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ABSTRACT 

The deepest, highest ranking and probably gassiest coals in the San 
Juan River coal region of southwestern Colorado are found in the 100 mile 
(mi) wide San Juan Basin of Colorado and New Mexico. The thickest and 
most continuous coal beds in the basin are found in the Cretaceous 
Fruitland Formation. 

Logs from 231 petroleum exploration drill holes were used to produce 
the following: a Fruitland Formation isopach, a Pictured Cliffs structure 
map, Fruitland Formation net coal and net sand isopachs, and Fruitland 
coal percentage and sand percentage maps. Of the 231 holes, 8 produced 
natural gas from sandstones in coal bearing zones, 5 were production 
tested in mixed sandstone and coal intervals (one well had an initial 
production of 1.6 MMCFGPD), and 5 were drill stem tested in coal bearing 
zones (one flowed 1 MMCFG in 35 min). 

The authors calculate 19.7 billion tons of coal are present in the 
study area. The coals are ranked high-volatile B (hvB) and high-volatile 
A (hvA) with local upgrading to medium-volatile (mv). Comparing gas 
contents of Cretaceous Raton Mesa coals to San Juan Basin coals, a gas 
potential ranging from 72 cubic feet/ton (cu ft/ton) to 514 cu ft/ton 
exists. The authors estimate a gas resource in the study area ranging from 
1.4 to 10.0 trillion cubic feet. 

INTRODUCTION 

The Colorado Geological Survey (CGS) is currently involved in a U.S. 
Dept. of Energy grant entitled "Evaluation of the Methane Content of 
Unmined/Unminable Coal Beds in Colorado." Coal mine gas occurrences, coal 
analyses, coal gas content data, and the geologic literature indicate that 
the San Juan River coal region of southwestern Colorado contains methane 
gas trapped in coal beds. As noted by Ferebee (1955, p. 175), "the gas in 
the Fruitland-Pictured Cliffs reservoir [of the San Juan Basin] is 
exceptionally "dry", more than 98 percent methane, and contains almost no 
heavier hydrocarbons •• some regard it as mostly coal gas." Such evidence 
justified a detailed methane study of the region. The results of that 
study are summarized below. 

TECTONIC SETTING 

Goolsby and others (1979, p. 38), have defined the San Juan River 
coal region as the area in southwestern Colorado bounded by the 1 ower 
contact of the coal-bearing Dakota Formation (Figure 1). The primary 
structure of the coal region is the San Juan Basin, a deep, roughly 
circular depression approximately 100 mi in diameter (Woodward and 
Callender, 1977, p. 209). The study area lies within this basin (Figure 
1 ) • 
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Figure 1. San Juan River Coal Region, southwestern Colorado. 
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The San Juan Basin is an assymetrical syncline (Figure 2) with at 
least 13,000 ft of structural relief (Woodward and Callender, 1977, p. 
210). The basin's arcuate axis lies south of the Colorado-New Mexico 
border. The U-shaped Hogback Monocline forms the northern rim of the 
basin. This monocline dips as much as 60° and has up to 8,000 ft of 
structural relief (Woodward and Callender, 1977, p. 209). To the east, 
the Gallina-Archuleta Arch and the Nacimiento Uplift bound the basin. To 
the south, the basin grades into the Chaco Slope. The southwestern 
boundary of the basin is formed by the Defiance Monocline. 

En echelon northwest-trending folds, and northeast trending 
high-angle faults of small displacement occur along the basin's eastern 
boundary (Woodward and Callender, 1977, p. 210). Around the basin's 
perimeter are radial folds plunging towards the basin's center and minor 
folds parallel to the basin's margins. The structures shown in Figure 2 
formed principally during Late Cretaceous Laramide time. The entire area 
was eperogenically uplifted, as much as a mile (Kelly, 1951, p. 129), 
causing removal of upper, middle, and some lower Tertiary sediments. 
Igneous intrusions were emplaced along the basin's margin during Tertiary 
times. 

STRATIGRAPHY 

The Precambrian basement has been encountered between 4, 685 and 
14,030 ft below the surface in the San Juan Basin. The basement is 
overlain by sediments from Cambrian to Quaternary in age. These sediments 
are briefly described in the stratigraphic chart of the San Juan Basin 
(Figure 3). 

The Cretaceous system contains all the coal-bearing sediments in the 
basin, and for this reason, only the Cretaceous .stratigraphy will be 
discussed in this paper. The stratigraphic descriptions only apply to the 
Colorado portion of the basin. 

In the study area, the Stanolind Ute Indian B#6 well (SEl/4, NWl/4, 
Sec. 17, T.33N., R.7W.) penetrated over 5,000 ft of Cretaceous sediments 
and the Precambrian was encountered at 13,047 ft. A combination Gamma 
Ray/SP-Resistivity log of the Cretaceous sediments is shown in Figure 4. 

Cretaceous System 

Dakota Sandstone 

The Dakota Formation is the oldest Cretaceous unit in the basin. 
This formation represents a transgressive sequence, recording a marine 
advance from either east to west or east-southeast to west-northwest 
(Molenaar, 1977, p. 160). It ranges from 175 to 275 ft in thickness and 
is usually divided into three zones. The lowest zone, which unconformably 
overlies the Morrison Formation, is a fluvial coarse conglomerate. The 
middle zone is a paludal, carbonaceous shale and coal sequence with 
occasional fluvial sandstones. The upper zone is a fine grained, marginal 
marine sandstone. Facies changes make correlation of these three zones 
across the basin extremely difficult. 
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Mancos Shale 

The Mancos is a marine shale conformably resting on the Dakota. This 
formation, ranging from 400 to 2,000 ft in thickness, makes up the bulk of 
the marine sediments of the basin. The Mancos was deposited in a deep 
water, low energy environment. It is predominantly a dark shale with a 
few calcareous concretions and bentonite beds. A thin limestone horizon 
occurs near its base, and offshore sandstone deposits near its top. Some 
authors divide the Mancos into two subgroups separated by an unconformity 
(Lamb, 1973, p. 72). 

Mesaverde Group 

The Mesaverde Group is a 350 to 1,100 ft thick regressive sequence 
divided into three formations: the basal Point Lookout, the Menefee, and 
upper Cliff House. 

The Point Lookout Formation is a regressive barrier beach sandstone 
deposited during a period of greater sediment influx than basin subsidence 
(Sears, et al, 1941, p. 116). It is a gray to brown, medium grained, 
sandstone ranging from 100 to 300 ft in thickness. Root marks 
occasionally occur in the contact zone between the Point Lookout and the 
overlying Menefee Formation. 

The Menefee Formation is a series of paludal carbonaceous shales, 
fluvial sandstones, floodplain shales, and coals deposited above the 
barrier beach sands of the Point Lookout (Molenaar, 1977, p. 164). Its 
thickness ranges from 0 ft where the Point Lookout and Cliff House 
intertongue on the eastern edge of the study area to a maximum of 400 ft. 

The Cliff House Formation is a transgressive sandstone sequence 
overlying the Menefee Formation. Formation thickness ranges from 150 to 
more than 450 ft. This gray sandstone weathers yellowish to a reddish 
brown. It contains lenses of hard, fine to medium grained sandstone, 
interbedded with softer, fine grained sandstones, mudstones, and shales. 
These lenses which intertongue with the Lewis and Menefee Formations are 
the result of minor regressions in the transgressive sequence. 

Lewis Shale 

The Lewis Shale is another major marine, transgressive deposit 
ranging in thickness from less than 100ft to greater than 2,500 ft in the 
northeast. The Lewis is dark gray, gray-green, and black in color. It 
contains sandy intervals, calcareous concretions, and numerous bentonite 
beds. The most prominant bentonite is the Huerfanito Bentonite Bed. This 
marker bed is usually picked on resistivity, conductivity, and 
transit-time geophysical logs and has been correlated across the entire 
basin (see Fassett and Hinds, 1971, p. 6). 

Pictured Cliffs Sandstone 

The Pictured Cliffs Formation 
sandstone overlying the Lewis Shale. 
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125 to 400 ft due to minor transgressions and regressions. The lower 
portion of the Pictured Cliffs is primarily interbedded sandstone and 
shales and the upper portion is a quartzitic, fine to medium grained 
sandstone. 

Fruitland Formation 

The Fruitland Formation is a coastal plain deposit of paludal 
carbonaceous shales, siltstones, sandstones, and coals deposited behind 
the reg res s i n g P i c t u red C l i f f s strand l i n e ( F i g u r e 5 ) • The form at i on 
ranges from less than 100 ft to greater than 600 ft in thickness and 
contains evidence of fresh and brackish water environments. The 
sandstones are soft to hard and gray-white to brown in color. The shales 
are firm and gray, brown and black in color. The coals were deposited in 
lagoons, marshes, swamps, and abandoned channels and covered by fluvial 
shales and sandstones. The Fruitland-Kirtland contact occurs at the top 
of the highest coal or carbonaceous shale bed, above the base of the 
Fruitland. 

K i rt 1 a n d S h a 1 e 

The Kirtland Formation is a 1,000 to 1,200 ft thick sequence 
deposited in back coastal areas and floodplains. Fassett and Hinds (1971, 
p. 23) divide this formation into two members. The lower member is a gray 
to gray-brown shale similar to the upper Fruitland shales. The upper 
Kirtland member, here called the Farmington-Upper Shale Member, is a 
combination of interbedded sandstones and shales. The shales of this 
member are gray, brown, green, and white in color and the sandstones are 
fin~ to medium grained and poorly sorted. The absence of carbonaceous 
shales and coals in this formation suggests a depositional environment in 
which higher stream gradients and good drainage prevented accumulation of 
organic material (Fassett and Hinds, 1971, p. 23). 

Cretaceous-Tertiary System 

Animas Formation 

T h e An i m a s F o rm at i o n i s d i v i de d i n t o two me m b e r s : t h e 1 owe r 
McDermott Member and the Upper Member. The McDermott Member is up to 400 
ft thick and is composed of lenticular sandstones, shales, and purplish 
conglomerates (rich in andesitic debris). The Upper Member is a 
grey-green to tan shale with numerous conglomerates. It is 1,100 to 2,600 
feet thick (Newman and McCord, 1980, p. 3-14). 

Tertiary System 

The Tertiary System in the study area is a basin fill sequence 
consisting of the Cretaceous-Tertiary Animas Formation, and the Tertiary 
Nacimiento, and San Jose Formations. Since the Tertiary Formations do not 
contain coal, they are not discussed in this paper. A description of 
these formations can be found in Newman and McCord (1980, p. 3-16). 
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Figure 5. Upper Cretaceous formations of the San Juan Basin. Coals 
are shown in black. 

- 9 -



COAL 

Coal Bearing Formations 

Three of the formations described previously contain coal in the San 
Juan River region. In ascending order, they are the Dakota, the Menefee 
(Mesaverde Group), and the Fruitland Formations. 

Four major coal horizons have been delineated in surface exposures 
of the Dakota Formation (see Boreck and Murray, 1979, p. 54). Seams 
average from 2 to 8ft in thickness (Wilson and Livingston, 1980, p. 70) 
but locally may reach 15ft. All seams are discontinuous and grade 
laterally into carbonaceous shale. The Dakota Formation was probably 
deposited in a flood-plain/braided stream environment with greater peat 
accumulation during more stable periods. 

Like the Dakota coals, the Menefee coals are extremely lenticular. 
There are 3 major coal bearing horizons, which may contain multiple beds 
of coal (Boreck and Murray, 1979, p. 55). The seams generally range from 
2 to 8 ft in thickness and locally may attain thicknesses of 12 ft. 
Deposition of peat occurred on a delta-plain between distributary 
channels. 

The Fruitland Formation, which averages 400ft in thickness, has the 
thickest and most continuous coal seams in the region. It contains two 
major coal zones with an occasional third zone where a Fruitland Formation 
tongue is present (Figure 6). The thickest and most continuous seams are 
found in the lowermost 70ft of the formation. Seam thicknesses 
throughout the entire formation range from less than 1 ft to 72 ft (see 
Appendix A). The areas of greatest peat deposition probably occurred 
behind the barrier coastline in brackish to fresh-water. lagoons and 
marshes, with minor deposition on the upper coastal plain (Figure 7). 

Coal Fields 

The study area includes part of the Durango Coal Field where Menefee 
and Fruitland coals have been mined. Figure 8 shows the locations of the 
mines in the study area and the surrounding region. Over 30 mines have 
produced Fruitland Formation coals since the mid-1880's. Coal bed names 
generally vary with the location of the mine and with the operator (Figure 
6 ) • 

Production 

Production data on the mines of this area are hard to obtain. Often, 
no records were kept and many mines were not operated on a year-round 
basis, due to the lack of a rail system and a small local demand. As of 
1977, the available cummulative production figures for the mines in the 
Fruitland Formation were 141,765 short tons of bituminous coal and 17,728 
short tons of subbituminous coal (Boreck and Murray, 1979, p. 57). 
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Reso_urces 

Study Area 

The authors chose a 590 sq mi study area in the Colorado portion of 
the basin for coal resource and coal bed methane evaluation because it 
contained some coals of medium-volatile rank (Figure 9). A great deal of 
methane gas is generated at this rank (Figure 10). In addition, the 
overburden in this area is probably sufficient to prevent gas loss and 
there are enough logs available in the area so that the coals can be 
mapped. The Fruitland coals are considered the best potential methane 
targets in this area for the following reasons: 

1. The Fruitland Formation contains a larger number of thick 
coal beds than either the Menefee or Dakota Formations. 
Individual coal beds up to 72 feet have been identified in the 
Fruitland Formation in the study area (see Appendix A), while 
typical thicknesses of Menefee and Dakota coal bees average 
8 ft or less. 
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Figure 8. Active and historical coal mines in the San Juan River 
coal region, southwestern Colorado (from Boreck and 
Murray, 1979). 



2. The Fruitland Formation coal beds formed behind regressive 
barrier islands in marshes and lagoons (see Figure 6 and Fassett 
and Hinds, 1971, p. 17; Shomaker and Holt, 1973, p. 6; Fassett, 
1977, p. 193). Such coal beds are more continuous than those 
formed in the deltaic depositional environments of the Menefee 
and Dakota Formations. 

3. Overburden thicknesses on Fruitland Formation coal beds are 
4,000 ft or less. In comparison, overburdens on Menefee 
coals often exceed 5,000 ft and overburdens on Dakota coals 
can exceed 8,000 ft. 

Please note: The study area and target Fruitland Formation were 
chosen not only because of high methane potential but also because of data 
availability. Additonal areas within the San Juan Basin and the deeper 
Menefee and Dakota Formations could also contain large quantities of 
methane gas (see Appendix B). 

Nine maps were constructed to show the coal resources of the 
Fruitland Formation in the study area. Logs from 231 of 719 drill holes 
in the study area could be used for coal bed determination. Radioactivity 
logs (gamma ray-neutron logs), bulk density logs, sonic logs, neutron 
porosity logs, density porosity logs, and compensated density porosity 
logs were used to identify coal beds. 

Interpretation of these logs was based on the following observations. 
Coals usually have low natural radiation which is seen as a low response 
on gamma ray logs. They also reflect low apparent density (high apparent 
porosity) on neutron, sonic, and density logs (Figure 11). Caliper logs 
were used when available to prevent confusing caved zones with coal seams. 

SP-resistivity and gamma ray neutron logs can mislead the interpreter 
when looking for coals. The response of a SP-resistivity log in a 
freshwater-bearing sandstone is very similar to the response in coal zone. 
The Fruitland Formation has freshwater sandstones interbedded with the 
coals; therefore these logs were not used for picking coals. The response 
of gas bearing sandstones and coals can be confused on gamma-ray neutron 
logs. Since this type of log was used for picking coals in this study, it 
should be noted that the total coal thickness may be exaggerated by the 
inclusion of gas-bearing sandstones. 

Coal bed and sandstone thicknesses obtained from the geophysical logs 
are conservative estimates. Coal thicknesses, depths, partings, and roof 
and floor rocks are listed in Appendix A. The subsurface maps on Plates 
1, 2, and 3 were constructed from the data in Appendix A. 
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Plate 1 

Map A, Plate 1 shows the location of petroleum exploratory drill 
holes used in this study. 

Map B, Plate 1 is a surface geologic map. The Cretaceous-Tertiary 
Animas Formation and younger sediments outcrop within the study area. The 
Fruitland Formation is only exposed at the basin's steeply dipping 
margins. 

Map C, Plate 1 is a structure map contoured on the Fruitland-Pictured 
Cliffs contact. Periods of stability and minor transgressions, during the 
overall regression, created intertonguing of the Pictured Cliffs and 
Fruitland Formations in some areas. The gray shaded areas on ~ap C show 
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Figure 11. Appearances of coal and associated lithologies on 
geophysical logs (from Kowalski and Fertl, 1976, p. 2). 

where the intertonguing is visable on the geophysical logs used in this 
study. Due to the presence or absence of intertonguing, three different 
deposit i ana 1 sequences are pass i b 1 e in the Fruit 1 and-Pictured Cliffs 
contact zone. The three sequences are described along wi~h the contacts 
chosen by the authors. 

