
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within an 80-mile radius of the proposed site of the first
Kaiparowits powerplant: Grand Canyon National Park, Zion
National Park, Bryce Canyon National Park, Capitol Reef
National Park, Canyonlands National Park, and Glen Canyon
National Recreation Area. In addition, there are numerous
National Monuments and National Forests in the vicinity.

The industrialization of the Kaiparowits Plateau will
take place in the midst of this unusual concentration of
national recreational and wilderness facilities. Efflu-
ents from the stacks of the powerplants are expected to
degrade the regional air quality. The extent to which
massive industrialization will affect the traditional rec-

‘reational attractiveness of the region, and its parks,

monuments, and forests, is unknown at present. It is pos-
sible that public opposition to degradation of the air gual-
ity may retard the plans for maximum development of coal-

fired powerplants in the Kaiparowits region.

g. Legal Requirements

Other factors that could delay or discourage large-
scale mining and power production include governmental
regulations, particularly environmental regulations. Time-
consuming review and approval by federal and state agencies
is necessary to establish road and transmission rights-of-
way, plant sites, rights to regulated water and acceptable
air pollution abatement procedures. Environmental impact
statements must be prepared, disseminated, reviewed, and
finalized before major federal action significantly affect-
ing the environment--such as the signing of leases and
construction contracts--can be undeitaken. The licensing
of new powerplants presently is not centralized at one

governmental level, which means that the utilities must
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spend several years seeking approvals from numerous public

bureaus and agencies before beginning construction.

The Department of the Interior has also published pro-
posed regulations74A that would require diligent develop-
ment of coal leases, a condition that has only nominally
existed in the recent past. The new regulations would re-
quire that a lessee be included in a "logical mining unit"
(LMU)74B 74C

either preparatory studies or construction work in order for

which must be "diligently developed" through
the lease to be maintained. Every two years, the lessee
would be required to report to the USGS Mining Supervisor
what work had been done and what expenditures undertaken on
the LMU. At the same time, he would also be expected to
furnish information on his plans for development of the LMU
for the following two years. If the lease were not being
diligently developed, it could be lost. Moreover, if the
lease or the Mining Supervisor so requires, continuous op-
eration (i.e., extraction, processing, and marketing of coal
in commercial gquantities from the LMU without interruptions
totalling more than six months in any calendar year) may
be made a condition for maintaining the lease.74D If these
regulations are adopted, and if they are applied to exist-
ing leases (which is a yet unresolved issue), they will
revolutionize current practices of the coal industry on

the Plateau.74E Many of the coal leases on the Plateau
were acquired as prospecting permits up to ten years ago
and are still nowhere near production. If these regulations
are applied to existing leases, the Plateau will face
heightened activity as the lessees seek to maintain their

valuable interests in the area's coal.

Changes in the law or in federal agency regulations

may also delay immediate development. One such change
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likely to have an important effect on the near future is the
Department of the Interior's proposed EMARS (Energy Minerals
Allocation Recommendation System) program.75 This program
would still involve competitive bid leasing of coal, but
would institute a new two-step process before leasing could
occur. First, an allocation process to determine the appro-
priate amount of coal to enter the market would be em-
ployed. A tract selection process would follow to choose
the locations from which coal is to be drawn based on such
considerations as the difficulty of rehabilitative work in-

76 Such determinations of alloca-

volved in reclamation.
tion and selection are to be made only after consultation
with the coal industry. Although it is unclear just how the
EMARS program will operate, it seems evident that such a
major change in agency procedures and requirements will

affect both the amount and location of coal leased.

The Department of the Interior is also taking slow,
careful steps on the state level, at least in Utah, toward
increasing rental rates on leased coal lands by charging a
rental equal to the specified percentgae of the gross value
of the coal produced. Likewise, in 20-year reviews of coal
leases, more stringent production requirements are being
established, including the payment of advance royalty at
rates keyed to the production of a specified amount of coal
each year times .a set royalty per ton. Both the amount to
be produced and the royalty per ton increase over the term

of the lease. This action is designed to make holding coal

-leases without production less profitable.

More fundamental changes in the law are also pending.77

One important development is the legislation on strip-mining
which was vetoed by President Ford on December 30, 1974.

This legislation has been reintroduced in the 94th Ccongress;
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new federal regulations of strip-mining have also been pro-
posed.78 Although such new developments would probably have
little direct bearing on Kaiparowits, because nearly all the
coal there is only recoverable by underground methods under
present technology, its fairly stringent controls on sur-
face mining may make development of underground supplies

at the Kaiparowits more attractive to coal interests than

would have been the case otherwise.

Policy changes are also forthcoming. As part of Proj-
ect Independence, President Ford is pushing for conversion
of baseline oil-fired powerplants to coal within the next
5 years.79 Such a goal will put great pressure on federal
agencies to promote rapid development of coal in areas

such as Kaiparowits.

Finally, reorganization of federal agencies dealing
with energy matters has recently occurred, and a new Energy
Research and Development Agency (ERDA) has been created.
ERDA is designed to coordinate all energy and resources
activities under one agency. ERDA will include.the Bureau
of Mines, the Office of Coal Research, other parts of the
Department of the Interior, the old Atomic Energy Com-
mission (AEC) and parts of the National Science Foundation
involved with energy. Certainly, the reconstruction of a
viable organization cannot proceed without some delay due
to overlapping functions and administrative uncertainty.
The transition of federal agencies to ERDA could conceiva-
bly intensify the institutional crisis which exists be-
cause of the multiplicity of regulations and problems con-

cerned with coal development.
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GLOSSARY ,
(adapted from Glossary of GeologyBO)
Aquifer -- A body of rock that contains sufficient water-

filled pores to conduct groundwater and to yeild eco-
nomically significant quantities of groundwater to

wells and springs.