1. Non-tonguing contact-The coals, shales, and sandstones 
of the Fruitland can directly overlie the obviously 
massive Pictured Cliffs Sandstone. In this case, the 
contact was chosen atop the thick Pictured Cliffs 
Sandstone, below the lowest Fruitland coal bed (see 
Fassett and Hinds, 1971, p. 19). 

2. Tonguing with coal contact-A coal bearing tongue of the 
Fruitland can bisect the Pictured Cliffs Sandstone. 
Here, the contact was chosen at the base of the lowest 
coal within the tongue (gray shaded area on Map C, Plate 1). 

3. Tonguing without coal contact-A shaley, non-coal bearing 
tongue of the Fruitland can bisect the Pictured Cliffs 
Sandstone. Since the authors found this case hard to 
distinguish on the geophysical logs, they used the same 
contact as in case one--the top of the Pictured Cliffs 
Sandstone, beneath the lowest Fruitland coal bed. 
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Plate 2 

Map A, Plate 2 is an isopach map of the Fruitland Formation. 

Map B, Plate 2 (a net coal thickness map of the Fruitland coals) 
shows the areas of greatest coal development. 

Map C, Plate 2 is a coal percentage map of the Fruitland Formation in 
the study area. 

Plate 3 

Map A, Plate 3 is a net sand thickness map of the Fruitland 
Formation. 

Map B, Plate 3 is a sand percentage map of the Fruitland. 

These maps were constructed to locate the major channel systems in 
the Fruitland Formation study area. The areas on these maps of greatest 
net sand thickness and sand percentage should represent areas of major 
stream develoment and channel overlapping. 

Map C , P 1 ate 3 i s the map used to de term i n e the co a 1 resource 
estimate of the study area. It is modified from the net coal thickness 
map (Map B, Plate 2). Areas of average coal thickness are screened and 
shaded to show how the map is broken down for planimetering. The total 
planimetered area is 276.48 square miles. In this area, a reserve of 1.97 
X 1010 short tons (bituminous) is· estimated (see map key for further 
explanation). 

Map Interpretations 

Several conclusions can be drawn from these maps: 

1. The isopach shows the Fruitland Formation is thickest 
in the western part of the study area or west and 
south of the migrating regressive strand line (the gray 
area on the structure map). The net coal thickness 
map shows that the greatest amount of coal also 
occurs landwards (southwestwards) of this strand line. 
Stable continental deposition continued in these areas 
for relatively long periods of time, resulting in the 
formation of a thick Fruitland Formation containing 
thick coal bodies. Planimetering the total coal 
thickness map of the Fruitland coals (as shown in 
Map C, Plate 3) gives a Fruitland coal resource in 
the study area of 19.7 billion short tons. 

- 18 -



2. The areas of greatest coal percentage are found 
north and east of the strand line. Rapid change in 
sedimentation occurred during the final regression of 
the Cretaceous epicontinental sea. As a result, the 
Fruitland Formation is generally thinner in the 
northeast and coal represents a larger percentage 
of the formation. 

3. No obvious stream patterns are visible on the sand 
percentage or net sand thickness maps. This is 
probably due to the wide spacing of the data points 
and the ambiguous manner of choosing the upper 
Fruitland Formation contact on the top of the 
uppermost co a 1 bed. 

OIL AND GAS PRODUCTION 

Oil was first discovered in the San Juan Basin during 1911 in New 
Mexico. From 1911 to 1951, exploration was sporadic due to unfavorable
market conditions and transportation costs (Barnes, 1951, p. 156). The 
completion of El Paso Natural Gas Company•s 24 in. pipeline to California 
in 1951 (Figure 12) and the recent increase in stimulation of 11 tight 11 

formations has regenerated interest in this region. 

Fields 

The four major oil and gas fields in the study area are: the Barker 
Dome Field, the Alkali Gulch Field, the Red Mesa Field, and the Ignacio 
Blanco Field (Figure 12). They produce oil and gas from Pennsylvanian, 
Jurassic, and Cretaceous rocks. 

Barker Dome Field produces natural gas from the Pennsylvanian Ismay 
and Paradox Formations and a small amount of oil· from the Paradox 
Formation. The Colorado Oil and Gas Commission reports a total production 
of 1,084 barrels of oil and 1,534,271 MCF of gas from this field during 
1979. 

Alkali Gulch Field also produces natural gas from the Pennsylvanian 
Paradox Formation. The 1979 production was 334,387 MCF. 

Red Mesa Field produces oil and natural gas from several Cretaceous 
horizons. The Dakota Formation produces both oil and gas, the Gallup and 
Mancos Formations oil only, and the Mesaverde Group natural gas only. The 
1979 production for this field was 47,603 barrels of oil and 56,310 MCF of 
gas. 

The 1 a r g est f i e 1 d i n the study are a i s the I g n a c i o- B 1 an co F i e 1 d 
(Blanco Mesaverde-Basin Dakota in New Mexico). Production is primarily 
natural gas from the Jurassic Morrison and the Cretaceous Dakota, Lewis, 
G a 11 up , Me s aver de , Pi c t u red C 1 iff s , and F r u i t 1 and Form at i on s . D u a 1 
completions are common and the total field production in Colorado for 1979 
was 25,192,481 MCF of natural gas. 
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Traps 

The Pennsylvanian producing formations are carbonates: limestones, 
dolomites, oolititic limestones, calcarenites, and calcirudites. Traps 
are either anticlinal, stratigraphic, or a combination of both. However, 
it is generally agreed that "stratigraphic variations, from porous 
reservoir beds to nonporous units, are a major factor in the control of 
the gas accumulations" (Picard, 1968, p. 1341). Porosity is either 
intercrystalline, vuggy, intra-oolitic, fracture or some combination of 
these. 

Most Jurassic and Cretaceous reservoirs in the study area are 
lithologically similar sandstones. These sandstones are medium to 
fine-grained, argillaceous, slightly calcareous, and somewhat fractured 
(Silver 1950, p. 117). They often have low permeabilities and porosities. 
Traps are either anticlinal, stratigraphic or a combination of both. 

COAL BED METHANE 

In a 1955 discussion of Ignacio-Blanco Field, Ferebee stated that 
"the Fruitland Formation contains gas in tight, shaley sands, sandy shale, 
and coal beds • " He further noted that t h i s gas was "except i on a 1 1 y dry , 
more than 98 percent methane and contains almost no heavier hydrocarbons" 
and that "some regard it as mostly coal gas." 

Since that time, a number of methods for locating coal bed methane 
have been developed: 1) locating gas occurrences in coal mines, 2) direct 
desorption of coal samples, 3) locating high ranking coal, and 4) 
searching for coal gas shows in petroleum exploratory drill holes. 

Gas in Coal Mines 

Fender and Murray (1978, Plate 1}, mapped gas occurrences in 3 mines 
in the San Juan River coal region. Their map is reproduced in Figure 13. 
However, these gas occurrences cannot be correlated directly with the gas 
content of the coal (see Boreck and Strever, 1980, p. 10). 

U.S. Bureau of Mines>Direct Method 

Coal gas content can be measured directly by the U.S. Bureau of Mines 
direct desorption method. In this method, a sample of coal approximately 
1,000 g in weight is obtained from a conventional core. This sample is 
sealed in a desorption cannister immediately after the core has been 
removed from the core barrel. The gas emitted by the encapsulated coal is 
measured daily by water displacement in a graduated cylinder until 
emission (desorption) ceases (Figure 14). The gas lost from the coal 
between the time it was first penetrated by the core bit and the time it 
was sealed in the cannister is estimated using a "back calculation" 
method. After desorption (1 week to 6 months), the residual gas in the 
coal is measured as the coal is crushed in a sealed ball mill. The 
estimated lost gas, plus the measured desorbed and residual gas, are added 
to give the total in-place gas content (in cc/g or cu ft/ton) of the coal 
bed. [Refer to McCulloch and others, (1975, p. 3) for a more complete 
description of this method]. 
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1 
• Burnwell No.1- Mine Fire 

2 
Burnwell No.2 -Gassy Mine 
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Figure 13. Gassy mines of the San Juan River region. 
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Figure 14. Methane desorption equipment (from Tremain, 1980, p. 35). 
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This desorption procedure has also been attempted on coal cuttings 
and coal sidewall cores. Gas contents of desorbed cuttings and sidewall 
cores seem to be lower than gas contents of conventional core samples of 
the same co a 1 bed. 

Lent (1980, p. 5-7) gives the results of 10 desorption measurements 
in the San Juan River coal region (see Table 1). 

Coal Rank 

Coal rank indicates the degree of metamorphism a coal has undergone. 
There are two standard methods of determining rank--proximate and/or 
ultimate analyses of coal samples and vitrinite reflectance. In proximate 
and ultimate analyses, the chemical constituents of a coal sample (100 g 
or more in weight) are determined in the laboratory using ASTM (American 
Society of Testing Materials) procedures (see 1978 Annual Book of ASTM 
Standards, Part 26, p. 380). In the vitrinite reflectance method, the 
percentage of light reflected by a polished surface of the vitrinite 
maceral (equivalent to a m,ineral) indicates the rank of a coal .(see 
Crelling and Dutcher, 1980, p. 15). A 100 g sample of coal is needed for 
this method also. 

Table 1. Desorption results of coal samples from the San Juan River 
coal region, New Mexico and Colorado. 

------- -----

cu ft methane/ 
Depth to Bed ton3of coal Apparent 

Test No. State Formation Collector bed ( ft) thickness(ft) (em /gm) rank 

1 Colorado Menefee CoGs 295 9.0+ 5.3~ .1n hvA 

2 Colorado Menefee CoGS 310 7.5 10. 2(. 32) hvA 
New 

3 Mexico Fruitland TRW 407 8 44.5(1.5) hvB 
New 

4 Mexico Fruitland TRW 407 8 10.3(0.3} hvB 
New 

5 Mexico Fruitland BuM 1475 11 134.0~4.2) hvA 
New 

6 Mexico Fruitland BuM 1475 11 123.op.8) 
New 

7 Mexico Fruitland BuM 640 7 65.0(2.0) hvC 
New 

8 Mexico Fruitland BuM 733 23 61.0p.9) hvC 
New 

9 Mexico Fruitland BuM 458 5 124.0(3.9) hvC 
New 

10 Mexico Fruitland BuM 580 12 79.0(2.5) hvB 

BuM - u.s. Bureau of Mines 

CoGS - Colorado Geological Survey 

TRW - TRW,Inc. (DOE contractor} 
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Goolsby and others (1979, Plate 2) mapped coal analyses data for 
numerous Fruitland coal samples in and around the study area (Figure 9). 
The three samples in the study area are medium volatile in rank. It has 
been shown that gas generation increases as rank increases. In addition, 
the greatest amount of gas is generated when a coal is medium to low 
volatile in rank (see Figure 10). 

Gas Shows in Coal Beds 

Once the boundaries of a high coal bed methane potential area are 
ascertained by checking coal thickness, rank, depth, desorption data, 
etc., gas shows found in coals in petroleum exploratory drill holes can 
substantiate the presence of a resource. After the coals were located in 
the 231 drill holes of the mapped area, the authors searched Petroleum 
Information completion cards and Colorado Oil and Gas Commission well file 
data for any indication of gas in the coals or coal zones of these wells. 

1. Two wells had gas kicks in coal beds (Nos. 18 
and 32). These wells are represented by a (~) 
on Map A, Plate 1. 

2~ The five wells marked with a ( • ) on this map were 
drill stem tested in coal-sandstone zones. Well number 
80 produced an estimated 1 million cubic ft of gas in 
35 minutes from a 111ft zone containing 33ft of coal. 

3. The five wells marked with a ( • ) were perforated in 
both sandstones and coals and were production tested 
in these zones. Well No. 109 had an initial 
production of 1,585 MCFGPD from a 130 ft zone containing 
54ft of coal. 

4. The 8 welli marked by a ( *) on the map, were found 
to be producing from Fruitland or Mesaverde sandstones 
interbedded with coal. 

Drilling report data, drill stem test data, and production test data 
from coal beds or mixed sandstone and coal zones are listed in Appendix B. 

Methane Resource Estimates 

As mentioned in the Coal Section of this text, planimetering the net 
coal thickness map (as seen in Map C, Plate 3) gives a Fruitland coal 
resource in the study area of 19.7 billion short tons. Since the authors 
had no deep desorption data for the study area, they used gas content data 
for correlative coals from the Raton Mesa region of Colorado. This 
correlation is based on the following similarities of the two regions: 
coal rank, overburden depth, stratigraphic positions, and localized 
upgrading due to intrusives. Using gas contents obtained in the Raton 
region (see Tremain, 1980, p. 34) the following range of methane resource 
estimates were obtained: 
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Examele 1. Assuming all coal is hvB and has a gas content of 72 

X 10 10 
cu ft/ton--

1012 1. 97 tons X 72 cu ft/ton = 1. 4 X cu ft methane 

Examele 2. Assuming all coal is mv and has a gas content of 

X 1010 
514 cu ft/ton--

1.0 X 1013 1. 97 tons X 514 cu ft/ton = cu ft methane 

The lack of deep sample analysis and sample desorption prevents the 
authors from concluding that the study area contains coals of a specific 
rank and a specific gas content. Therefore the authors estimate a range 
of 1.4 trillion cubic feet to 10.0 trillion cubic feet of coal gas could 
be present in the study area. 

CONCLUSIONS 

The data indicates that gas is present in the coals of the study 
area. This gas has been produced from sandstones adjacent to the coals 
and possibly from the coals themselves. Therefore, it might pay to test 
the Fruitland coals encountered while drilling for deeper targets. With 
the right economic factors and development of completion techniques for 
coal bed methane, this gas resource may prove to be important. Data 
gained from vitrinite reflectance of cuttings, desorption of cuttings, and 
desorption of conventional cores will continue to support the existing 
evidence that coal bed gas is being generated and trapped in the deeper 
portions of the San Juan Basin. 

- 25 -



References Cited 

American Society for Testing and Materials, 1978, Classification of 
coals by rank: Part 26, D 388-77, p. 220-223. 

Barnes, F. C., 1951, History of development and production of oil 
and gas in the San Juan Basin, in Guidebook of the South and 
West sides of the San Juan Basin: New Mexico and Arizona: New 
Mexico Geological Society, Second Field Conference, p. 155-160. 

Barnes, F. C., and Hemenway, G., 1950, Generalized geologic column 
of the San Juan Basin, in Guidebook of the San Juan Basin, New 
Mexico and Colorado: New Mexico Geological Society, First Field 
Conference, p. 97. 

Boreck, D. L., and Murray, D. K., 1979, Colorado coal reserves depletion 
data and coal mine summaries: Colorado Geological Survey 
Open-File Report 79-1, 65 p. 

Boreck, D. L., and Strever, M. T., 1980, Conservation of methane from 
Colorado's mined/minable coal beds- A feasibility study: 
Colorado Geological Survey Open-File Report 80-5, 95 p. 

Crelling, J. C., and Dutcher, R. R., 1980, Principles and applications 
of coal petrology: Society of Economic Paleontologists and 
Mineralogists, SEPM Short Course Notes No. 8, 127 p. 

Dolly, E. D., and Meissner, F. F., 1977, Geology and gas exploration 
· potential, Upper Cretaceous and Lower Tertiary strata, northern 

Raton Basin, Colorado, in Exploration frontiers of the Central 
and Southern Rockies: ROcky Mountain Association of Geologists, 
p. 247-270. 

Fassett, J. E., 1977, Geology of the Point Lookout, Cliff House, and 
Picture Cliffs Sandstone of the San Juan Basin, New Mexico and 
Colorado, in Guidebook to the San Juan Basin III: New Mexico 
Geological-society, 28th Field Conference, p.193-197. 

Fassett, J. E., and Hinds, J. S., 1971, Geology and fuel resources of 
the Fruitland formation and Kirtland shale of the San Juan Basin, 
New Mexico and Colorado: U.S. Geological Survey Professional 
Paper 676, 76 p. 

Fender, H. B., and Murray, D. K., 1978, Data accumulation on the 
methane potential of the coal beds of Colorado: Colorado 
Geological Survey Open-File Report 78-2, 25 p. 

Ferebee, D. M., 1955, Ignacio gas field, La Plata County, Colorado: 
American Association of Petroleum Geologists, Rocky Mountain 
Section, Geological Records, p. 173-184. 

Goolsby, S.M., Reade, N. B.S., and Murray, D. K., 1979, Evaluation 
of coking coals in Colorado: Colorado Geological Survey Resource 
Series 7, 72 p. 

- 26 -



Kelly, V. C., 1951, Tectonics of the San Juan Basin, in Guidebook of 
the south and west sides of the San Juan Basin, New Mexico and 
Arizona: New Mexico Geological Society, 2nd Field Conference, 
p. 124-131. 