BTU -- British Thermal Unit -- 1 BTU equals the heat regquired

to raise one pound of water one degree at or near its
point of maximum density (39.l°F).

Coke -- A combustible material consisting of the fused
ash and fixed carbon of bituminous coal, produced by
driving off by heat the coal's volatile matter. It
is grey, hard, and porous, and as a fuel it is prac-
tically smokeless.

Coking Properties -- Those properties that produce in some
coals the ability to coke. '

Fixed Carbon -- The remaining solid, combustible matter in
coal after removal of moisture, ash, and volatile
matter, expressed as a percentage.

Lacustrine -- Pertaining to, produced by, or formed in a
lake or lakes, as "lacustrine beds" deposited on the
bottom of a lake.

Lenticular -- Resembling a lens in shape, especially a
double convex lens.

Lithified -- To be changed from a loose sediment to a rock;
to be changed to stone.

Monocline -- A unit of rock that dips or flexes from the
horizontal in one direction only. It is generally «a
large feature of gentle dip.

Overburden -- Barren rock material, either consolidated
or unconsolidated, overlying a mineral deposit and

which must be removed prior to mining.
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Peat -- An unconsolidated deposit of semicarbonized plant
remains of a water-saturated environment, such as a
bog, and of persistently high moisture content. Struc-
tures of the vegetal matter can be seen. When dried,
peat burns freély.

Volatile Matter =-- Those substances, other than moisture,

given off as gas and vapor during combustion of coal.

Standardized laboratory methods are used in analysis.
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FOOTNOTES

Legal footnotes: The form of citing most of the legal
references in the following footnotes may be found in

A Uniform System of Citation published by the Harvard Law
Review Association, Cambridge, Massachusetts (1967).
Explanations of the abbreviations follow:

43 U.S.C. 5184 = Title 43, United States Code, Section 184

43 C.F.R. §3511 = Title 43, Code of Federal Regulations,
Section 3511

39 Fed. Reg. 43229 = Volume 39, page 43229, Federal Register

1. "It has been estimated that a foot of bituminous coal
contains plant material accumulated over a period of
several centuries." Averitt, Paul, 1969, Coal Resources
of the United States, January 1, 1967, U. S. Geological
Survey Bulletin 1275, U.S. Government Printing Office,
p. 16.

2. See Glossary.

3. Most often this heating value is measured in Btu per
pound of coal. One Btu is the heat required to raise
one pound of water one degree Fahrenheit.

4. Table A is reproduced from Simon, Jack A., and M. E.
Hopkins, 1973, "Geology of Coal," in Cassidy, S.M.,ed.,
Elements of Practical Coal Mining, Society of Mining
Engineers of the American Institute of Mining, Metallurgical
and Petroleum Engineers, Inc., New York, pp. 22-23, Table 1.

5. Local heating from intrusions of molten rock, and in-
creased temperature and pressure due to geologic pro-
cesses of deformation and mountain building, may aid
the process of coalification.

6. However, with demands for cleaner emissions from coal-
fired power plants, electric utility companies are
beginning to seek coals with lower ash and sulfur con-
tents to meet their needs. These coals are not only
less abundant and more expensive, but also are often
those needed by the metallurgical industry.

7. At its maximum extent during this time, the inland sea
probably reached all the way to the area which is now
Zion National Park. However, any sediments that might have
been deposited then have since been eroded away.
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Table A. Classification of Coals by Rank4
Classification of Coals by Rank *®
Fixed Carbon Volatile Mat- Calorific Value
. Limits, % ter Limits, Limits, Btu per
(Dry Mineral- % (Dry, Min- Ih (Moist,”
Matter-Free eral-Matter- Mineral-Mattor-
_ Basis) Free Basis) Frce Basis)
. Equal Equal Equal
or or or
QGreater TLess Greater Less Greater Less Agglomerating
Class Group Than Than Than Than Than Than Character
1. Meta-anthracite 98 . .. 2 .. ..
I. Anthracitic 2. Anthracite 92 98 2 8 .. .. Nonagglomerating
3. Scmianthracite ¢ 86 92 8 14
1. Low-volatile bituminous 78 86 14 22
. coal
ot 2, Medium-volatile bitumi- (9 78 22 31
‘nous coal . ' ) 4
II. Bituminous 3. ngl.l-volnhlc A Litu- . . 69 31 .. 14,000
minous coal Commonly ag-
4. High-volatile B bitu- e .. e . 13,000 « 14,000 glomncrating €
minous conl |
5. Iligh-volatile C bhitu- . . e . jn,mm 133,000
minous conl }
tJO,ﬁ()() 11,500 Agglomerating
1. Subbituminous 4 coal .. . . 10,500 11,5001
‘III. Subbituminous 2. Subbituminous B coal o 9,500 ]0,500L
3. Subbifuwminous C conl . s e ;‘f.lf‘;'“w“ _‘54’,7'""_0_ Nonagglomerating
- e 1. Lignito 4 .. ‘e .. .. 6,410 8,300
V. Lignitic 2, TLipnito 1 . .. . . .. 3,300

PSR SRSV e e o ————— 8 i A 8 b ¢ s ¢ s na e P [ U

Cpem: Ameriean Society for 'Pestingg and Matevinks, 1) 388,
@ Phis elassifiention does not inehido a few conly, principally nonbanded varieties, which hiave unusuil physieal and cheunen) prop-
erlivs and whieh eame within tha limite of (ixed earbou or ealorifie value of the high-volatile bituminous and subbituminoeuy ronk, il
of these coals cilher contain loss i (845 dry, mineral mattor-froe fixed earbon or havo more than 15,500 moist, mincral-matler-free
Btw per 1h,
h .\'Inixt refers 1o coal containing ity natural inherent moisture but not ineluding visible water on the surfaco of the coul.
e 1t agglomeraling, classify in low-volatile group of the bitwninouy class.

4 Coals having (9% or more lixed earben on tho dry, mineral-matter-free basis shall bo ¢l

lvss of enlorifie value,
€It iz recopnized that there may bo nonagglomerating vuric

exceptions in high-volatilo ¢ bituminouy group,

assified aceording to fixed carbon, regard-

ticw in these groups of thie bituminous class, and there are motable
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This uplift was part of the creation of the Rocky
Mountains, and is known to geologists as the Laramide
Orogeny, a time of mountain building which has been
named after Laramie, Wyoming.

Howard D. Zeller, personal communication, 1974.

Reserves are usually understood to mean those deposits
that currently can be economically extracted by pre-
sent mining methods. Resources are those deposits not
yet practical to remove, but which might become eco-
nomically mineable through future changes in cost or
through more advanced mining techniques. New classifi-
cation standards have just been adopted by both the

U. S. Geological Survey and the U. S. Bureau of Mines
to standardize resource terminology useage. This usage
has been summarized in Table B below, which is repro-
duced from Speltz, Charles N., 1974, "Coal Resources

of the Piceance Creek Basin, Colorado,"™ in D. Keith
Murray, ed., Energy Resources of the Piceance Creek
Basin, Colorado, 25th Field Conference, Rocky Mountain
Association of Geologists, Denver, Colorado, p.238.

Doelling, H.H., and R. L. Graham, 1972, "Kaiparowits
Plateau Coal Field,"™ in H. H. Doelling and R. L. Graham,
Southwestern Utah Coal Fields: Alton, Kaiparowits

- PTateau and Kolob-Harmony, Utah Geological and Mineral-

ogical Survey Monograph Series No.l, p. 102.

Daniel A. Jobin, personal communication, 1974.

Averitt, Paul, 1961, Coal Reserves of the United
States, A Progress Report, January 1, 1960, U.S.

Geologlcal Survey Bulletin 1136, U.S. Government

Printing Office, pp. 79-80.
Averitt, 1969, op.cit. p. 42 [footnote 1]
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Table B.

New Classification of Total Mineral Resources

10

This classification has been adopted by the U. S. Geological

Survey and the U.

Key Criteria:
1. Extent of geologic knowledge about the resource.
2. Economic feasibility of recovery of the resources.

“Glossary of Resource Terms

Resource — A concentration of naturally occurring solid, liquid, or gaseous
materials in or on the earth’s crust in such form that economic
extraclion of a commodity is currently or potentially feasible,

identified Resaurces — Specific bodies of mineral-bearing material whose
location, quality, and quantity are known from geologic evidence
supported by engineering measurements with respect to the dem-
onstrated category.

Reserve — That portion of the identified resource from which a usable
mineral and energy commodity can be economically and legally
extracted at the time of determination. The term ‘“ore” is used
- {or reserves of some minerals.

S. Bureau of Mines.

The following definitions for measured, indicated, and inferred o
applicable to both the “Reserve” and "|dentified-Subeconcmic” re
sources components:

Measured — Material for which estimates of quality znd cuani’y ha..
been computed, within a margin of error of iess then Z0%. e
sample analyses and measurement from closely scaced arnd geslzy
cally well-known sample sites. :

Indicated — Material for which estimates cof quelity and quantily baw
been computed partly from sample analyses and incastremen::
and partly from reasonabie geologic prajections.

Demonstrated — A coilective tarm for the cum of materials @ Eo®
measured and indicated resaurces.

inferred — Material in unexpizred estensions cf “Demonstraied” re-
sources for which estimatz of the gquelily and size are based o
geologic evidence and prcjection.

(Source: Department of the Interior News Release dated April 15, 1974, :
“New mineral resource terminology adopted.”)
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15. The following summary is reproduced from Bass, N. Wood,
Henry L. Smith, and George H. Horn, 1970, Standards
for the Classification of Public Coal Lands, U. S.
Geological Survey Circular 633, U. S. Government

Printing Office, pp. 9-10.

SUMMARY OF THE STANDARDS FOR THE

CILASSIFICATION OF PUBLIC COAL LANDS

1. Land shall be classified as coal land if it con-
tains coal having:

(a) A heat value of not less than 4,000
Btu (as-received basis) for an
unwashed or washed, unweath-
ered mine sample.