Kowal ski, J., and Fertl, W. H., 1976, Application of geophysical well 
logging to coal mining operation: Dresser Technical Memorandum, 
v. 7, no. 8, 11 p. 

Lamb, G. M., 1973, The lower Mancos Shale in the northern San Juan 
Basin, in Cretaceous and Tertiary rocks of the Southern Colorado 
Plateau-,-A Memoir: Four Corners Geological Society, p. 72-77. 

Landis, E. R., 1959, Coal resources of Colorado: U.S. Geological 
Survey Bulletin 1072-C, p. 131-132. 

Lent, J., 1980, San Juan Basin Report -A study of Upper Cretaceous 
geology, coal, and coal bed methane resources of the San Juan 
Basin, in Colorado and New Mexico: Prepared by TRW Energy 
Systems, Planning Division for the U.S. Dept. of Energy under 
contract number DE-AC21-78MC08089. 

McCulloch, C. M., Levine, J. R., Kissel, F. N., and Deul, M., 1975, 
Measuring the methane content of bituminous coal beds: U.S. 
Bureau of Mines Report of Investigations, RI 8043, 22 p. 

Molenaar, C. M., 1977, Stratigraphy and depositional history of Upper 
Cretaceous rocks of the San Juan Basin area, New Mexico and 
Colorado, with a note on economic resources, in Guidebook to the 
San Juan Basin III: New Mexico Geological SoCTety, 28th Field 
Conference, p. 159-166. 

Newman, K., and McCord, J., 1980, Detailed Site Investigation
Northern San Juan Basin: Prepared by TRW Energy Systems, Planning 
Division for the U.S. Dept. of Energy under contract number 
DE-AC21-78MC08089. 

Peterson, J. A., and others, 1949, Sedimentary history and economic 
geology of the San Juan Basin: Bulletin of the American 
Association of Petroleum Geologists, v. 49, no. 11, p. 2076-2119. 

Picard, M. Dane, 1968, Outline of occurrences of Pennsylvanian gas in 
Four Corners Region, in Natural Gases of North America: American 
Association of Petroleum Geologists, Memoir 9, v. 2, p. 1327-1356. 

Sears, J.D., Hunt, C. B., and.Hendricks, T. A., 1941, Transgressive 
and regressive Cretaceous deposits in southern San Juan Basin, 
New Mexico, in Shorter contributions to general geology, 1938-40: 
U.S. Geological Survey Professional Paper 193-F, p. 101-121. 

Shomaker, J. W., and Holt, R. D., 1973, Coal resources of Southern Ute 
and Ute Mountain Ute Indian Reservations, Colorado and New Mexico: 

- 27 -



New Mexico Bureau of Mines and Mineral Resources, Circular 134, 2 
22 p. 

Silver, C., 1950, The occurrence of gas in the Cretaceous rocks of the 
San Juan Basin, New Mexico and Colorado, in Guidebook of the 
San Juan Basin, New Mexico and Colorado: -wew Mexico Geological 
Society, 1st Field Conference, p. 109-123. 

Wilson, W. L., and Livingston, A. L., 1980, Stratigraphy and coal 
resources of Dakota Sandstone in Sage Plain, Southwestern Colorado 
and Southeast Utah, in Proceedings of the Fourth Symposium on the 
Geology of Rocky Mountain Coal: Colorado Geological Survey 
Resource Series 10, p. 69-72. 

Woodward, L.A., and Callender, J. F., 1977, Tectonic framework of the 
San Juan Basin, in Guidebook to the San Juan Basin III: New 
Mexico Geologica~Society, 28th Field Conference. 

- 28 -



MI'LNUIX A, INUIVIUUAl CUAL UlU UAIA tU~ fill IWUIILANlJ fUWMAIIUN 
fROM LlOPIIISICAl LUL ANAli~.IS 

ue o ~hy s i L" I No. Pdr tangs 

Mo~ tirou nLI Loy Lodl lied Hoot floor Cod l Ued and 

Nu1uLt!r 1Jr1ll llolc IJer•lliiLulJun flev•t1un!fll Uo tum! ttl !!.£l!!.!!li!l litholu~~ litholo~t Thickness(tt) Thickness(ft) 

AmerlL.JIL l'elrol~um- Artjeul..J lee Ill b4td 64/U JUll sh sh 4!l 
( ::,~l. J I. 3~11. 1<. L~. ) 29LS ss sh 3 

?9JL .;i.ll hl! " 
~eltll & 1-1uytulj - Ute Luvl. Nu. I b~~l 6~6~ 3139 sh ss 4 
( S e L . 4 [. 3 iII. H. b~ . ) 31U5 sit sh L 

30/4 sh sh 6 
30?4 sh sh 24 ( 1- l) 
2997 ss sh 3 
.lii!!Jl. ill \.$. 4 

l<.~yltJr· UJI (UIJl.- 11 McUorrdltl L 141 bl!JC 27Y2 ;h sh Ill ( 2·4) 
(\eL. I l.JcN. R.L~.) 2L<J ss sit 4 

2~Yl sh sit y 

2~Lf )11 .s.h i 
Klrllbdr~ Uperalany Cu. - Penrose No. 1 6399 Mil 28?1 '" ss 3 
(Sec. H I. Jill. W.b~. 27Y? ss sh n 

?/3U sit sh 10 
27U4 sh sit 15 
2b7J ss sh 5 
z~,a sh ss II ( 1- l) 

I elut & M•Yl•y - lul.dJS No. 1 62/Y L2!lY 2/LI slt sh 3 
(Sn. 9 [.JlN. li.bW.) 2/LO s l t slt 3 

2112 sh sh 18 ( 1-2! 
2blll sh Sh 21 (1-3 
2b~{ ss sh { 

(, I eltJl & Muyluy - ~o.Jlluu Hu. 1 L24u Vii;)/ 2U?O sh sh 6 
( OCL. 10 T.32N. I<.I,W.) 2!106 sh sh 12 (2-l) 

2794 sll sh I! 
N 2112 sh sll I! (1-2) 
1.0 21CU ss sh 3 

AmefiC.JIL 11elru. lueryy lo. lu<.:. - Ari.JL·nld ~ce No. II! 6314 b JtlY 2~4 5 sh sh 4L (1-1) 
( ~l'l. II I . J itL II . I,W . ) ~922 sh sit 3 

21119 Sli sh 3 
tl I elul & M•yldy - lud11111 Nu. I bl~3.b bl6/ {1!4 ~ sh ss 3 

( ''"l. 12 I. 32N. ~.LW. /192 sh sh 41 
2L4U ss sit 5 

fclt.ll & M.Jyt.J~ - !Jcr1110 No. 1 6135 bl4tl {b~4 sh ss 7 
'~t'l . 1 J I . 3 c N. IL LW . ) 264/ ss sh j 

2612 sIt sh 6 
2SU~ sll sh 4 
2569 sll sh II 

Ill I L' I d t l!. M.•yluy - lu,., Uu. 1 61/U Ll1!2 26% sh ss 10 
( ,,., . 14 I Jell. H. I,W.) ibLl sh sh 20 

2L2U sit slt 25 (1-2) 
260) sh ss 3 

II I 1·\dl & M.~yLJCJ Mtl\cl!ll Nu. 1 Ll4~ Llu<' 2L lJ sh sh 4 ( ,el. I" I. J/11. II.LW.) 25~4 ss sh 6 
2~31 sh slt 12 
2524 ss sh 2 

II I cldl & t1d)'LJ~ - l~p111u~a No. 1 631) LJ<'U 21!02 sIt sh { 

( ,,.,. lL 1.3:!N. H.c~.) 271!0 ss sh 10 (1-2) 
2700 sh sh 20 ( 1-2) 
lb9l sh sh 2 
26b5 slt sh 3 

I I IJ. M. ~t:ll'll!L'- lupeL Nu. 1 644 3 L455 291!0 s l t sh 12 
( jL'l.. Ill l. JilL H.CW.) lY44 sh sh 6 

21!92 ss sh 3 
lULl s l t sIt 13 

14 I I P.J~tJ Ndlttr.Jl L.J~ Lu. -AIIi>uuNo. JU b]]J 6343 21!30 >h slt 24 (2 -L) 
( ~t·L. Ill f. J 2W . W. L~. ) 2/JU ss Sli J 

2744 sh sIt 14 
2122 sit slt 3 

I" Lt·dJI t'l & f~o..l l lllt.:W':. l'iu. I "U" UOIIL' 1 L2UU 214;> sh sh 2 
( ', ,. • . 14 I . J .' N . H . LW . ) 2106 sh sh u 

2bU4 sh sh J 
{LL4 slt sh JU 
2Lbll sh slt 4 
2bU sh s l t 3 
26lU sh '" 
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UeuJJhysicdl Nu. IJd I l i lllj~ 
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fiUII!Ll·l u, 1 II llu I c Ill~ Ill 1 !___!_!:all Ull llcvallUn(tt) UdlUIII( It! llel'll•i!!J l Bill•I(Jyt lithulu~y ] h l ck IICS' ( f I) lli•c~ue"(fl) 

IL l'uL It 1i. Uu r·L 11wt·~ 1 PIJ!l'lllll!- LolurJJu J ... '-1 11-J 'I b4L/ JIU '" sh 6 
( ~i.·[ • J I. J!IL IL /W.) :wuu 'II sh b 

liJ~~ S5 sh 4 
l%U Sll sll .'U (< -2) 
21li!J sll sh H 
2U<:I s II sh I 
t/14 sIt sh 4 II I' .111 Amt·• ll dll 1-'el ro I. Lur p, - ~uou~ lldS Uu1L ..u .. Ml !diU bJIJ2 JUU J s II sh I~ 

( ~l'l • '• I. J<:tl. K. IIJ.) 2nu sh sh w 
21liJ4 sl sh lU 
2ua " sh I 
21YU sh sh ., 

II. 1\LL..!IIlll H1dll 1~ld Lu. ~uiJlhL"rll Ute L·-i', Nu. J2-/ 644b L4~Y J201 sh sll 3 
( ~l'L. (o I. J.'IL H. /W.) 31 Yo.~ sh sh 3. ~ 

JUIJY ,,, ss 4 
JO!!l slo sh b 
30UL sli sit n ( 4 -4) 
2%J sh sll 12 ( 1-2) 
(IJtJ.! sIt sll 2.~ 
2YJL " sh IU 
21JY4 ;It slt 5 (I -U.,) IY AtloJIIliL l<alldield lu. ~uutllc111 Ute l-2. Ji-l b9U/ b9£U JilL >II sh 4 

( ~l'(. I r. JiN. IL IW.) )bUb sl. ss 12 (I-I) 
J!.dl sh S)l l3 
J~n 'II sh y 
3~U9 ss sit 9 ( 1- j) 
34b j ;II sh 15 (I- 3) w ~0 AmuLo P,uduLlluu Lu. ~IIUtd" ~ LJ ~ Uu i l .. A .. #lA 64!14 6497 :JCIJ~ 'It: sh 9 (l-1) 0 I )o·c. I 1. JCN. K. /W. ) 31U2 !";It sh 14 ( 2- j) 
3071J sh sh 41 ( 1-2) 
JU4/ slo slt IU 
2Yu J 'It: sh 2 il IJd II 1\llll'l I(. J/1 l't· l' u. lurp. W1rl lH.I~ Uual .. l" # l bl'YH bJIU t9J~ '" sh " ( ~"'. u 1. JcN. H. /1~. ) l'!!oU -h slt !4 
2HbU -~ sh Ill 
2!!1! :.s sh 9 
27~1 :.011 55 ~ n John'..ltlll & ~ht:o~r 1-11 N J2- I b/4 3 62~J cYbiJ '•II sh 4 

{ ~e1 • II I. JUl. II. /W.) 2!!4t '..oS sh 4 
21ll'~ >II ss ) 
21!2<: 'II sh 2 
cbl2 'It sh 4 
2/YU sh sit ~~ 
2/lll sit sh u n I o~dt.l l't·l , u. Lo. [ 1 t t .. 11/y No. 1-12 6J/J LJ!J/ JOU!J ::,II sh 4 

( ~Cl. 12 I. J<:N. II. /W.) 2ULI, sit sh 25 
tuu< ss sh I~ 
271<: sh sh 9 
'tlt'.J ss sh & 

.'•1 1\bt·l & U..JIILrOll ~uut Ill' III Ul~ j!; L/IJ b/21 JJ4L sh sh u 
( ~t·t. I q I . JcN. II. IW. ) )J;>~ sh sh " j{l;~ sh sh n (I- J) 3211 ss sh j 

Jl ~~ sh 5 l t 6 
( ~J fiiJt·l &lidmrutl juullll'l 11 IJlt• M4 btbt 62/4 JUqlJ sIt Sli 4 

('Jt'[ I~ I. JilL II. /W.) 21lLil Sll sh t 
2U~U slt sh I J 
2Hlb ss sh , 
27lll sIt sh <'4 
2lo, sh sh u -, sll sh 3 {L Aloe I X u .. lit I"U I L ~ullll11·1n IHt' IL 6cou Li/4 JUH s lt sh 4 

( ~l'l' IL L J/11. IL /H.) 29J4 sIt sh 4 
291U sh ss 2 
21.!71 sit sll 29 
~u~~ sh sh ~ 
tUUL sll sh H 
C/L( >II sh 4 
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L1·r· 1 I•YSlCdl Nu. 1--'u I l IIHJS 