(b) A thickness of 14 inches for coals
having a heat value of 12,000 Btu
or more (as-received basis), in-
creasing 1 inch for each decrease
of 750 Btu between 12,000 and
9,000 Btu, and 1 inch for each
decrease of 250 Btu between 9,000
and 4,000 Btu. Any coal bed whose
thickness is more than 6 feet is
treated as a 6-foot bed. In calculat-
ing the thickness of a coal bed that
contains partings of shale, bone, or

impure coal, the thickness of the -

thinner bench of coal directly
above or below the parting is re-
duced by the thickness of the part-
ing; thus, the total thickness of
the coal bed (including partings)
is reduced by twice the total thick-
ness of the partings.

(c) A depth of not more than 6,000 feet
for a bed of coal 6 or more feet

thick having au as-received heat
value of 15,000 Btu. The depth de-
creases 333 feet for each decrease
of 1,000 Btu between 15,000 and
9,000 Btu and decreases 400 feet
for each decrease of 1,000 Btu be-
tween 9,000 and 4,000 Btu. Ifor a
bed of minimum thickness, the
depth may not be more than

~ 1,000 feet. For beds of any thick-
- ness between the minimum and 6

feet, the depth is graduated be-
tween 1,000 feet and the maxi-
mum depth for a 6-foot bed.
Moreover, the depth limit shall be
computed for each individual bed

“except that, where two or more

beds occur in such relations that
they may be mined from the same
opening, the depth limit may be
determined on the group as a unit
and is fixed at the center of
weight of the group; no coal below
the depth iuwrc thus determined
is to be considered.

2. Classification shall be made by quarter-
quarter section, surveyed tract, or surveyed

16. This estimate has never been published by the U. S. Geo-
logical Suryey, but it has been used internally as the
most recent value for total coal resources in the Kai-

parowits Plateau coalfield.

It is possible that the

Survey will update this figure with a resource estimate
based upon the new Known Coal Leas:.ng Area (KCLA) cri-
teria which include only that coal in beds greater than
4 feet thick and under less than 3000 feet of overburden
(Howard D. Zeller, personal communication, 1974).
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17.

18.
19.
20A.

20B.

21.

22.

23.

24.

25.

26.

27A.

27B.

In cases where drill hole data have been released by
private campanies, their information has shown the U.S.
Geological Survey's resource estimates to be consistently
on the conservative side. This tendency to underesti-
mate resources may stem from the fact that field estimates
of the amount of coal must be based on the limited, wide-
ly spaced outcrops which are available on the Plateau.

The Survey also uses conservative formulas for computing
coal resources.

Averitt, 1969, op.cit. pp. 12-13 [footnote 1]
Doelling and Graham, 1972, op. cit. p. 105 [footnote 11]
Ibid. p. 104

Hellmut Doelling, Economic Geologist, Utah Geological and

"Mineralogical Survey, letter to O. L. Anderson dated

11/27/74.

It is possible that large quantities of coal exist at
relatively great depths below the Table Cliffs and
Escalante Mountains and, because of their great depth

of burial, they could be of higher rank than the exposed
coal of the Kaiparowits Plateau.

Averitt, 1969, op.cit. p. 18

Doelling and Graham, 1972, op.cit. p. 102.

Most new coal-fired powerplants now use pulverized coal,
which has been crushed so that the coal has the consis-

tency of talcum powder (about 200 mesh) and thus can
be fed into the burner much like oil.

Coal mines and prospects of the Kaiparowits coalfield
are listed in Table C, reproduced from Doelling and
Graham, 1972, op.cit. p. 92, Table 3.

Doelling and Graham, 1972, op. cit. pp. 102-106.

Morgan S. Jensen, District Manager, Bureau of Land Manage-

ment, Kanab, Utah, letter of 0. L. Anderson dated 11/26/74.

Environmental Studies Board, Study Committee on the
Potential for Rehabilitating Lands Surface Mined for
Coal in the Western United States, 1974, Rehabilitation
Potential of Western Coal Lands, National Academy

of Sciences, Ballinger Publishing Company, Cambridge,
Mass., p.28, Figure 3.3.

- - — - - -..‘
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Table C.

Coal mines

Mine or Prospect
(by quadrangle)

Location

Remarks

Canaan Creek
Alvey mine
Schow mine

Prospects

Christensen mine

Richards mine
Shurtz mine
" Winkler mine

Griffin Poirt

Clicrry Creek mine
Com Creek mine

Prospects

Gunsight Butte NW
Prospect
Henrieville

Prospect (Dakota)

SE.NW.12-36S-2E
4,171,885mN 444.310mE

SW.SW.36-358-2L
4,174,305mN 443,755mE

1-36S-2E
4,173,625mN 444 4651E

368-2L2
173,685mN 444,465mle

1-

4)
C.NW.SWV.SE.35-355-2E
4,174,270mN 442,735mi

NE.NE.NE.SE.SE.35-358-2E

4,174,395mN 443,380m1

NW.SW.SW.36-35S-218
4,174,295mN 443,545mkE

SW.SW.SENW, 12-3682E
4,171,630mN 444.215ml

SE.8-358-11
4,180,670imN 429,185mkE

§%.5-358-11%
4,182,210mN 428,600mE

$%.5-358-11
4,182,388iuN 428,610mE

$%.4-35S8-115
4,182,930mN 430,230mE

R-42S-41%

25-375-2W Little Creck

Active 1920-1962

1952-1961 1250 TPY

(inactive)

Active 1893-1930

1893-1930 cperated
avery vezr 1920-100
TPY (iractive)

1913-1928 100 TPY
average (iracrive)

1913-1925 100 TPY

Abandoned

Active 1962-19647
214 TPY (inactive)
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and prospects of the Kaiparowits coalfield.25

Mine or ospect
(by quadrangle)

Location

Remarks

Needie Eye Point

Prospect
(John Henry)

Nipple Butte NE

Spencer No, 1 mine

Spencer No. 2 mine

Prospect
(John Henry)

Warm Creck

Experimental mine

(Missing Canyon)
Nipple Butte SE

“Dakota’ mine

Bryce Canyon coal
and coke mine

Pine Lake

Davics mine
Pollock mine

Shakefpear
(Tropic)

Tropic Canyon

Prospect

NE.NE.NE.NE.3340S4E
4,127,670mN 458,240mE

SW.SW.3428-3E
4,114,850mN 448,690mL

SW.SW.3428-3E
4,114,940mN 448,780mE

NW.SW.12428-31
4,113,730mN 452,220mL

NV2.N%:.3641S-R3E
4,117,890mN 452,760mE

NE.S\W.74354E
4,104,800mN 454,200mE

SW.NE.21-428-1W
4,111,120mN 418,900mE

RS

NE.NE.36-36S-2W

4,165,740mN 416,230mE ~

SE.SE.25-368-2WV
4,165,940mN 416,30SmE

NW.NW.23-36S-2WV
4,168,630mN 413,530mE

SE.NW.5-368-2W
4,173,190mN 409,090mE

1913-0niy 115 tons
Abandonad

1971-

456 tons total
production

Intermittent
1939-1970?

Active

1952-1953

Active
1920's

Active 1952-1963?
480 TPY Average
(inuctive)
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28.

29.

30.
31.
32.
33.

34.

35.

36,

36A.

36B.

37.

38.

39.

Doelling and Graham, 1972, op.cit. pp. 102-106.

The U. S. Bureau of Mines soon hopes to assist in the
development of a number of prototype methods for
mining thick and multiple coal seams. One of the
pilot plants to develop such techniques may be sited
at Kaiparowits.

Doelling and Graham, 1972, Op.cit., pp. 92, 96-97.
Averitt, 1969, op.cit. pp. 27-29.

Ibid. p. 29.

See Doelling and Graham, 1972, p. 92 and pp. 96-97.

An executive order by Pres. Theodore Roosevelt with-
drew coal lands from homesteading in 1906. In 1910,
Congress again opened public lands containing valuable
coal to homesteading, but allowed only surface rights
to be acquired, reserving rights to underlying coal to
the federal government. See 43 U.S.C. 83(1970).

43 U.S.C. §181 et seq. (1970).
See Utah Code Ann. §65-1-15 (1953).

The state acquired these "school sections" in accord-
ance with §6 of the state enabling act, 28 STAT. 107
(July 16, 1894). 1In southern Utah, the state usually
has title to sections 2, 16, 32, and 36, while most
of the intervening land, at least on the Plateau, is
federal. :

To obtain a prospecting permit, an individual submits

an application showing his qualifications, along with a

nonrefundable $10.00 filing fee, to the Bureau of Land
Management. He must also include full payment of the
first year's rental at a rate of $0.25 per acre but

no less than $20.00 per year.

30 U.S.C. §201(b) (1970). For a discussion of the
"workability" criterion, see note 51 and accompanying
text. '

See 43 C.F.R. §3511.3-2 (1973).

See 43 C.F.R. §3501.1-4 (1973).
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40.

41.

42.

43.
44.
45.
46.

47.

48.
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See 30 U.S.C. §184(a) (1) (1970). See also 43 C.F.R.
§3501.1-4 (1973).

See 43 C.F.R. §3501.1-3 (1973).

It appears that this decision involves a large degree
of discretion. The absence of clear standards is
widely recognized by decision-makers. According to
the Conservation Division Manual 671.5.3C(2) (1968),
coal is "workable" if "its value, as determined by its
character and heat-giving quality, exceeds the cost

of extraction, either as judged by actual experience
on similar coals similarly situated elsewhere." A new
formulation of standards on workability has been re-
cently established by the Denver office of the USGS,
using fairly objective standards such as size of out-
crops and factors by which beds of coal seen there may
be projected. The new standards apparently are being
used to outline known workable coal areas for future
leasing.

In the past, the knowledge that coal is workable has
meant that a competitive lease is required even though
the coal's full economic significance or suitability
for a particular economic use is not known. Even if
there are known coal outcrops on the land in question
or on adjoining land, there is not necessarily enough
information to establish that the coal is workable and
therefore necessarily requiring a competitive bid lease.

See 30 U.S.C. §201 (1970).
See 43 C.F.R. §3503.3-2 (1973).
See 30 U.S.C. §207 (1970).

Some change in these requirements has been made, how-
ever; a recent federal lease in Utah required $1.00
per acre per year for the first five years and $3.00
per acre per year thereafter.

See 30 U.s.C. §207 (1970).

Although some changes are being made toward really
requiring minimum production by increasing such ad-
vance royalty payments, Kaiparowits Plateau leases will
not be affected until about 1984 when the 20-year review
period comes up for the first of them.
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49.

49A.

50.

50A.

51.

52.

52A.

53.

54.

55.