f·lut 
L1 .. ,,,.,, luy Luo I Uo:d Hoot f I our lu .. d Ued JIH.l 

~~~ !::.!_!!~~:~~~~~~ ~.<!.U"•~l!.!.l 0Jl11111( f.!l__ ll"pth( It) lllholo~l litholo~l lhickness(ft) lhickness(ttj 

n A I I.J Ill ll H 1 dd It· Ill ( u. '..uttl ilcfll Ull' I b · J, JL -I Lb~U bUb) JbU/ s IL sll 14 
( ~"' . IU I. JilL u. 1~1 . ) J4YI s IL sIt 3 I 

J4 34 
. 

sh sit 12 
nu sh ss L 

(!; ALI.Jid ll Hltld it·ld (u. ~~n•lhcru IJlc I II· 4, Jl-1 h4bb L4/Y J301 '" ss 2 
( ..... l. II I. JilL 11./11.) 32Y4 sh sh l 

J2UJ sll sit 2 
Jlb4 sit sIt 4 
JlUO sit sIt L9 
3U/U '" sit 10 (I -2) 
JUJIJ sit sh )6 
29U~ sh sh 2 

,''/ f-lu I lfl I~. Ull I n•~l <.. - u IIJL ~ 1' 11-1 ~ oolb LLt~ nn sit sh 4 I,,., . I~ I. J/N. ll. /W.) Ji4o sh sh L9 
Jl Jl sh sh 24 (I -4) 
JU41 " sh 4 

Jll J\l•t· I & u ... ucrull Juulhcnl Ult:' #U L/)1 • ~ L/44 J5/U sh sIt b (,,.,. L I I. J:'N. ll./W.) J5&J sh sh 3 
J';;ll sll sh J 
Boll sh sh JO 
Jl55 sh sh 4U 
JI/J " sh J 

Jl All £Jut I( UtdL111·IU lu. - ~uul11l'ru Ull' 1-J' j(. u IJL~ /IUL HU~ slt slt II 
('.o:<.. I I. J2N. ll. HW.) JllOU ss sh 14 

Jl5b ss slt 12 
37Jl sit slt u 

w 36/ll ss ss I (I 
,_.. 3&4~ sh s 1 t 3 

3627 ss sh 11 
J574 sh ss 3 

Ji 1\ti.JIIlll I< ll hI It· lt.J t u. ~~~uthern IJtt• I· 4, JL-U Lbll9 L/UL HJI slt sh (, 

('wt.. I I. Jt'N. II. UW. ) B2b sh ss II ( 1-2) 
3261 sh sh IIJ (I- 3) 
J241 sh sh L 
J2UU sh sh ) 

Jl94 ss sh J 
JIUU ss sh 10 (I-I) 
3135 sh sit 2 

JJ /\II .Jill II Htdd l•·hl Lu. '.JtHlllll.'rn Ute i-4, Ji·tl )lb5 /1/tl 391Y >It sh J 
( \ct . I I. 1~11. IL UW.) JltiY sh sh L 

J)49 ss slt 17 (l-J) 
JIJ(' sh sIt l (1-2) 
JLUb sh '" 4 
3ou9 ss ss !I (1-l) 
3&~7 ss sit l 
JuW slt sh y 

J4 fillu11llt I< I dd It' I d t u. ~uulltertt Ult' (-J, J.'-U bYYU /UUJ Jib~ sIt sh I 
(·, .. ,. ,' I. J!/1. 1<. iJW. ) JbL4 Sh '" 14 ( 1-ij 

J&<o sh sh 2 
JoOU sIt sh It 
Jb2U sIt sh y 
J~UH s ll sh ] 

349~ ~5 sh IU 
342ll '" sh 2 
JJ~U sIt slt 

J', I'd l I I II NtJr I h~ll.' :.l I' 1 Jll' I 1 IH' luqJ. Nl.'Sd Ji-o, No. 2-4 liOY IL I Y JUJU sh sh L 
( ~t·( • 4 I. J~N. ll.IIW.) JIIO sh sit 14 

311 J sh sh 4 
J /U I sh sh 9 
JLU sh Slt I 
35 Ji ss sh 2 

Jl, I'<~L It It thJ l"liiW I'~. I I' i!•t·l Jut: Ull p. ,.,l.' ':> d ~ / - tl • I~ u. 1-b UuU /2UO JhbY sh sh 3 
(',.,. [, I . J/N. II . 1:~~ . ) Jllbl 5 l t sh 4 

JUJU sh sIt 8 
JUlb sh sh 10 
Jul u sIt sh ) 
J/50 sh sh y ( 1-2) 
J/40 sh sh 6 (I-I) 
J/UO s l t sh b 



Apj.Jtlltll X A ( (. Ulll llliH:tl) 

Mup No. l'•ll"llll~~ 
Lr·ou11U l uy Luol Ue<l Hoot t lour luul Ued dfltl Uumbcr ~!._ llule ld~ulillcallull Elevation( ft) Oa tu111(!!.1_ Uepth( ttl l ilhoiO•!Y !J~ Thickness( It) !hitkness(ft) 

jj 1\rtu U1l & Ld~ lu. ~ ~uulill'nl Ult-• lJ~t. Ji-ti lJYOi lJYl3 j~~ j sh sh {4 ( l -l) 
( )el. II T.J<N. H.tiW.) l4YU sh sh l L 

J4~U sh sh 1 L ( {- 4) 
34U s II ss " 3J30 ss sh 4 

Jb Ali.JIILIL i<ILhtleld Co. ~oulll~rn Ute 12~J, J2-!l /Ill IIi'~ 3ti9J s ll ;II I~ (I-ll 
(~t:(.. li' f.lcN. !(.UW.) JlliO sIt sh 15 (2-2 

3/b{ sIt sh 13 
JIUU sit sh {5 ({-!>) 
JbUi' sh sh 4 
JLbL sh slt 18 (I-,) 
]LUll " sh 2 

JY Allaulll HHI1t aelU lu. 'JuuU1en1 Ute 1~~4. J~~b 6YUY · LYn lli'L ss sh 4 
()H. 12 T.JiN. !LtiW.) JLlc slt sh IL (l-1) 

JLUIJ sh sh 2 
J5b!l sll sh tl 
3~44 ss slt 19 (I-I) 
3!>U2 ss sh n 
345J ss sh 3 
]4{1 " " 2 

ql) 1\rt-u 011 & lidS lu. - ~uuthern Ute JJ-J, JI-ll 6YOO bY II 3/ii ss sh { 

( )eL. 13 1.32N. U.UW.) lbiU sit sh u 
3b94 ss sIt 3 
]!>59 Sll sh II 
34 9Y ss slt JL ({-/) 
34 74 sh slt II 

w l<lUU sh sIt 2 
f) 41 AI !uulic Wllhflel<l lu. - )uulhu-11 Ute 14-{, Jc-1! 6U4 3 bll5b 3100 sll sit 3 

( ,,.,. 14 T.llN. H./J\.1.) 3!>14 sIt sh I 
3!lb3 s ll ss 4 
3547 s ll slt 10 
3!>10 sll slt L 
3441! sh sh JU ( j -I) 

4{ A l I dIll I(_ u I(_ h t ll' I d ( u. )uulhern Ute IL-l, le-U 6Y4!> L9b9 315ll sh ss { 
(Jet-. I L f . J .' N. IL llW . ) 31!>1 sh sh 4 

36111 slt sh b 
JLUJ sIt sh 6 
J!.JlH Sf I sh 2 
J!lbJ slt sh I 7 
3~ II sh sh j 
J5UL sh sh b 
34L~ sll sh 33 (J-b) 
HLO " sll l 
34 50 sh sh { 

4 J MurLlii~UJI U1u::.. - Ill uck J flu. b-W /lbll IIUJ 4004 sh ss 3 
( ;,.,. lU I.J;'IL IL/J\.1.) 392b 'll sh 9 

)tlJL sIt sh II ( 1-{j 
3U2/ ~~~ slt 4 
37~1 sit sh )] (I-C) 
]/lll ~~~ sh j 
J/]8 sh sh y 
3/UI sh ss 6 (I-I) 
]694 ss sh 2 
36 IY >It ss 6 

44 t·1t•IL I tJ LUI IJ. - u' (H.~ J, ~~-IYX bH73 61JH~ 3L4 j s I L slt 10 
( JL·t . I'J l. Jill. !LIJW.) J!JJI sIt, sit 10 

35~1 " sh II 
]5U5 'll ss I~ (I- J) 
34Ub s ll sh 14 
34{5 sIt sIt 9 
'leO~ s ll sh 4 
JUU!J ;II sh , 

4~ Ali.llllll HILillll'lc..l Cu. Ju1Jlllcrn Ute 2f!~t. Jl-ll blll4 b/YIJ )b 71 sh ss 14 ! 1-2! ( )t·L. ~~ f. J~'fL H .IJW.) J64U sIt sit 5 1-1 
3ld2 sit slt 2 
Jbuc sh sh j 

J4Ui sll sh 14 
346U Sl1 sit b 
34 j~ sh sh lU 
J:!YJ ss ss 32 ( {-,) 
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{'•i'l. I I. J.'ll. 1<. ~w. ) JIJ~ .... ; II 'll 
J'JIJL " '.II I (1-1.) 

J/1'1 ~~ 'IL J/ (I- L) 

JL~lJ ~:.. >lo l 
JLe J 5 ll '•, z 
JL!.J~ :..h ,., lU (I- J) 

•1/ J\ I l.trd It U H ld Jt·IJ tu. ' .. o~Hil ht._·r n Ult· 1-£', J/-IJ IIJJ U•IL J'JI) I ,,, >h J 
('.t·t. I I. J:ll. I<.'JII.) JY~l " >II <I ('- J) 
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j /(', >h sh J 
J /U, 5> sit 14 ( J -4. :. ) 
JL/L.~ slo slo ), ~ 

JIJ/U s IL ,., 
" (I-I) 

JL~I• sit sh :t 
H.t4t• sll s ll L 
JLiL 511 sll {. b 

"': 1\lluulll i(ttldlt'lt.J lu. ~"'"' lwr 11 Ult· i:'-1. JZ-'1 //{(1 IZJJ.o JLhl s ll sll 
(~I' I • z I. J."IL 1<. YW. ) JQI.i(\ sIt 'll 

J/YJ s II s ll 
Jllti ~It s II "" (4- IU) 
Jill/ , .. sh J 
Jo/c 55 sh n (J-1 l 

C.J JLJ!J sll slo I (1-2 
0J JIJU I " s ll 4 

j~~~ s ll sto 
J~b~ s ll sll 

4 'J [,,.I l y Ill I lu. ~Jill IIIII lIt j(J IJ~/J GUt;> J!J4~ s ll sit 
('.t·(. I I. J<"ll. I<. 'Ill. ) 34 q l ss sll 

JJY~ sll sh 
JJL/ s ll s ll 
JJ/4 Sll s ll 
jj(~ ,,ll slo II 
Jib/ :.h sh 
JilL sit slo 
JILl $It sit 

'....IJ ',f,·ll; 1111 l u. - ~.dIll I~!J I I )I N 1) loLUb ooiY J~l~ st. ss 
l'o~·o. q I. J!IL 1<. 'Jtl. ) JU~~ Sit , .. Jt, ( J- G) 

JUIG ~I. sIt IU 
JUU , .. :..t. II 
zn.1 S5 slo IU ( l - .') 
i~Jt: '" , .. G (Z- j) 

!Ud. , It >ll 4 
~I l~utth!~tllt 1\ru~- - U f IH ~ b, Wl'i I 'J- ~. (1/lo·) LIJJL IJL4 I j;.:" Jq ~~ ~h 

( \o·c. ~ I. Jttl. II . 'J~I . ) JZ L 55 sll 
31 G'J. > ;II sll 
J I ~~J sll slo u 
Jl4 I s II s ll 4 
JlJH ;It sll u 
JJi~ ss sIt II 
JUt~ ss sh IU ( 1- I. o) 
2'JLI ; IL sh 4 

1111 ' ' II I ~ I j ll lit II ~- . - u I II( ~ tJ. ~Jc I I N'J L (Ute) u4tJI L4Yl {Y/1 s ll sli 41 ( J- 0) 
('.t·t. [, I . J,' II. II. 'JII . ) i'L~h slo sIt L 

i~t ~ sll sll 3 
iLlU.~ ,., sh j 

',j f1iltilti'Jiill I I u ~. l U lut l IJ, ~u. 1-t) G4Go b4'J I J 14 J sh sh 4 
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JU J l sh sh 'IL (.1-1) 
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L~ l t J~U4 >h sh 
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]I/] sh sh 
J I LJ ~~~ sh ~ 

3094 sIt sh ,u (J-J) 
3UUU sli sit 2 
29b1J Sil sh IJ 
~Y4~ sh sh b 
~bJY ss sh 3 

~j ~J Ll'lty U1l Lu. - ~tim U11rt.h Nu. I bblU bL~U JJIL sit sh 3.!;, 
( ~CL. 10 J.)ZN. H.YII.) 3)bJ ss sit 7 

Jllz sh sh 14 (I -I.~) 
31% sh sh 12 
Jl/4 sit sh II 
JIJI sll sh 6 
Jill sIt sh 3 
JUYY sh sh 6 
JULU ss sll b 
JU4 ~ Sh ss 3 

"" Atlautll H1chfield Lu. - ~outhnn Ute 11-~. J2-Y 71l2 I IJ~ JYU3 sh ss 3 
( ~ec. II T. 32N. IL YW. ) 3UYU sh sh 3 (1-1) 

3741 sh sh 4 
]133 sh sh H 
3101 sit sh n ( j -b) 
3L JY sh sh 2 
3b34 sh sh 3 

(_.j JLUo >h sh 4 

"- :J!J9U sit sh 2 
J!lll, ss sh 4 (l-1) 
3!>64 >It sh 4 

'.,/ A l l .JIll I L j{ I dd I t.: I d L ll • ~uulheru Ult: Jl-1, JL -Y /lib IUY., 3~44 sh ss 4 
( ~t:t:. II I. JilL IL 911.) ]YJ I "" sh 4 

31,2 Sll sh 41 ( J -lU) 
)t..~O sh sh 5 
JL4J >It sh 3 
3631 ss sh 6 (1-l) 
)bUY 5> sit 4 
J~U4 sh sit 2 

IJI.I ~'~••ttlil',ul• Uru~. - u I U( ~ II, No. J-1<' 7201 ill) 3UUU ss sh 2 
( ~Cl. li I. J CIL H . 911 . ) 3/,U sit sh Jb ( 2-") 

31,4 Sll sit 2 
)bUY "" sh 15 ( 1-() 
]b!l4 ss sh 2 

~IJ Allt.JIIl H. liidd 1cld Lu. ~oulllt.:l"ll Ute 1J-J., JC-9 IlL, 7111 JIJLL sIt sit 3 
(:.Oc-t.. IJ I.J.'/L ILYIL) 1n1 sIt Sl1 ., 

lUYJ .. sh 6 (I-I) 
JIYU sit sh II (1-l) 
3/!lo sh sIt )~ (]-I) 
Jblll sh sh 4 
Jhl/ '" sh 3 
JL43 ss sh h ( 1-() 
JL l !J sit sh , 

tdl At L II IJ I I & LJ~ tu. )uu l Ill' I u lit t: 1 tl-1. J2- ~ L!>ll tJ~d4 J2~2 sh sh ~ 
{ •,,.L. I, T.I.'N. H.~W.) J:>4< sit sh 4 

30UU sit sh ~( 
2~~j sil sh ]I) {t-J) 
:>no sh sh 3 
lYUJ sit Sll 9 
<'UHL sh s ll J 

Ll M•••tl•1~011 l•us.l~ - Ulud U, No. 1-1 L bbJJ Lb4 ~ "Jt'ol Sll sh H 
(~··c. I L I. Jill. II. 'JW. ) 3;>]7 sh sh 4 

JU4 sh sh 2 
J 1 u" sh sh L, (o-Il) 
JUI4 >II sh b 
19" S> sh 



}\]Jill lid I~ A ( l.!JIIl I nuv1: J 

Mop L~UjJhySILdl No. t'd rt III'JS 

fiUiuLcr IJ 1 II I II u I c llh: Ill 11 1 l ul 1 o 11 Lround loy Lo" I lle<l Uoul floor Lo•l be~ dlld 

---- ----·- llev"l'<e-"(LLl IJolu111( ft l IJej•l II (f l) l il11olo~t l i lhuln9t _!!Ji~~u!!l !~~~ile5'(!_!1 
Gl M111t.hl~un Uro~. 4-1/ Ute L44J il4~4 j 1 u J ~~~ sll j 

( ~"' . 1/ I. JilL IL ~\J. ) JILL sll slt " Jlbil s ll sll 4 
Jlql " sh l 
J(J41 sll sh 43 ( l- j) 
tYtU sIt ss 7 
l9UJ sll sh ] 

t'HIY ss ss b 
2HbU ~ ll sh { 

2UU3 ss sll ] 
\d Ar l u 1J II t l .. c~ ~ Lu. ~OIJlliL"III Ule lU-L, Jl-9 b':JC/ LbJU Jl4L s ll sh 5 

( jl'l . IU I . JtN. IL ~W. ) 310/ 511 ~~~ 4L (£-l) 
3U4 Y siJ sh u 
t'99U sh sll 
t'YM ell sh 
itlYU s~ sh 3 
ltlbl sll s l t { 

(,4 1\, lo Ual & Ld~ Lo. ~uulht.:ru Ule /l-1, JL-IJ b69U i>/U1 )4{4 sh sh 4 
( jL'l .• i'.! l. J:!N. R. 9W.) 3412 sh sh 7 

]{~U s l t sll 4~ (1-1) 
3lbb sll sh ] 
3lt.1 ,I, sh 3 
31Jb sll sll 2 
Jl1 ~ sh sh ) 
JUUU s ll sh 9 

tJ ~) Art.o 0 II ~ Lc~~ lu. ~uultiP!"II Ulc LJ-1, Jt-~ b91J i1Yt'4 JbU4 s l t sh 3 
( ~t.:l. { J r. J<N. j(. 9\1.) ]bill sh sh j 

(>J )liZ/ ~ll slt 7 
(Jl J4UI sll ~ l t 4< ( { -4) 

J4 ~ J sll slt 3 
344/ , l t slt 3 
34n sh sh 4 
341 J 'll sh 7 
JHY ~~~ sh ] 

JJ/j sh ss 4 
336 I 'l t ss 

!,/, I IJIIIjld';.. ~. I)' jd I.JI u L llHI UumLu..J Ho. ,_ 1 bU49 bUb9 LLLU sll ss 
( '.Jl'l • I I. JilL II. I UW. ) 2L~O '" sh 

<'I> JU 'II sh b 
(~Jl sh sh 4b ( j- ~) 
(4 JU " sh 4 
nuo sll s l t IJ (I-I) 
f)IJ ss sh 2 

(,/ I .Jt.Jd l'l' I r·u ll'lllll - ll1n lh l u ... l.Jnyuu No. c-L ldUU bH<' 30)1 sIt sh 3 
( ~J·L • { I. J~N. H. IUW.) JU 1e sh sh ~ 

<Yet. s l t sit I 
<e~y ,,, Sh 49 (1-1) 
<e21J ss sh I 
<'IIJ sh Sl1 { 

2/td sh Sl1 3 
fl<'b ss sh 3 
<'6tl3 sh sh 4 
£'0~4 sh slt 3 
zo 3e sit slt 2 

t,ll luuq•d";..";.. l '-plor·ut IU/1 tlur tl1 lux LJIIYUII Nu. 1- j tJL1/ Lb[U J{ll sh sh 4 
( :.,, ...... j I. J/N. II. lUW.) 320 I sh sh b 

Jl9) sh sh 7 
Jln sh sh 4L (2-1>) 
304/ ss ss 3 
JUI~ sh sh 3 
<'997 ss sh 9 
<950 Sli sh 2 

!o'J Mu 1' /1 1 ~u11 lr ll 'll ~ u IIH ~ "· Nu. l-4 6491 Lt-.01 J{)O sIt sit ~ 
( ~l'l • 4 I. \.'N. II. IIIIL ) )L(j '" slt 3 

312L sh slt J3 (I-<) 
JIUU ,I, sh l 
JUYU sh sh 10 
2%~ ,I, slt J 
Lts~4 " sh ) 



J\j>jll'lld I A f\ (I Uld llltH·d) 
I~ I J • pl.l I l IIIIJ~ l~t· !ljJIIy ~ I ( .I I 

Hdl' (,IUHIItl lfii.J LIJo..ll lkd l<uol ~ I OIJl Lu.JI BPd .JIId 

~ ~~~~~~~_:_ 1 llooll ~~~!~: !l_!•·!~~ ~! ~-~~llt~l~ ~ l_!_v.;_!._~l>ll (l_tj ~l!LL ~1 LL~~~~'ll !_!_~~~ ~ ~~ l_!o·~~ll''"i 1!1 fto_o~~II""J!~J 

/II \ OUijld ', \ I "t•ltJI oil I till lnt ll\-1 ltu I dii)'IJII fill. 1-~ I Jill I Jill JI.IJ J ~:.. '" ( ~d. I • '• I. 1,'fl. 1<.11111.) J I "'I ~~~ >II (,If ( J -L) 

JL JU " 
~~~ L!.J ( L- 1,) 

j'JIJIJ >II sll L 

Jill; I 'll >lo 

..)11/J 'll 5lt 
/I 111111 ltl',lll! lit~', I tiltH ~ "' I~ u • l-'1 L!J~~ l1~d 1J Jl ~~ 'II sIt 