Previously, the Code of Federal Regulations indicated
that "Every applicant for lease or permit must also
furnish a showing as to the need for additional coal
production which cannot otherwise be reasonably met,
or, if such a showing of need cannot be made, a state-
ment of the reasons why a lease or permit is desired"
43 C.F.R. §3131-2(d4) (1969). This provision was de-
leted as unnecessary in 1970.

But see "Future Outlook" section for discussion of the
new production requirements recently proposed by the
Department of the Interior.

See U.S.C. §185(h) (1970). This has never been done.
See Council on Economic Priorities, Leased & Lost,
p. 7 (1974).

The division of authority between the BLM and USGS is
outlined in Secretarial Order 2948 (October 6, 1972).

In contrast to this classification for leasing purpo-
ses, "known coal lands" is a designation used with
respect to disposition of federal lands. The standards
for this classification, which differ from those applied
to land to be leased by competitive bid, are set out in

Bass, Smith and Horn, 1970, op.cit. [note '15].

See U.S. Department of Interior, Bureau of Land Manage-
ment, Draft EIS on Propcsed Federal Coal Leasing Program,
No. 74-53, p. I-149 (Mav 1974). [hereinafter cited as
Draft Coal EIS.]

Secretarial Order 2952.

See U.S. Department of Interior, Instruction Memorandum
No. 73-231 on Application of the Secretary's Short-Term
Leasing Criteria, p. 4 (June 6, 1973).

Telephone communication with Regional Solicitor's Of-
fice, Salt Lake City, Utah, November 8, 1974.

Recently, the Sierra Club has sought an injunction
against any further development of coal in the Northern
Great Plains region (particularly in South Dakota, but
also throughout the Upper Missouri River basin) until
an adequate EIS is prepared and NEPA requirements are

met. Sierra Club v. Morton, 4 ELR (D.D.C., Feb. 14, 1974),

now on appeal to the D.C. Circuit (Civ. No. 1182-73).
Although this suit was begun and summary judgment

- - - - - -.,
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56.

57.

58.

58A.

58B.

59.

60.

6l.

62.
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granted for defendants before the draft EIS was published
in May 1974, it seems likely that a test of the adequacy
of the coal EIS will take place in this or a similar
forum.

See 43 C.F.R. 823 (1973).

New regulations on coal mining operations have been
proposed recently by the USGS. See 40 Fed. Reg. 4428
(Jan. 30, 1975). The strip-mining bill passed by the
93rd Congress was vetoed by President Ford on Dec. 30,
1974, but further legislation may be introduced in the
future.

42 U.S.C. 4321 et seq (1970). for a detailed discussion
of NEPA, see Anderson, NEPA in the Courts (1973) and
Dolgin & Guilbert, Federal Environmental Law (1974).

If a number of agencies are involved in the single ac-
tion, they must work together in preparing the state-
ment. A statement prepared by the developer may not be.
substituted for agency analysis. See Greene County
Planning Bd. v. Federal Power Comm'n, 455 F.2d 412

(24 Cir.), cert. denied, 409 U.S. 849 (1972).

Courts are grappling with how this requirement is to be
applied in practice. Compare the district court's de-
cision in Sierra Club v. Froehlke, 359 F. Supp. 1289
(E.D. Tex. 1973) with the court of appeal's reversal

in Sierra Club v. Callaway, 499 F.2d 984 (5th Cir.
1974).

"Project Impact Examined: Kaiparowits Economic Changes
for Kane County," Lake Powell Chronicle, November 6,
1974, p.1l. ~

Although the State Engineer has approved the appli-
cation for 102,000 af of water, the consortium has not
yet offered proof of their application, so actually
the approval could be retracted. However, retraction
is considered unlikely. See Chapter E, Water Resources.
[Chapter E is another section of the Data Book in pre-
paration.]

Arizona Public Service Company, Salt River Project,
San Diego Gas & Electric Company, and Southern Calif-
ornia Edison Company, 1973, Kaiparowits Project: Envi-
ronmental Report, Volume 1, p. I-4.

Unpublished information from Utah Power and Light
Company.
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63A.

63B.

The seven public utilities that make up the Intermoun-
tain Power Project (IPP), and their percentages of
participation in the Project, are given below:

Intermountain Consumers Power Association (Utah)...15%°
(ICPR)
City of Anaheim (California)........... cessesenassslD®
City of Burbank (California)............ Ceeeae s 2-1/2%
city of Glendale (California)......... ceeeeesan2=1/2%
City of Los Angeles (California).............. eee..50%
City of Pasadena (California)....... ceesaeeeeaenn e es5%.
City of Riverside (California)............ Ceessenens 10%

ICPA is acting as the lead utility within the State
of Utah.

"The City of Los Angeles has been assigned the task of
conducting the IPP feasibility study and could possi-
bly undertake final project engineering."

Source: Information Packet, Intermountain Power Project,
1974, (unpublished). Material presented at a meeting
concerning the Intermountain Power Project held at

the Utah State Office of the Bureau of Land Management
in Salt Lake City, Utah, April 30, 1974.

Press release 25 October 1974 by Joseph Fackrell, Presi-
dent, Intermountain Power Project:

"The Salt Wash area of Wayne County in south-central Utah
was selected as the primary study stie for a 3-million
kilowatt electric power generating plant proposed by the
Intermountain Power Project (IPP) of Sandy, Utah, Joseph
C. Fackrell, IPP president, said today.