( ~ •• ' l . ., I. Jtll. 1<.11"1.) Jl411 ~ I• 511 

Jl j{ >II 5h 

JUt.dl slo sh ~~ 

IIJ I!: Sll slo 

/'JIJi. ,r. Sll 

,'1.1;/ sl1 5h 
L'Lt1L ,, sh 

/,' Htt I ( ltl',t!ll lnJ-:.1 - U I ult. I, IU1. ~-Y l>4% ~~~Ub J I q J ':.it >h 
('o~•t. ~ I. Jil'l. 11.11111.) JIJJ sh 511 (, 

,uJ I " 
sh tJ( (2- J) 

t~l< ,, sh " (j,IJ(J 'll >lo J 
(l',q II " 

, .. 7 
/J l'olt I Ill flt,tllt'rlt'':.l I' ljH·I 1111 tu. - HW I t'd.JI lloll l>J~4 (Jjj,tJ JIJJI: 'II sh 

Jt- Ill, Ull- Ill ( \t·C. Ill 1. Jill. I!. lUll.) JIJ/~ sh sh 
JU llo '..II slo 
i'JIJ', 511 sh ~~ ( j-") 
U/11 sit sh II 
L i<Y " 5h ) 

I 4 I•,,, tilt N (II I ~~~~I' ... I I' lf•t·l HH' t.ur p. N~l I t·d.a' II oil t1UI 'I tJO..:'t, lid II " sh P. 
tJ 
CJ) J/- 111, ;I L' ( \j·t • II I. J~N. K. IUW.) (_'~'IU >h sh ~·U ( J (;) 

tJIJi. " sh ~ 

/'. 1\1 I dill ll iltlilft,·ILI ·,~ntlla r·n til t I q- I , Ji -Ill t1LL'J t.t, JO JJ I J sh >I I { 

('ot•(. 14. I. Jill. IL liM.) j(' 1:.14 ~~~ sh 4 j,., .. >It 511 q 

J:044 S(l sll J 
..)1(./ 'll sh 4" (1-ti. ") 
JUt•~ 5ll sll IU 
JtL'I sl1 5S J 
IUI!o ~~~ sh l ' • J 

{':J/L " sh < 
('Y JIJ " 

sh 
II. Hot I j It I '_.{Ill lr 11 ~ t ~ ll I 'n ~ /-/- j IJ (! )1>4 "y ('I) u4 I I Jl4< >h sh 

(',l't. I'• I. J/11. IL IIlii. ) J I J I 511 sh 

Jllb 511 51 t y 

JUII•I 511 
, .. IJ..::' 

tYU~ >h sh 
II t-h, n.ilt•.ttn u, P' .. - Ul<>d I HI- llo Lqt)~ L4LII JU/U sh sh 

('o~·(. II• I. JtN. H. IUW.) JU~I::t sit 511 
JlJ('L . 511 sh 
, ~LU sh sl t ~(' 

.:''J;!. l ~It sl t lo 
i~IU ~ ~. sh 4 
iL/1 ~~~ 511 I 
t-'bLb " 5h J 
LU]~ sh 5h 4 
~· /h~ ~~~ Sit " <II: 'It , .. 4 
.!.IJIJ/ ~~~ sIt L 

/,. ,.,,,till 1/tlllllo-J••.t i'IJJt·llru· lt•rjl. - 11~·1 L t~ d" r II oil Nu. 4 -I/ L~tl I l1 ~'-) IJ , ~I J:uu " sh J 
('JI'l. II I. J.'ll. lt.IIJ\1.) J.: ~..:' sit 511 ( 

J I JU sh sh IJ{ ( 1-L) 
Jut;u sh sh 
JIHII sh sh 
JUL{ s I L 511 IU 
JIIJY >h sit {. 

/lJti J sh sh 3 
/'• 1',11 lilt II (II I It ~II' ', l I' IJll·l l11t' t tn p. - r11-J 1 t·ti.Jt II oil 'J-1 y to~4L V•ll'J J< JU sh Sll 12 (I-I) 

('..t·t. /'! I . .,'IL II. I Ill/. ) JilL sit sh 7( ( 3-U) 
JIJ.'Y '..It slo 
Jll.._'.:' 5h 511 
IIIII sl1 sh 



ApjH.:IH.llx A (cunliJ•ucc.J) 
No. fJi;jfllllij~ ~"up loy s iL a I 

Map Ground log LoJI lled ~uol floor Co• I !leu dllt.l 

NumL~r Unll llule lueullloc•Louu Elevation( I l) Oatum( It) Oeptl!l!.U lilholo~y litholuyy lh ick ne" (I l) Tloickroess(ll) 

llO P•Clfoc lturllowest Pot•elone Lu1p. - NW Lellilr llill 3t-JU, U-il:u4bb b4/~ Jloi slo >h b 
(~ec. <'U T. J<'N. IL lUlL) 31~; sli slo 3 

314 7 sh sh 3 
3UUb sh sh 6 
30~7 sIt sh 1<' 
3UJb sll sit I~ 

293L s ll sh Ill 
21!/9 >h sh 4 

HI I'Jcoloc NuJtiJwe>l ~lj•cline- NW Cedar llill 3-20 bb42 11653 ]174 ss sh JU ( 1-2) 
(Sec. <U I.J<'N. R.IOW.) 3094 sit sh 20 

3UIU ss sh 4 
U<' (d rl er U ol Co. - Ule Nu. I L419 64 31 HOI sh sh J 

(Sec.{) 1.32N. ILIOW.) 301!1 sh sh II 
3UU slo sh 46 ( 4 -b) 
lll99 sh sh II 

UJ Juutheru Un1o11 Production Co. - Ute "A" No. 10 bJ~~ L366 21lbU sit 1 21 ! I- 2! (Sec. I I.JcN. R.IIW.) 21113 slo sh 36 2-5 
2L91 ss sh 5 ( 1-2) 
266U sh sh 10 (1-1) 
2L5b sh slt 3 
24UH slt sto 3 

U4 )outhern Uu1u11 lids - Ute No. 3-A 6353 63L J 21!54 sh sh 14 
( ScL. I 1.32N. R.IIW.) 2713 sh ss 3!! (2-4) 

2L77 sh sh 3 
2Lb0 55 sh 3 

H5 (UIIIjJd~S txiJIUrJlluJI- )outl• Ute No. l-2 6303 bJI4 21!46 slt sh 7 
(Sec. 2 T. 32N. R.IIW.) 2797 5 ll sh II 

(.,.) 
27HO sIt slt ' -....J 
2b&2 ss sh J6 ( 2-4) 

Ub )uuthefll Uuaou Gas Co. Ute Nu. 1-C 6240 62;1 U7U sh sh 6 
{Sec. 10 l.32N. R.IIW.) 2114 sh sh 32 ( 1- j) 

2LII sit sh 2 
26JU slo sh 42 ( 3-4) 
241l0 sh sh 4 

U/ lu111pu~~ tJq.dordl ion Co. - ~oull1err1 Ute No. 1-10 b249 b263 27~7 ss Sh 2 
( '>cL. IU I.J21L R.IIW.) 2HU sh sh 5 

2711! sh sh 20 
2713 sh sll 2 
2blJ sh sll 40 ( 2- j) 
2582 55 sh 2 
24~7 55 sh 3 

IJU ~OLJlt11:ru Ur~1un Las Co. - lv1e No. 2 6JUb oJio 2UU4 sll sh I J 
(Sec. II I. 32N. IL IIW.) 2197 5 l t sh 3 

l/23 sh slo 40 (I. J) 
2705 sh slo 2 
2bbl sh sh 7 
2596 sh sh 4 

u~ )uultterll Uu1uu PJ·oJuCLJun lo. - Ute U ~o. 2 6312 L32J 2794 ss sh <O (I- J! (~ec. II I. 32N. H. II II.) 2761l sh sh 41 (1- 3 
2690 sll sh 4 
2635 ss sll 2 
2~73 sll sh 2 
25b6 sh sh 2 
2400 sit sh 2 

~u Juullll'rn Uo1uu LdS Co. - lvle No. I L4bb b47/ lULl sh sh 2 
(Sec. 12 1. JelL H.IIW.) 2960 sh Sh t.O ( 1-4) 

2Y,] sh sh 2 
2902 sit sh ll 

Yl Juullll'•u UJIJuu Ld~ to. . u L e /-A 6525 65]~ 3026 sh slo ou (l-,) 
( ~t;L • I J I. J/N. R. 1111. ) 3016 sh sit 4 

29&8 sit sh II 
2~43 ss sh j 
2~01 55 sh ) 
2Ub0 slt sh 2 
211~2 ss sll 3 



At,IWIId I~ 1\ ( ( IIIII lllill'ti) 

IJt'IJjltiy'.. I ( ._.j Nu. 1'._., ll u~s 
MdJJ t~r-uund ltllj Luul LL•tl Huuj t I uor Cool U<·<l diHI 

UurhLJt:! ~~ ~!.._! !!~~!~ ~~!_!_~~_! ~~~~~!! l.lev"loouWJ ~~~!L ~.OI.'~!.l!_U !c~~ lJlliul~ill' l!~·~l~'.::e.u!!l !.'-'l~~:c,l!U 
I) I' ':.up I llll l II t ·I ~JY l lll p. - Ult· llu. II ,,.,~q LLUq Ji 1 j 'll 1 IU (I- q) 

(\t·L. I J I. J,'N. H.llll.) j j/', Sli s ll II 
:w~u s ll sli ',4 (4 Jl) 
JUL~ sli Sli j 

JU{Il " sh 4 
<'~>Y 'll sh u 
iYllo sIt sit 4 
iYJL sh sli 4 
t:tJY '" sli J 
(UlJU " '" 4 

'J J '~tJIIIIII"III Uuruu L...&~ lu. IJl t· .:' -/\ bJ4o ld~/ (Ill> Sli sh ( 

( '. . .t·L • I q r. J,'li. H. I Ill.) lh'I'J sh sli (~ ({ -4) 
l/U!: sli sh 31 {l-Y) 
{bll<' sll sli 3 

IJtj ':.tJulht•t 11 Uuruu L.J~ lu. I ._., UIL:f ftu. J b]Ub oJl4 i'l~q sh sh /5 ( J- J) 
(':.t'l, j', r. Jttt. 1(.1111.) {b/U sh sli lL ( 1-L) 

iuli'J sll sh 2 
(b/Y s ll sl! J 

'""" sIt sit 4 
y~ Juulilt'TII llnJuu I'JOdiiLIIUII Lo. - U l ,. ; I blUU LiYI {/',j sit sh .:'9 (I-{) 

( ~l'l. lo I . J{N. H. 1111.) /LtW sh sh 4U ( J- I) 
<o4L sli sh 2 
2ouo sh Sli I 
't!J/Y sli sli 4 
lbLY sh sh " IJIJ ':.uuliH'III Uu1u11 t • ._.!> Lu. - Ule #O btU I LL II lbb I s ll sh '" ! 1- j l 

( ~t'L. I L I. J<'IL H.llll.) 2~01 s ll sl• 4J 1-< 
w {4UlJ sh 'h 
OJ {4(4 ,, 

sh 
l4lu sh sh 
dt:l sit sh 

Yl 1-luJ·Lh 1:.1111 lnt:.L:.. Ulud II. 4-1 u LOY~ tdU~ i~U~ 511 ? b (I ll 
( ~t·t. Ill I. J.'ll. H.ll\1.) 14~ol sh sh ]I (I 4 

1 Jtc ss sir 4L (!- 4) 
11 ~u sit sit l 

I.JI: f1tl I l II I '..IJII & ,, u-::; l ~ - u I tH ~ 11, Nu. { -1 'J ~YYI i>OOU (lou sh sit 4 
(',t·t_. I'J I. J.'l!. H. till.) {jj. sll sh ((I ({-J) 

1~44 sh sh 4U (3-~) 
llli>ll 'h sh 3 
lllW ss sh 2 

'I') f1tJ r L hI '..1111 X lr u!... t ~ - 1.\luLI<; 11 Hd I 1-IU olH4 ol~4 2b{l 
"' "h u 

( '"l. .!ll I . J/N. IL 11\L) <'414 " sit lU 
{JLU 'h sh 40 
UbU sll sh 

Iilii Julllilt"lfl tl11\u11 LJ~ (u. Utt..· Uu. ., uiO!I L{lll (tJ~IJ ,,, sh 
( ~l I "l , {II I . J~l!. IL II~.) 2LJU sh sh 

2~U4 sh sh 
2~/ti Sll sh 
2~UJ sh sl• 4!> ( 4-") 
L.J/I.J ::.s sh ' I ill ~tJIIlilt·J 11 Uotun t,us I u. u t t' f~IJ. 4 LlYlJ i>JOL l/14 sh sh JU (I- 4) 