Selection of the Salt Wash site, approximately 10 miles
north of the town of Caineville, was made following an
extensive analysis performed at several preliminary study
areas by Westinghouse Environmental System Department,
other consultants, and IPP engineers.

Among the factors considered in selecting the Salt
Wash area were availability of water and fuel, environ-
mental impact, topography and geology, accessibility, and
transmission lines.

A weather station with a 330-foot tower is being con-
structed during October in the vicinity of the Salt Wash
site to measure and record wind direction and velocities,
temperature, humidity. precipitation and other required
information. Further environmental input will be gained

Il BN N BN N BN
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through wildlife, vegetation and soil surveys to be con-
ducted on a regular basis at the primary study area.

The coal-fired generating plant for the $1.5 billion
project would occupy an area of about two square miles.

'The proposed plant could begin generating power by
1981, utilizing Utah coal resources, providing employment
and creating a substantial tax base,' Fackrell said. 'IPP
management is committed to "open planning" during the
development of this vitally needed electric energy resource
for the people of Utah and California,' he added.

Participating in the project feasibility study is
the Intermountain Consumer Power Association of Sandy,
Utah, comprised of 26 municipal electric systems in Utah
and all six rural cooperatives. Other study participants
are the California cities of Anaheim, Burbank, Glendale,
Los Angeles, Pasadena and Riverside."

Task Force on Energy of the National Academy of Engineer-

'ing, 1974, U. S. Energy Prospects: An Engineering View-

point, National Academy of Engineering, Washington, D.C.,
p. 6. [This reference is cited below as NAE, 1974.]

Recoverable coal reserves in the United States are
capable of supplying many energy needs for centuries.
This study concludes that the 1973 coal production rate
of 600 million tons per year (MTPY) could be doubled
+o at least 1,260 MTPY by 1985.

Ray, Dixy Lee, 1973, The Nation's Energy Future: A Re-
port to Richard M. Nixon, President of the United States,
U. S. Atomic Energy Commission Report WASH-1281, U.S.
Government Printing Office, p. 48.

In the report to the President submitted by Dr. Dixy
Lee Ray, Chairman of the Atomic Energy Commission, one of
the five tasks required to regain and maintain energy
self-sufficiency was defined as:

Task 3. SUBSTITUTE COAL FOR OIL AND GAS ON A MASSIVE
SQALE.‘ This task can be divided into two parts. The
first is to switch wherever possible to the direct use
Qf goal where oil and gas are now used, as in boilers
in industry and in central power stations...Coal is an
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enormous domestic resource, and immediate and intensive
efforts must be mounted to mine more of it... The sec-
opd part of the coal-substitution task is the conver-
sion of coal to synthetic fuels.

Later in the same report, there appears the statement:
ibid., p. 101.

to obya%n energy self-sufficiency, U. S. coal mining
capability will have to at least triple in this

‘century. In the near-term over 600 million tons/year

gf igditional coal production capacity will be required
Yy 85.

66. NAE, 1974, pp. 34-35.

According to the NAE study, "it is within the

capability of the coal industry to expand mine production
by about 660 MTPY in the next 11l years." '

The magnitude of the projected increase in coal pro-
duction can be grasped better if the numbers are trans-
lated into physical facilities to be added. Listed
below are the kinds of actions that would be needed

to achieve the estimated 1985 production levels.

Develop 140 new 2-MTPY eastern underground mines.
Develop 30 new 2-MTPY eastern surface mines.
Develop 100 new 5-MTPY western surface mines.
Recruit and train 80,000 new eastern coal miners.
Recruit and train 45,000 new western coal miners.
Manufacture 140 new 100-cubic-yard shovels and

draglines
Manufacture 2,400 continuous mining machines.

000000

(0]

Stated another way, on the average one new deep mine
and one new surface mine must be brought into pro-
duction every month for 10 years.

- - -;,
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67. NAE, 1974, pp. 33-34.

The NAE report does not. list
western underground production in its discussion of coal

production and its problems.

Table D.

Estimated Coal Flows for 1973 and 1985

1973 1985
Output Output
Sources . (MTPY) (MTPY)
Eastern underground - 300 480
Eastern surface 240 220
Western surface 60 520
Total 660 1,260

Source: Adapted from NAE, 1974, pp. 33-34.

68. U.S. Department of the Interior, Water for Energy
Management Team, 1974, Report on Water for Energy
in the Upper Colorado River Basin.

69. NAE, 1974, p. 96
70. NAE, 1974, p. 92.
71. NAE, 1974, p. 35

72. NAE, 1974, pp. 103-105
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73. NAE, 1974, p. 92.

Prior to the imposition of the oil embargo, material
and equipment lead times were already long and were
becoming longer in most cases as new plant orders in-
creased during 1972-1973. Since last November [1973]
the steel mills supplying sheet, tubular products, and
‘rolled shapes have been supplying distributors on an
allocation basis. The result is that lead times have
extended considerably because of market instabilities
and shortages of raw materials. Indeed, if steel pro-
duction capacity is not expanded rapidly, beginning
immediately, the goals outlined in this [NAE] report
could probably not be attained.

NAE, 1974, pp. 37, 39.

Shortages of locomotives, gondola cars, and hopper cars
are apparent even now; and in many cases power plant

or mine owners will probably want to purchase their

own rolling stock. Safety and environmental problems
will probably increase as traffic increases on mainline
trackage. All new overland transportation systems

will need new additional rights-of-way, new facilities,
new crews, and new rolling stock.