( ~l"L. (I I. J~N. 1<. lllL) <'L40 sh sh <1i' (<-i} 
t!>Lli s II slo 2 

Ill! ~uulht·rll IJnltJII l~<tS Cu. - Ut t' th.1. J LJI I LJ~U <Hbo sit sh ,'II ( 1- j) 
( ::.Ot·(.. /{' l. JilL IL JILL) (tWO sh sh 4lJ 

~~~b sIt sli (. 
<uHt " sl• j 

II>J '.tljJI 011 V 11 lw ll1 I dod lll. Nl-A .•1/l L4UJ <'~4U s ll s II 49 ( 4 _,,) 
( ~t·t • i J r. J,'IL 11.1111.) cU/9 sIt sli 10 

cH4i> ss sh 4 
t.Hl~ sh sh til 
{!lUJ slo sh 4 
loUY s ll sh 3 

j()lj '•Ut1lht·111 llrtlllll L.1~ tu. lilt• {,u v t. 84"A" L~/4 t):,H) J<4u sll s ll u 
(';t·t. i•l I. Jill. IL 1111.) j 114 5 ll sh 4 

JU~Y s ll sit 41 ( 1-0) Jun 'll sir I 
(ij~U s ll sh 
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1\l'l't"!ld I, A (tultl IWII"d) 

l•I"IJjllly ~I (til Uo. I'<.J rl• lllJ ·, 

t-1 •• ,. llrtllllld ltPJ luoJI Ht·t..l l<uul I ltHJI Ludl llt•d dUd 

fiUJiolH: I lJJ 1 II llu ll' I•.Jt•ul 11 1 L .J l IUt1 1_1~~1~'."_(11) 1"'-!_1!.!'1!!L li_<Jd_lo_( !IJ !_~ IJ~!~~ ~__!_!_!~! !·~ ll,o;_I_IO_C~d!IJ l!>~~! "-':-:(_I~ l ------ -~- --------- ---

1.'11 I' .1 ll /\uw 1 I l <ill l't: I 1 o I l'lllll t ur p. - WI It IJd ~ Uu1 L "A" No. I 1•4 J I u44 J /I~~~ >II ~~~ 4 
( ~o\. I • jJ I. JIlL 1<.111.) (i:4lJ ... ,. oil ('U (/-4) 

('J<JlJ '.:.II >II 4 

~·I YU sil >II ll 

/tiL~ s ll ... ,. I 
t_·!l~ I >II s ll I. 

t'llU >II sIt ] 

IiI l'dL I I ll l~titlll~it·~t. l'l[lt"lrtH· LOJjl. lttlldLio JJ-/ l~u. U-J£ u4UU u411 ~f)l'IJ sil ':.II 4 
{'o~·t. I/ I. J JN. 11.111.) ('J~U " >lo I~ (I- J J 

nYI >It sil II 

il·4 ~ oil slo ~ 

"I.L41 sh sh I. 
Ill f·1ldl II Ill I lu. ~uulln·JII Ule 'Lt-JJ L.Hd uJ/1 il Jl ; ll slo 4 

( ~t'l. Jl I. JJIL I!. ill. J tl I I Sli sh 4 
i'lll"l. sh sh ] 

LL!J4 Sit 511 "I.L 
{LI4 >II >II lJ 
~:.~£' sh ~tJ lJ 
l!...liU sil sh (' 

I.' I I' c1 L If 1L f~tll t itWL'~ l I' I jll' I I HI.: llll"j..J. liJHdL iu JJ-/ ~ J- J4 Lu 13 uun L/Y4 >It >II 41J ( J -L) 
{ ~1'1 • ]4 r. J JN. 1<. ill.) 

U4 P.Ltlf It llot lhwt.:~l l'q,t•)llll' Lorp. ~"" Judll JJ-Il 11c5d l-1 Lb]l bL4 J {I;J I sit sh j 

{ ~l'l • I I. JJIL 1!. 111·1. ) t'B"I.J 55 sit 4 
('j,IJ] 511 5 It ~.~ (]-I J 
i'uUJ 5ll 5 It I 

I/', I' ,!1 I I H Not th~n·'..l Pq~td I IlL' (u•·l'· I ~JII.ctllu Uutl JJ-e Well uon Lb JY ion >ll 511 ) 

fltJ. J-(' (on. I. l.J3N. II.IIW.) t'/U I 5 ll 5 It 4 
1"- tldb 'll 51• cU 

0 2~tq sh >II j 

1/lo AuJul u l't utJuLliUIJ Lu. - ~ ut d 1.<..1 s Un1 t "U" Nu. I tJL~U uuut' JUIII >h sh l 
('>t•t_. J I. DN. ILHi-1.) {llht' 55 Sll 9 (I-I) 

cl:4u 5ll sh G (I-<) 
l/IJ " 5 ll II ("- J) 
i/JU " ~·· 

j 

i::L(Ji ;It Sit II ( 1-i J 
('(,41 5h 55 c 
t'uiL 'It 5h 4 ( 1-Lj 

1{/ I' dl If ll litH 1 hwt''..l P I)IL'Illlt:' Luq •. lyuuuu JJ-U No. o-q oo4 3 LI.J!...L i'b~H >I• 511 I! 
( ~!I . I . q I. JIll. II. tilL) £'1:i.H"i sh 5h ' 

C.b~} sll Sll II (I-.') 

l/JH sll 5h u 
t'/4 j ;II slo J 
t'/1"1. >It sIt 

I /I; I( Ill Lilli llpt·t "l I 11~1 l u. 11.tt·~ t t 'J Nu. I L~3~ Utl!:.l) {U)4 >II 55 

( ~··· . !, I. IHL 1<.1111.) (til~ 55 511 y 
{/L/ >II ;II JO (1-qj 
nn 5ll Sll II ( 1-2) 
cu/IJ >h sll c 
cbU ~~~ Sil 3 
2tJ~~ sll sh II• (1-"1.) 
;>cq!> >II 5h J 
[[,I, sIt sit 
2LU~ sll 5h 

IIY I' Jt 1 t IL II••, 1 I·~~ t· st pill" Iiiii' l UJ p. - I!JUttL IU JJ-tl Uu. 1<-o bbiY oo~u l~ll sli 5lo 
(',,., 1. J HI. 1!. HW. ) 2%2 ~~~ slo 

i'YUI '" slo Jb (I- J) 
.!b~l sh sh 3 
2HO sh sh J 
nYI ~~~ sh 2 
nou 5 It sh 
2111 511 ss 

I )II t ttllllo~, I (lj~t"t u l 1111) I il. - Utit ILL'':. Nu. I Me I b4JJ iYI4 ss 5S 
('l1'1. L I. JJIL ll.lill.) i./:.1 s II 55 H 

CI4Y 5ll 511 3 
t/JL 5 It sIt 0 

i'uHo ~ ~. 51l Jll 
iLJZ 5> sll y 

'~'JJ ss >II ~ 

l~ II ss 5> J 
~~~3 c. ~~ " 
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AlJp~udlx A (LUJillflu~d) 
Geophysical No. Parl inys 

Mop Ground log loal fied No of floor Coal Ued dHd 
NumL~o::1· lJJIIIIlull' IUt:IILIIIL.Jllon flcval ion! ft l Oatu01{ f t l Oe~th! It l l ilhologl Litho I O~l Thidnessjft) Thickness(ft) 

I JY Aw~r.:it.J.J 1-'~lrulcum to. - Lrt91cr No. I Me><~ Verde Unit 6/IU bill I 3130 sh sh 3 
(~Cl. (I 1.33N. R.UW.) 3121 sh sh 7 

30!18 sh sh 9 
JO!Jb sh sh 7 
2983 sh sh 8 
2973 sh sh 7 
294U sh sh 2 
2860 sh sh 6 

141 11 .:111 Alul.'l.lt.JII t'etruleum loq;. - Pall American fee Gas Un1t "8~ 6639 6652 2970 sh sit 10 
Nu. I Int. (~cc. 23 T.J3N. R.llW.) 2900 sh sh 17 ( 1-3) 

2882 sh sh 6 
2873 sh sh 5 
21Jb3 sh sh 7 

14;: 1-'..JII A111trJcun Petroleum turp. - W lrl Las Unit C-1 651~ l>~lb 2978 sh sh 5 
(~cc. 25 T.JJN. R.uw.) 29~3 sh sh 4 

2YJo sh sh 15 (1-l} 
2900 Sll sh 1 
2893 ss sh 3 
2liL6 ss sh 3 
28~!1 sh sh 4 
2834 sh sit 3 
2824 sh sh 5 14 3 1.11. Mel I'"'" - Oocor Nu. ( 6615 6627 3120 sh sh 5 

( ;c c. 26 I. 33N. R. IJW • ) 3070 sh sh 20 
302~ ss sh 9 (I-ll 
2993 sh sh 10 
2\162 sh sh 8 

.p. 144 Per1ro~e - Ldl.ldry Up~rdliiiY lu. - Ja4""' No. 4 /320 1335 389~ sh sh 6 
N (Sec. 21 I. 33N. R. UW . ) 3646 sh sh Ll 

3831 sh sh 6 
3821 sit sh 4 
3!111 sh sh 7 (1-1) 
3739 sit sh 4 
3714 sh sit 8 

1 q ~ Nortltwt:~l p, odu<:t 10n Co. - lyndCIO 33-U, Nu. 11-:w 1399 740!1 394o sh ss 4 
(Set . :w f.DN. R.llll.) 3932 slt sh 3 

3875 ss sh 5 
3!136 sh sh 14 (2-~) 
3/9/ sh sh 22 (1-2} 
3112 sh sh 3 

141> Ali.Julic HJchltt:h.llo. - ~outhern Ute Jl-1, 33-ll 13311 7351. 5 3974 sh ss 5 
(~'"'· 31 T. JJN. R.llll.) 3830 slt slt ~0 (1-o) 

3181 ss sh 1 
3160 sh sll 4 
3744 sIt sh 6 
3706 sit Sh 3 
3699 sh sh 2 
3674 ss sh 2 
3661 ss ss 3 

14/ All dill ll W lllil 1eld lo. - SouUt~nt Ute ~JL-1, )j.IJ 7238 1251.5 31J68 sll sh 3 
( ~el. 32 T.JJN. R.UII.) 38l2 sh sh 16 

3714 ss sll 30 
3723 sh Sh 6 
3108 ss sh 5 
3668 slt sh 9 (1-J) 
3654 ss sh 4 
3632 sh ss 10 11-n 14U Po.1n Aun ... , H.dn P~l• o1cum Cu. - tir1yy!. Lds Unit No. I 6855 6865 3417 sit sh 3 

( ~l:L. 3b T.33N. k.UW.) 3412 ss sit 2 
336~ sll sh 14 II- j! 3328 slt Sh 5 1-1 
3290 sh sh e 
3251 ss sh II 

l4Y ll Jid~O N.Jlur·dl Gas lu. lyuaclu JJ-U, No. 19 6853 6864 3450 sh sh !I (I- J) 
( ~l'L. ]~ l.lJtL H.UW.) 3396 sit sh ll 

335~ sit sh 19 {l-b) 
3317 sh sh 2 
3293 sh Sh 9 



Appendix A (continued) 
Geopllys 1cal 

Ho. Partings 

II·~ Ground log Cu•l Bed Roof floor Coal ~ed and 
~ Drill llole ldentlflcolion £levat ion( ftl) Oatua•! ftj Deeth{ ft} l itllo I O!)l litho 1 O!)l Thickness( H) Tlllckness(ft) 

1~0 Pan A111crican Petroleu111 Curv. - Wirt Gas Unit ''8" No. I 6507 6517 3063 sh sll I 
(Sec. 361.BN. R.SII.) 3013 sll sit 13 l'- 21 2967 sh sll 9 1-2 

2933 sll sh 8 
2914 55 sit 6 

1~1 P•Clf 1c Northwest Pipeline Corp. - Hundad JJ-9, No. 12-1 6466 6480 2910 sll sh 6 
(Sec. I T. 33N. R. 9W.) 2793 sh 55 4 

2767 sh sit 10 
2697 sit 55 10 ( 1-1) 
2652 sll sll 3 
2591 55 sll 2 
2560 55 sll 9 (1-2) 

152 Pac1f1c Northwest P1pel1ne Curp. - Bondad JJ-9, No. 22-2 6388 6400.5 2837 sll sh 3 
(Sec. 2 T. 33N. R. 9W. ) 2801 sll slt 4 

2742 sll sll 6 ( 1-2) 
2698 sh sh 6 
2689 sll sll 5 
26211 sit sh 10 !1-21 2578 sll sh 8 I -2 
2554 sh sh 4 
2493 sh sh 20 

l!>l Pacific Northwest Pipeline Corp. - Bondad 13-9, No. 5-3 6283 6296 2690 sh 55 4 
(SH. 3 T.33N. R.9W.) 2681 sh sll 5 

2667 sh sh 7 
2639 sh slt 11 ( 1-2) 
2616 sh Sll 5 
2604 sh sh 6 

.p. 2484 sit sh 6 
w 2458 sit sll 14 ( 1-l) 

2336 sit sll 16 
I ,4 Hc>a Petroleuu• Co. - Ute Indian 14A 6333 6346 2736 sit sh 4 