The estimated increase in transportation systems which
will be necessary in the period 1974-1985 to handle the new
coal production needed by the United States has been presented

in the NAE report:

NAE, 1974, p. 40.

o Construction of 60 new 2-MTPY eastern rail-barge

systems of 100 to 500 miles each

o Construction of 70 new 3-MTPY western rail-barge
systems of 1,000 to 1,200 miles each

o Construction of 4 new 25-MTPY slurry pipelines of

1,000 miles each

o Construction of 2 new 2.5 BCFD [billion-cubic-feet-
per-day] gas pipelines of 1,000 miles each

o Manufacture of 8,000 railroad locomotive units

o Manufacture of 150,000 gondola and hopper cars
each of 100-ton capacity

Il N N s
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74A.

74B.
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Walther, E.G., M.D. Williams, R. Cudney, and W. Malm,
1974, Air Quality in the Lake Powell Region, Lake
Powell Research Project Bulletin No. 3, Institute

of Geophysics and Planetary Physics, University of
California, Los Angeles, 43 p.

The legal controls on such degradation of air quality
are now in a state of flux. See Sierra Club v.
Ruckelshaus, 344 F. Supp. 254 (1972), aff'd mem. sub
nom Fri v. Sierra Club, 412 U.S. 541 (1973); and the
new EPA Guidelines, 39 Fed. Reg. 42510 (Dec. 5, 1974).
For a more complete discussion of legal controls on
air quality, see the forthcoming Kaiparowits Plateau

Handbook publication on that subject.

39 Fed. Reg. 43229 (Dec. 11, 1974).

Id. § 35500.0-5 (4).

"An LMU is a compact area of coal land that can be
developed and mined in an efficient, economical and
orderly manner with due regard to conservation of coal
reserves and other resources and in accordance with an
approved Mining Plan. An LMU may consist of one or
more Federal leaseholds, and may include intervening
or adjacent non-Federal lands, insofar as all lands are
under the effective control of a single operator. It
may also consist of lands committed to a contract for
collective prospecting, development or operations
approved by the Secretary pursuant to 30 U.S.C. 201-1.
The Mining Supervisor is authorized to approve or
establish an LMU."

"Diligent development means preparing to extract coal
from an LMU in a manner and at a rate consistent with
a Mining Plan approved by the Mining Supervisor.
Activities that may be approved as constituting dili-
gent development of an LMU include: environmental
studies, including gathering base-line environmental
data and design and operation of monitoring systems;
on-the-ground geological studies, including drilling,
trenching, sampling, geophysical investigation and map-
ping, engineering feasibility studies, including mine
and plant design, mining method survey studies; and
research on mining methods contracting for purchase

or lease of operating equipment and development and con-
struction work necessary to bring the LMU into produc-
tion. The work performed and the expenditure of

monies may take place on or for the benefit of the
leased land, or on other lands within the LMU, or at

a location remote from the land so long as they are
undertaken for the purpose of obtaining production from
the LMU."

Id.§ 3500.05 (e)
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74D.

74E.

75.

76.

77.

78.

These regulations borrow significantly from the law of
0il and gas. For a discussion of unitization and im-

plied covenant to develop see H. Williams and C. Meyers,

0il and Gas, abridged edition, 1973.

The new regulations would apply "to coal leases issued
after the effective date of these regulations and to
the extent possible to existing coal leases." There is
therefore some doubt whether the new policy would apply
to existing leases on the Plateau. Clearly, however,
they would govern leases to be made in the future.

Although the details of this attempt to develop an
orderly plan for the production of the nation's coal
have not yet been made public, the broad outline of
the plan appears in the Draft Environmental Impact
Statement for the Proposed Federal Coal Leasing Pro-
gram issued in May 1974. The final statement is ex-
pected to be issued in November 1974.

U. S. Department of Interior, 1974, op.cit. p. I-1-5
[footnote 20].

One example is S. 3528 introduced in May 1974 and
reported favorably by the Senate Committee on Interior
and Insular Affairs, which would change the present
system of leasing coal for indefinite terms to allow
leases only for 20-year terms, to terminate at that
time if coal is not being produced. Under the propo-
sal, all leases would be issued only under a competi-
tive arrangement and preparation of comprehensive

land use plans would be required before leases would
be approved and development and reclamation would also
be required.

Proposed new regulations to govern coal mining operations

were published in December 1974, see 40 Fed. Reg. 4428
(January 30, 1975). A strip mining bill very similar
to that vetoed by President Ford in December 1974 has
passed the Senate (S5-7) on March 12, 1975. The House
version of the bill (HR-25) is expected to be acted
upon soon. See BNA Environmental Reporter, 5, Current
Developments, 1791 (March 14, 1975).
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Coal News, No. 4234, October 11, 1974, p. 1l:

"Mr. Ford said he will ask Congress after its elec-
tion recess for new laws 'to require use of cleaner
coal processes and nuclear fuel in new electric power
plants and the quick conversion of existing oil plants.
I propose that we together set a target date of 1980
for eliminating oil-fired plants from the nation's
base loaded electrical capacity.'"

See also Energy Supply and Environmental Coordination
Act of 1974, Public Law No. 93-319, §2 (June 22, 1974).

Gary, M., R. McAfee, Jr., and C. L. Wolf, eds., 1972,
Glossary of Geology, American Geological Institute,
Washington, D.C., 805p.
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