(Sec. 4 1.33N. R.9W.) 2725 sll slt 6 ( 1-l) 
2707 sit sit 4 
2660 sit sit 12 
2643 sit sit 2 
2629 sit sit 2 
2602 sit sll 3 
2519 ss sh II 
2550 ss slt 2 
2535 sll sit 3 
2524 sh sh 2 
2517 sit sh 3 
2508 ss sh 2 
2429 sit slt 3 
2409 sit sit 3 
2404 sit sit 2 
2391 sh sit 9 

~~~ Northwest Product1011 Co. - Bundad 33-9, No. 20-, 6630 6642 3032 sh sit 4 
(Sec. 5 1.33N. R.9W.) 3008 55 sll 5 

296 7 sll sh 4 
2942 sh sh 13 ( 1-2) 
2855 sit sll 12 {1-2) 
2622 sh sh 7 
2807 sh sh 3 
2798 ss sh 2 

l ~b Pacific NW Pipeline Corp. - 8ondad 33-9, No. 13-6 6485 6495 2856 sh ss l 
(Sec. & 1. JlN. R. 9W. ) 2839 sll sh 5 

2617 sit sh 7 
2760 sh sh 12 
2104 sh sh 40 (3-b) 

151 Pac1f1c NW Pipeline lor~. - Doodad H-~. No. b-1 6464 6416.1 2066 sh ss 2 
(Sec. 7 T. J3N. R.9W.) 2842 sh ss 6 

2628 sll sit 6 
21104 sh sll 9 
2770 ss sll 14 
2133 sh sh 19 ( 1-2) 
2b85 sh st. 10 
2660 sh sh 6 
2595 slo sh I 
2583 ss sh 5 
2466 ss sh 8 
24 53 ss ss 4 



Avven<liA A (cunllnue<l) Geophysicol No. Pdrt•uys 
Map Ground log Co•l bed Hoot J loor co•l Ued and 

NumLer Urlll llolc luentlllcallun £levallon(ft) Oatum( fl) Oeplh ( f t) lithology lithology Thickness( fl) Thickness(fl) 

l!)tl Me~J Pctrulcum - Ulc lrn.lldll ILA 63b0 b3/3 U~l sh ss ~ 

(Sec. Y 1.3311. k.Yw.) 2140 sh slt 6 
2/30 sh sh 6 
2706 slt sh 8 
26~1 sh sh 13 
2629 sh Sll 8 
2~30 slt sh 5 
2513 sit slt 4 
2462 sh sh ~ (I- I) 
2451 sit sh 3 
244 3 sh sit 4 
2429 sh sll 2 
2345 sIt slt 2 
2330 sh sit 8 (l-J) 

l~IJ Mc~d Pct,·uleulll Co. - Ute lnd1an MlA 6 7 34 6747 3030 sll sit 46 (2 -8) 
( )ec. IU T.33N. H.YW.) 3020 sh sh 3 

2989 sh sh 9 
2914 sIt sit 6 
2947 slt sh 3 
2899 sll sh 13 (I -l) 
2866 slt sit 2 
2H45 sit slt 15 11 

j l 28<0 slt sit 9 1-2 
2713 sit sh 8 
2695 sh sll 10 (j-4) 

loU Me~d Pelruleu111 Cu. - Ute l1o<l1an IliA 6546 b~t.U 29L3 slt sit 4 
(Sec. I l T. JJN. R. YW. ) 2953 slt sIt 5 

.p. 2908 sIt slt 4 .p. 28]] ss sh 6 
2824 s l t sit 5 
2813 ss sh 6 
2741 ss sh 3 
2693 sh sh 2 
2660 s ll slt 13 (4 -I~ 
2599 sit sh 14 (1-l 
2591 Sh slt 4 
2552 sh sh 3 

ltd Mt·~tl PelrulcuuJ lu. - Ute lndldll MilA 6t.25 6639 3022 slt sh 4 
( )t•(... U I. J 3N. II. YW . ) 29UO sh sh lC (1-1) 

2Y27 slt sh 2 
2UUI sh Sll 8 
2U64 sl• sh 9 
2822 sh sh 4 
27U5 sit sh 3 
27to4 sll slt 8 (I -l) 
2742 sh Sh 2 
2717 sh slt 2 
2694 ss sh 4 
2670 sh sit 10 (2-5) 
2634 sh sh 2 

lee t'JLitll NurU1wesl Plpellfte Corp. - llundou Unit 33-9 No. 7-13 6668 667~ 2900 ss sh 4 
(Sec. IJ T.JJN. R.YW.) 293!! sh sh 6 

2901 sh sh 15 ( 1-1) 
2810 sh sh 20 
2!!15 sh sh b 
2170 sh sh 8 
271U sh sh 2 
2697 ss sh 3 

J h s '-'ldlli.L.Jtd U1l dfld l.Ju~ lu. - J. 1.. Meld" 1llc No. l 6754 b7J3 lUUO ss Sh 15 (2-4) 
( ~t·t • 14 l.JJN. U.9W.) )Oj~ sh sh 2 

3UUU ss sh 5 
zn~ sh sh II 
289H sh sh q 
<'U70 ss sh 3 
21162 ss ss 3 
2857 sh ss 3 
28)] sh sh 3 
2H2U '" sh 3 
?ROfo " sh 4 
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AppendiX A (cunllnued) 

Geophy sic a I No. l'a<tings 
H•v G<ound log Coal Bed koof f I oor Co•l Sed and 
~ Urill llule luenllllcdllun £levat ion( It I Datum( ft) Oel!th( ft) li tholo9.l' Utholo!!X Thicknessjfq Thickness( ttl 

lb4 U.S. ~melt1uy, Hefin1uy, and Hint1ny Co.- Southern Ute 6738 6756 3103 sh sh 5 
33-9, 4-16 (Sec. lb T. 33N. R.9\L) 3093 sit sh 5 

3034 sh sh II 
3029 sh sh 3 
3003 sh sh 12 ( 1-i') 
2977 sh sh 8 
l962 sh sh 8 
2942 ss sh 3 
29011 sh ss 2 
21102 sh sh 2 
2676 sh ss 12 ll-2! 16~ l. L. t-uud1nys.lund - ~lHI1Cdl - Fedefdl No. I 6213 62l7 2630 sit sh 12 1-2 

(~~c. 17 T. 33N. H.9W.) 2540 sh ss 5 
2524 ss sh 13 
2~03 sll ss 15 ( 1-3) 
l426 sh sh 3 

~m ·ss sh 7 
ss sh 3 

ILb II Paso N•tural 6os Co. - Hundad 33-Y, 23-lll 6411 6421 21163 ss sh 2 
(Sec. Ill T. 33N. R. 9W.) 26~5 sh ss 4 

2843 sh sh 5 
2764 sh sh 3 
2753 sh sh 5 
2746 sh sh 4 
2729 sh sh II (1-l) 
2720 sh ss 3 
2650 ss sh 4 

.p.. 2607 sh sh 3 
U1 lb/ Nur Lhw1:~l PljJtd 1uc Loq.J. - Carr Nu. I 6155 6167 2619 sh ss 4 

(Set. 20 I. JJN. k.'IW.) 2609 sh sh 7 
2587 sh sh 7 
2530 sh sh 4 
2507 sit sh 10 (1-l) 
2460 sh sh 5 
2453 sh sh 2 
2372 sh sh 9 (1-2) 
2309 sh sh 4 
2302 ss sh 3 
22117 sll sh 2 
2279 sh ss 2 
2193 ss sh 2 

lob Pacific Northwest PqJtiiHe Corp.- Oondad JJ-Y, No. 39-~1 6635 6646 3116 sh sh 5 
(Sec. 21 T.JJN. R.'IW.) 3105 sh sh 6 

3061 sit sh 4 
3044 sh sit 14 (1-l) 
30211 sh sIt 2 
2976 sh sh 2 
2963 sit sh 7 
2671 sit sh 3 
2850 sh sh II I bY P•cil1c Northwest Pipeliue Corp.- 9-lJ 6640 6b5b 3125 sh ss 5 

(Sec. 2J T.3JN. R.~~-) 3110 sh sh 7 (I-I) 
3047 sit sh 7 
lOll sh slt 14 
2984 sit sh 6 
2880 sit sh 4 110 f l: X-~ lUI Uil & G•s lor~. - Harlinez Uult Nu. I 67~4 6766 3176 sh ss 4 

(Sec. ~4 I. JJN. R.'IW.) 3lb8 sh sh 2 
310B ss sh 2 
30B5 sh sh 3 
3062 sh sh 17 (2-J! 3036 sh sh II (2-2 
2967 sh sh 4 

Ill Rouer t l. llaynie - Ute JJ-9 No. ~ 1426 74 39 3978 sit ss 4 
(Sec. 2~ I.JJN. R.'JW.) 3901 sit sit 2 

3867 sit sit 18 (1-3) 
3839 sit sit 19 
3821 sh sh 5 
3801 sit sh 4 



Ap1•~ut.J1x A (lufllJnued) 

lieophys1cal Nu. fJd1·t lfl9~ 
Mav Ground log Coal Bed Roof Floor loal 6e<l and 

NumLcr llnll llole ldenllll<"llun flevat ionjft) Datum( ft) lle~th( ft) lithologz: lithuloyy lhickness(ftl Thickness(fl) 

Ill lynco Ull (o. )uulhuu Ute No. j /36/ IH~ ]~Ill sit ss 
(Sec. 26 1.33N. R.9W.) 3963 ss sh 

3945 sit ss II ( 1-l) 
39U9 ss sit 3 
36L) sh sit 19 ( 1-J l 
3U27 ss sit 25 (3-b) 
3734 sh sh 5 
3124 ss sh 3 
3UO sh ss 2 
)L/1 sit sh 3 

1/J Murd•1~uu lrusts- tilud, b. No. 2-~9 6~94 ow~ 3130 sh ss 3 
(~ec. lY l.HN. R.9W.) 3120 sh sh 5 

30UO sh sh 20 (1- j) 
2996 sh sit 2 
2941! sit sh 2 
2904 sit sh 4 
2UIO ss sh 10 (l-4) 

J/4 IILiantiC Hlchlie1d Cu. - ~outhern Ute MJU-1, ]3-9 6341 63~4 2U43 sit sit 4 
(~~c. 30 1.3JN. R.9W.) 21llB sit sit 6 

2193 sit sit 26 (2-ZI 
2656 sh sh 30 (3-7 
2615 sh sIt 5 
2L04 sit sit 4 
2593 sit sh 6 
2565 ss sh 2 
2"24 sIt sh 2 
241!0 sit sh 3 

.p. 2468 ss sh 5 
01 1/t. U1x1e H. Hlld11e rrusl - )pdlter Nu. 4 605U 6070 2618 ss sit I 

(~ec. J I f.33N. R.9W.) 2601 sh sh 7 
2534 ss sit 26 (2-4) 
2466 sh sh 4 
2348 sit sh 5 
2322 s ll sit 2 
231] ss sh 2 
ns2 sh sIt 2 
22<'1 sh sh 2 
2210 ss sh 3 

1/t. Murdti~UU rrusls- l:Jiocl<. L, No. 1-JL 6474 6485 3046 sh sh 4 
( )ec. 32 I. J3N. H. ~W.) 3018 sit sit 2 

2950 sh sh 34 ( 1- j) 
2932 sh sh u 
2855 ss sh I (1-l) 
2816 sh sh 6 

Ill Nurlt•we~t Production lut-~. - No. li-Jo 7U3 7284 3679 sIt sh 5 
( )ec. JL f.33N. R.911.) 3835 sh sh Ill (2-4) 

3801 sh sh 23 
3786 sh sh 4 

JIU lumpd'.l:. LXJJlurdllun Inc. - Anin1as 1-1 6199 6()1 2560 sh sh 4 
(Sec. I l.JlN. R.IOW.) 254 9 sh sh 5 

2530 sh sh 6 
2507 sit sh 3 
2493 sit sh 4 
24 75 sh sh 10 12-21 2405 sIt sh 35 3-7 
2341J sit sh 4 
2313 slt sh lb (3-t.) 
2290 ss sh 4 
2l!ll ss sh 3 

II~ 11 dllllt NlJrlllwl':.t Pl~t:llue lori-J. Nu. 1t.- t 6235 6241 2560 sh sh 8 
('"c. ~ f. J JN. 1<. I OW. ) 2533 Sil sh 7 

2493 sh sit j 

l4 72 ;h sh 12 (I- J! 
2422 sh sh JU (I- J 
23t.O sh sh 20 ( 1-2) 
2333 sh sh 3 
2300 sit sh 3 
22UO ss sh 2 



Apptlldlx A (umt tflu~O) 
ueophy sIC • I l.o. Pdrlluys 

"'"~ Ground log Coal Bed koof f I OlJI Cool Ucd dlld 

~ Drill llole ldentot~ Elevat ion(tt) llatuou( ft I Oejlth( ft) litholo~~ litho I O~t Thickness(ft) Thickness{ft) 

IUO lynco Ool Co. ~ Wt~l Anlm<JS i'l b~19 b~JO 2/U~ sit sit 10 
(Sec. 3 T.JJN. k.IOW.) 27bll sh sit 6 

2107 sit sIt 16 (I-~) 
2~90 ss sh 12 (I-I) 
2561l sh sit 5 
2558 sh sh 2 

lUI lyuco Uol lo. - Jacquez Nu. I 6553 6564 2876 slt sh 8 (1-2) 
(Sec. 4 f.33N. k.JOW.) 2H54 slt slt 13 (2-3! 

2805 sit sit 19 (4-6 
2764 sit sh 23 (4-9! 
26b2 sh sh 19 14-5 2641 ss sit 4 1-0. ~) 
2603 sit sh 4 
2b95 ss sit 3 
2519 ss ss 3 
2573 sit ss 3 
2533 ss sit 3 
2419 slt sit 3 

IU2 lyucu Oil lo. - La Posl.J Can 011 No. I 6709 6720 3042 sit sit 8 
(Sec. 5 f. JJN. R. I OW. ) 3019 sit sit 12 

2969 sit sh 19 
2925 ss sh 14 
21174 sh Sh 6 
2HIJ ss sh 23 (I- 4) 
2758 sit sh 3 
2bll4 ss sit 7 (1-2) 
2580 sh sit l7 (3 -tl) 

-Po 2514 slt Sh 10 ( 1-2) 
--...j 24UO ss slt 4 

2454 sh sh 10 
2429 ss s l t 16 (1-2) 

I U J Auu!rlcau Pt:Lrult!UIII Lr1e' !JY Lo. lnL. - Aryeuta Ute Well No. 5 /037 7U4U ))50 sit sh 45 (7-16) 
(SeL. 6 I.J)N. R.IUW.) 3332 sit sit Ill (2 -6) 

3292 sit slt 3 
3210 ss ss 14 (Hl 3205 ss sh 5 (1-1 
3152 ss sh n (4-5) 
304tl ss sh 3 
3030 sit sit 3 
2955 sit ss 4 
2935 ss sit 3 
2912 ss sit 3 

I U4 lyiiLu Ool lor~. - lllack Hounta111 No. I 61l64 68)6 3ll5 sh sit 9 
(ScL. U f.JJN. k.IOW.) 31bll sIt sIt 3 

3110 sit ss 35 ( l-6) 
3019 sit sit 18 
3011 sIt slt 34 (1-b) 
2966 sit sh 3 
2925 sh sh 3 
2900 slt slt 5 
2656 sIt sh 3 
2730 sIt sit ) 

I U'.J S.clly Uol lu. - Ul c ''l" No. I b515 bb2U 21180 sit sit 4 
(SeL. ~ J.J]N. k.IOW.) 2863 sh sh 7 

2837 sh sh 6 
21128 sh sh 4 
271l8 sh sh 18 
2123 slt sh 56 ( 3-6) 
2t3H ss sh 2 
25U sh sh 4 

Jl!(, Ju'>t:l;h IL Luu ld - Luu IU Ute "U" Nu. ti b39] 6406 2762 sh sh 2 
(oeL. !0 I.JJN. II.IUW.) 2754 sh sh 4 

2721 sh sh 4 
2679 sh sh 21 ( 2-2) 
2630 ss sh 28 
2509 >h slt 9 
24 77 Sh sh 2 
2463 sh sh ) 
23110 ss sh 4 



Al'!J~fllllx.. A (<.urlllnued) 
lieophyslcal No. Partings 

11u~ Gruuud log Co• I lied Hool floor Coal Bed dOd 

Numla:r Unll llolc IOcllllllldllOII Elevation( It) Datum(ft) Uepth( ft} l ilho I ogy litho logy Thickness{ft) Thick ness ( ft l 

I til Cum~L:J~~ l.-.plorat 1011 - AulllldS Nu. 1-11 6303 6313 2b Jl sh sh u 
( ~e<.. II l. 33N. k. l UW . ) 2625 sh sit l 

2600 sh sh 3 
2~~1 sit sll 3 
2549 sh sit 4 
2496 sh sh 26 {2-J) 
2454 sh sh 20 (2 -4) 
nob sIt sh 3 
2342 ss sh 2 

I Uti ll Pa~u Nalur d I Ld~ Luq.1. · Nu. 20-14 6329 63H 2121J sh sh 4 
{~eL. 14 T.3JN. H.IUW.) 2/UO ss sh 5 

2622 sh sh 16 ( 1-2) 
2582 sit sh 30 
2418 ss sh 3 
24 )!J sh sh 5 

lH~ lyuLo U1l - Cox Cauyun Nu. I 6770 67U2 3234 sll slt 7 
(~ec. 21 T.HN. H.IOII.) 3170 sIt sit 12 p-J) 

3109 sit sit 51 5-17) 
3014 sh sit 3 
2992 ss sh 4 
2947 ss sh 3 
2U!l5 sh sit 3 
2842 ss sit 4 
2833 ss ss 3 

lYU MlJrChlsuu trusts- Hlu<.k B, No. J-£2 6H6 b4!J7 2991 sh sh 6 
( )cc. 27 f.J3N. H.IOII.) 29!11 sh sh 6 

2%4 ss sh 3 
~ 2911 sh sh 29 ( J-1) 
(X) 2U65 sh sh 44 (2- 5) 

2755 sh ss 3 
27£2 sh sh 5 
2698 sh sit 2 
26!>8 sh sh 4 

l Yl ALI...111l1L ltH..htltdd lu. )uutherll Ule 2J-l, 33-10 6252 62b5 27JU sit sh 6 
(Sec. {) l. JJN. II. I OW. ) 2/ll sh sit 7 

2695 slt sh 7 
251!4 Sh sh 37 
254 7 sh sh 9 
2509 sh sh 6 
24% sh sh 2 
2478 sh sh 7 
245 7 sIt sh b ( 1-2) 
2426 sh sh 4 
2417 sh sh 3 
~)~~ ss sh 5 
2373 sit ss 6 

lYl Atldulic RetauHHJ Cu. - ~UtJLhcr·rl Ute ~4. 1-JJ 6lbl 61/3 2645 sh sit 5 
(Sec. 24 f.33N. k.IUW.) 26 36 sh sh 6 

2b~4 sh sh 6 
2595 sh sh 4 
2567 sh sit 18 (I-<) 
2510 sh sh 43 (3-7) 
2430 sh sh 4 
n97 ss sh 3 

I~J l'uLiliL Nurlliwe~l PqJt!llue Lur~. - Nu. J- ( !J 6113 bl24 2631. sit sh 14 
(Stc. 2!J I.JJN. k.IUIL) 2625 sh Sh 4 

2597 sit sh 23 ( 1-J) 
2521 sit sh 16 
2419 sh sh 21 (<'-4) 
2407 sh sh 3 
231JI sh sh 3 
2345 sh ss 4 
2291 ss sh 3 

I ~4 Murd11~011 lru~l~- Ulud, u. Nu. I· {L b54b b55b 3127 sIt sit 5 
(~··c. Lt. I. J3N. IL I UW. ) 3110 sh sh 4 

3027 sh sh 2Y (2 -b) 
2963 sh sh 21 (2 -4) 2944 sh sh 8 206U " sh 2 2834 ss sh 2 27U4 sh sh 
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Appl'udJx A (Lur•llnutd) 

Mup Geophys !Col I Nu. i-'df'llllljS 

~~~!_ ~~·~'~' !~Lil'llll!_~~~~ 
Ground log Codl lied Root floor Co a I Ue<l und 
flevat iouj ft) !!2.!.~ Oc~thj ft) litho I o~): litholo~l Thickness! ft) Thickness( It) 

2U4 /\mer ILJII P~lroiL·uu• lm.~r-~y lu. I tiC. - Aryentd-Ute No. Y 6/IIU b/Y~ Jn/ sh ll ( 1-Z) ss 
( ~l'l. 13 f.).HL ILIIW.) JI5Y ss ss 10 

3151 sh ss 3 
3121l sh sh IY 
3089 Sll sh lb 
3015 ss sit 13 ( 1-1) 
2Y75 sit sIt I 
2941 sh sll 2 
2!1% sh ss 6 
2U90 ss sh 3 
2/11 sit sh 5 

!U~, /\u•L·r ltdll i'l'lrult:ulll lr1cryy Lo. J II(, Ar·yt:rlli:i-Ule No. IL 6B4b 61160 3250 sIt ss 23 
( ~t:l. I q I. JJIL IL IIW.) J I ~d sIt sll 37 (I-ll 

3069 sh sh 14 
3023 sh " ~ 

2Y91 sh sh II 
2966 s ll sh 2 
2906 sh sh 3 
2!190 sIt sit 3 
21130 sh sIt 2 

LUt, Ault'Citdll i'l·t• oleum lner yy Inc. - AryenliJ Ulc No. tl IOIJJ 709~ 3463 sh ss 20 (2-4) 
( ~l'l. 14 1.33N. H.IIW.) 3J70 sh sh 2 

3321 sh sh n ( 3-6) 
3270 sit sh 15 ( 3-3) 
3l21 sh Sll II (2-2! 
31% ss sh 10 (2-J 

Ul tUI 1\u•cr 1 Ldll Pel r u 1 euru lr1eryy Lo. - Ar·~cut a Ul c lease M lU bill 61!16 3209 sh sh 27 
0 (~et. <'3 1.3JN. R.IIW.) 3197 sh sit u 

3U4 sh sh 26 
]056 slt sh 18 
3UO/ slt sh 12 
2944 sit sh 14 
21149 sh sh 6 

ill/1 l1 urr II 1 I lu. - At.LJ l~o. I b!:d4 b54~ )OLt, sit sh 13 (I -2) 
( ~t.'l. 2!> I. )JIL IL I IlL) 3041 sh sh 6 

294 I sll sh I!! ( 1- j) 
21194 sh sh II ( 1-2) 
2Ubl Sll sh (, 

l'UlJ I I Ull Ul I t u. Ute Nu. I 6/2~ L /]6 )I 6 3 sit sh 7 
( ot·< . 21 I. )JN. IL IIW. ) Jll:J sh sit II (l-4! 3021 Sll sit 45 (3-7 

2%6 sh sh 7 
2Y02 sh sh 6 
2~1~ sh sh 3 

tiU Vul U. l<et:~c <.~nJ A'J::.uL. - Ult ~-)4 bb/5 66116 J 1116 ss sh 2 
(Sec. J4 f.JJN. H. IIW.) 3170 sh sh b 

3163 sh sh 2 
3112 ss sh 30 ( 3 -li) 
)UL 7 sh sh 3 
3022 sh sh 38 ( 2-4) 
2918 ss sh 2 
20118 sh sh 4 
liiiJU sit sIt l 
21111 sh sit 3 

211 luw,ul H.LJlt:tl U1l uul..i G<1::. lo. - ~~rtny lr"ck Nu. l-2Y bU9~ 6YU6 2YIJ Sll sh 3 
( ~cc. 2~ I J41L H.LW.) 2YJ3 Sll sh 21 ( l-4) 

2066 sh sh 4 
28~1 ss sh ) 
2793 sh Sll J 
2/52 sh sh 4 
2/44 ss sh 4 

til lul'l(u- ~UtJltit'lll Utt· Uu. I 6/0~ 6/lll 290~ ss sh 4 
(:.Ot·t. <o I. 14tl k. /W. ) 2!!35 sit sIt J2 

2/UO ss sll 7 
(_J':Jl sh sIt 12 
2/J~ sh sit IU 



Appe11tl1x A (lufllluu~ll) 
llu. l-'drllnys Geujlloy sic a I 

Ma~ LruunJ log Coal Hed Hoof fluor lu• I IJed and 
Uu111LH!r Uri II llult.: IJuLllt IL..tliUII £levdtlufl! ft) 1Jatu111{flj Uepth!ft) litho logy l i t110 I ugy Thickness! ttl Thick ness (It) 

ilJ NtHliLrh:::)l 1-'fullllllluiL Lut jJ. U·U lyuocou 67Yu 61JOJ 2JY6 sh 4 
( )cc. U I. HN. I<.IJ~.) 07~ slo sh 14 ( 1·21 

210l sh sIt 4 
2l~J sh sh 32 ( 14 lut:lu; - Nu. J ~u 11- I y ucr lunt 6764 b/11!, 25!J7 slt ss 3 

( ~"'. lU 1.34N. k.U~.) 25/U sh sh 6 
(470 sh sh " 2401 ss sh 7 (1·1) 
nn ss sh 4 
l350 sll slt 4 t I~ l(lfiLUfl Upl~r·.:~t iny Lu. klA Nu. I 6541 6~60 2YIJIJ slt ss tl 

( jL'l. L' 1.34N. k.!JW.) 2UI5 sh slo 4 
2767 sit sh J~ 

2111 sh slo 8 
2L59 slt sll n (2-J) 
2~1J6 ss sh 3 

"'" l(lflLUII Upcr·..ttltly lu. - Ueroy flo. I o/3~ b/4 7 3027 sh 55 3 
( ~l:l. J3 T.34N. k.UW.) 29Y8 slt sh 2 

29~6 slt slo 19 
2677 sh sh 7 
2UIY sll sh 7 <II Nurlhwe~l PruJuLlluu lurlJ. · lyuacio 34-IJ, No. 1-34 66~3 636] 2Y55 sh sh 3 

(;ec. 34 I.J4N. H.IJW.) 2904 sh sh 6 
281J3 sh sit 7 
21J6 3 sh sh 2 
2!J~2 55 sh 8 (I-I) 

Ul 2U06 sh sh 3 
t-' 27U7 slt sh 3 

2174 slt sh 5 21U ~ u l' IL u - L r .:~ 1 y No. I b/5U 6770 2641> sit >ll 28 ( 1- J) ( oo·c. lc I. HtL k. YW.) 2btd sit ss y 
2~>3& ss sit Ill ( l-t) 
24el sh sh 30 
2390 ss sh 26 (4-Yl tiY 1(1/ILt.lll Upt.:r..1t1uy lu.· HiiiLUII liJrt!.y Nu. I 6~43 "'~" l/92 ss sll 14 (l-1 ( :,,.,. IY 1.3411. 1!.9W.) 2173 sIt sh 10 
21LI sit sh 6 
llll sIt sit II 
;'695 sh sit 23 
nu9 sh slo lb 
2574 sit sll 6 
2417 55 sh 15 ( 1·2) 
2412 sIt ss 3 
23e8 sIt sll 5 
23UI sh slt 4 
2359 sit sh 3 f!./0 ~oulh~:ru Uu1011 PruJuCllull lo. - Masuu ll 6~78 6~UIJ 2831 sh sh 3 

( ~~l. c~ f.34N. H.YW.) 2825 sh sh 5 
2814 slo sh lJ 
2787 sh slo I 3 
2717 sh sh 43 {Z-b) 
'Ltd/ sh sh 3 ! c.' I _jutJlttt.:rll Uu1un Ld~ lu. - lie~ l 011 No. I 6bl2 66U 29n sh sh 3 (~cc. tY l.J4N. H.YW.) 291) Stl slo 4 
2903 ss sh 3 
2U5tl sh slo 3 
2797 sh sll 4& (4 -IU) 
2/oJ sit sh 4 
2704 sIt sh 4 
2Lib ss >h 4 Ul ltHIIIicl~~ l,o,pluroJlloH Ul·u~luu I ee No. 1-JU 6~b J 6~6~ 283J sh slo 3 

( jl"l. Jll I.HN. H.'J~.) 21J2~ sh sh 5 
2806 sh sh 7 
no5 sh sIt 4 
/LYU sh sh 40 (3-o l 
2655 Sli ss 3 
h~U ss sh 3 
2574 Sh sh 5 
t'tl~~ sIt S> 4 
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ApjH·IId I X 1\ ( l !!Ill IJIIJt•ll) 

Lt·upllyS1t:dl Nu. I'..J t l tuy~ 

hdj• LirOUIHJ Lug Co" I Uc<1 Hoot t I oor lu..JI Uctl dlltl 

fiuwLJL 1 ~Jl..!. !!~l~--~~~:~~L!_~~! llevdl io11(_!!l llalurulL!l_ Uepllr(tt) L itholo~l Lilholo•!l !ill~~!'"" !Ill lhick~U!!J 

:_I l ( Ullljhl~~ l,o.,piiJJ Jlltill No. I· J I L~lb L~Jj <'~UJ '" sir 
( Or·c. J I I. J4H. H. ~w.) 2~13 sh sh 

2~4lJ sh sh (, 

L/92 sh sh 7 (1-1) 

l/42 '" 
sit Jb 

lbJ4 sh sit " i'blL ss sh 2 

'<•I ~~~••ll•,·• 11 U111 u11 1·, ''li••LL 1011 co. ~ullou Nu. " l>b/b LLU/ 30/tl sh '" 4 
('JL'l. JJ I. HIL H. 'JW.) JU4U sh sh 5 

JUJU ,, sh 2 

JOUU sir sll 9 

l~lJ) sh s 1t 6 

2971 sh sh 2 

2932 sh slt 3 
<U4b sh ss 4 

l.,ilwl'JI l.·qdu1 uliUII lur·l·· I huJitl•~un Nu. I LL£4 oLJI 2Uib sir sh 
(~I'( • I ;• I. J4N. II. IUW,) 2UO/ sll sh 

279L sir sll L 

2L~U sh sh n ( 1- J) 
l/4J sh sh 3 
"bib sh sh if (I. J) 
<bbU sIt :>lt 2 
i!lLb sh sh 2~ (<'. ~) 
L'~!JJ s' ss 3 
2~ ]{J sh sh 4 
24lJ5 sh sh 4 
24 3/ 1 1 4 

Ul .:' /t, I y Ill u Ill I ( IJIII)J.JIIY - llurullry Lould No. ll LJ/1 bJI:Sl 2bU7 sh sll 14 !2-~l N 
( ~l'l. :'4 I . J4N. H.JIJW.) 2~69 ss sit 9 1-4 

tb~b sll sh ] 

~!lOL >It sit u (1-d 
2474 sit sit n ( 4- 7) 
23/~ ss sll 20 ( 4-6) 
n£& sh. sh 4 
2J2U sIt sir 3 
nn sir sh j 

2<'5£ sIt ss 3 
215b ss sh ~ (I -2} 
21 J6 s ll sit 2 

It' I Amt'lli...JII h·lrult·tnll lllt'l·~y lo., I IlL. - Ar~t..·ol.:J Nu. " LUIY bun H£5 s ll sll ] 

('ot•t. J I I. J4tl. ll.llijJ,) nn s II str n (J-U) 
32U4 sir :>11 (1 (i -b) 
J 114 sit s ll II ( {-,) 
303~ sIt sh IU (1-l) 
]015 ss sh " ( 3 l>) 
2~96 sit sh ~ ( 1-2) 
{964 ss sh ] 

:!UIU ss '" 3 
2Utr2 sll sll ] 

(,'1\ llu I' LIIWl' ~ t l'rut..lucllun luiJI. li<JIILI.Jd I- J£, tiu. lU- 34 b~b2 61:173 323U sir sh u 
( 'ot"L. Ji I . J4 t<. II • I OW . ) 32<1 sh >h s 

lll4 sir sir J 
314 7 sir sh 19 ( 1- j) 

3122 sir sir 3 
JU1:14 sh ~II 12 (I l) 
301~ sh sll ] 

i~Ub sir Sir 1:1 
£~73 sit sir 
£961 Sir slt 2 
:!944 sir sh 4 
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Appt~IH.llx A (lUIIlluu..:J) 

lJnll ltule i<lcntifo<allofl 

l<ube•l l. lluyuoc - Ute 34-10 No. I 
(~ec. JJ f.J4N. ~.lUlL) 

Jut1u~luu-jht!dl (u. - Uu11Jall No. 2-J4 
( Scl. 34 T.34N. k.IUW.) 

~dLitlc No•·thwc~t P1pcl1ue Cor~. - Uuud•J 34-IY, No. 
(ScL. 36 f.34N. R.IOW.) 

LeuvhY Sl c • I 
Grouud log 
[levdtion(ft l ll•loou(ft) 

6Yn lOUt> 

64!15 6491 

3-36 6213 6£24 

No. Portinys 
Co a I Ucll Huul Fluor Coal lled dOll 
Oepth(ft) .!:..~ lilho~ Thickness( fl) Thickne'~ 

J30 s ll ~~~ l J ll·l) 
330!1 sit sit 12 1-l) 
3260 >II sit 20 
3~17 sh sh 17 
]116 slo sh IU 
3101 sh sh I 
JUY5 '" sh 3 
3076 slo sh 6 
3020 sh sit 4 
3014 ss sh 2 
2956 sit sit 2 
29]] sit sit 2 
nn sit Sh 4 
2762 Sh sh 5 
2736 sh sh 4 
2724 sh sh 5 
2709 st. sh II 
21165 sh sh IU 
2574 sh sh 16 
2530 Sl1 Sh 3 
251~ sh sh 5 
2494 sit sh 4 
2486 sit sh 4 
24115 sh sh 3 
2420 slC sh 16 ( 1-l) 
2341 sh sh 7 
2336 ss '" 2 
2295 sh sh 2 
2111 sh s ll 4 



Gas Kicks in Coals 

Well Nos. 

18 

32 

APPENDIX B 

Details 

"Gas k i c k 2 8 7 5-9 6 1 
• " "Mud : 9. 5 #" (Co a 1 at 2 8 9 4-2 8 9 9 1 

) 

"Sml gas kick @3185 1
." "Mud:9.3#" (Coal at 3180-3190 1

) 

Drill Stem Tests Over Mixed Sandstone and Coal Zones 

Well Nos. 

80 

107 

109 

160 

163 

Details 

"DST-2888-2997, 2 hrs, SI 30 min, gas in 25 min, 
rec 60 GCM, FP0-625#." (Coal at 2936-2954 1

). 

"DST-3000-3147 1
, 2 1/2 hrs, SI 30 min, gas in 4 min, 

est 1000 MCF in 35 min, flowed wtr in 2 hrs, 
FP 500-1305#." (Coal at 3036-3051'; 3057-3069'; 
3086-3092 1

) 

"DST 2641-2725, op 23, SI 45, op 47, SI 45, 
GTS in 9 min, no gauge, rec 250 GCM, FP 137-157, 
SIP 1219-1258, HP 1487-1461." (Coal at 2674-2716') 

"D S T 2 7 56- 2 916 ( F ru i t 1 and ) 1 h r , gas i n 2 m i n 
@200 MCFPD, rec 165 GCM, FP 96#,. SIP (30 min) 
1240# HP 1400#." (Coal at 2775-2784', 2813-2816', 
2865-2910 1

) 

"DST 2505-2965, op 10, SI 30, op 150, SI 240, 
rec 441 mud, 1125 HGCM, FP 235-374, 511-702, 
SIP 1131-1386, HP 2487-2961." (61' coal between 
2552-2967, see Appendix A) 

"DST 2790-3107, 2 hrs, gas in 9 min, @rate 75 MCF, 
1345 1 GMC, FP 560-830#, SIP (1 1/2 hrs) 1420#." 
(52 1 coa 1 between 2806-3905 1

, see Appendix A) 

Production Tests in Mixed Sandstone and Coal Zones 

Well Nos. 

107 

109 

Details 

"Perf 2607*, 2614,2621, 2628, 2635, 2642, 2649, 
2654, 2660, 2665. Acidized w/500 gals. Perf 
2680-89 w/1 pf. Acidized w/500 gals. Perf 2720-24 
w/lpf. Acidized w 500 gals. F 6 MCFGPD." 
(Coals at 2603-2608 1

, 2674-2716 1
) 

"Jet-2 per ft- 2744-50, 2760-68, 2778-82, 2790-97, 
2801-08, 2870-74, 1 per ft-2820-60; sdfract. 
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114 

117 

134 

28,000#sd, 31,000 gals water. 1 PF (Fruitland) 
1585 MCFGPD, 3/4 "ck" (Coals at 2775-2784 1

, 

2865-2910 I) 

"12-4-73 perforated Fruitland intervals 2505-09, 
2521-24, 2578-82, 2592-96 with 2 SPF. Displaced hole 
with 1% KCl water. Spotted 500 gallons 15% HCl at 
2596 1

• Pumped in 3500 gallons water treated with 
1% KCl and 10 pounds Gel per 1,000 gallons. 
Sand-water fraced with 6,630 gallons water, treated 
as above, and 6,000 pounds 10-20 sand. BOP 1200. 
Established injection rate of 36 BPM at 3200 psi. 
After 6,000 pounds sand in formation, rate dropped 
from 36 to 30 BPM and pressure increased to 3500 psi 
in 45 seconds. Bled off pressure and attempted to 
frac again. Only got 18 BPM at 3500 psi. 

On 12-5-73 spotted 500 gallons 15% HCl acid and 
reperfed intervals 2502-09, 2521-24, 2578-96 with 
2 SPF. Pumped 3,240 gallons treated water and 
sand-water fraced with 17,870 gallons treated water, 
5,800 pounds 20-40 sand and 8,000 pounds 10-20 sand 
and started to sand off. Rate dropped to 10 BPM with 
3500 psi. Backflowed for 8 minutes and flushed. 
Maximum and average pressure 3500 psi. AIR 31 BPM. 
Tested well by alternately flowing and swabbing 
well with gas too small to measure. (Coals at 
2459-2461 1

, 2501-2511 1
, 2521-2526 1

, 2572-2615 1
) 

"Initial Production: 622 MCF Gas Per Day, SIP 1379#, 
Perf. 292 shots 2569-2640 1

." (Coal at 2581-84 1
) 

"Perf 2596-2610, 2614-20, 2666-74, 2679-83 w/2pf. 
Fract w/40,320, gals wtr, 40,000 sd" "made large 
quantities of water and very little gas." (Coal 
at 2607-2621 1

, 2666-2684 1
) 

*underlined perforations are in coal beds 

Wells Producin from Sandstones in Coal Bearin Zones 
coals are listed in Appendix A 

Well Nos. 

83 

86 

89 

Details 

"IPF 377 MCFGPD, 3/4" ck, TP 19#, CP 84#." in 
Fruitland sandstone, "perf. 2520-38 w/2pf." 

"IPF 2237 MCFGPD, 3/4" ck, 3 hrs., TP 172#, CP 349#" 
in Fruitland and Picture Cliffs sandstones, 
"perf 2448-62 w/2pf sdwtrfract" and "perf 2796-2820 
w/lpf sdwtrfract." 

"IPF 824 MCFGPD, 3/4" ck, TP 56#, CP 184#" in 
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92 

95 

103 

133 

160 

Fruitland sandstone, "perf 2610-30 w/2pf sdwtrfract." 

"IPCAOF 7326 MCFGPD" in Mesaverde sandstones, "perf 
5317-5801" gross 

"IPF 44 MCFGPD, 3/4" ck, CAOF 351 MCFGPD" in 
F ru it 1 and sandstones , "perf 2 416-2 55 2 (gross ) " 

"IPF 7653 MCFGPD" in Mesaverde sandstones, 
"perf 5079-5560 (gross)." 

"SI Gas" perf "2610-85 (gross)" in Fruitland 
sandstones 

"IPCAOF (Fruitland) 420 MCFGPD," perf Fruitland 
sandstones 2769-96 (gross) 
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