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Assessment of In-Place 0il Shale Resources in the Eocene
Green River Formation, Uinta Basin, Utah and Colorado

By Ronald C. Johnson, Tracey J. Mercier, Michael E. Brownfield, and Jesse G. Self

Abstract

A comprehensive geology-based assessment of in-place
oil, regardless of richness, in oil shales of the Eocene Green
River Formation of the Uinta Basin of eastern Utah and
western Colorado was conducted. The oil shale interval was
subdivided into eighteen roughly time-stratigraphic intervals,
and each interval was assessed for variations in gallons per
ton, barrels per acre, and total barrels in each 36-square mile
township. The Radial Basis Function extrapolation method
was used to generate isopach and isoresource maps, and to
calculate resources. The total in-place resource for the Uinta
Basin is estimated at 1.32 trillion barrels. This is only slightly
lower than the estimated 1.53 trillion barrels for the adjacent
Piceance Basin, Colorado, to the east, which is thought to be
the richest oil shale deposit in the world. However, the area
underlain by oil shale in the Uinta Basin is much larger than
that of the Piceance Basin—3,834 mi? vs. 1,335 mi*—and the
average gallons per ton and barrels per acre values for each
of the assessed oil shale zones are significantly lower in the

depocenter in the Uinta Basin when compared to the Piceance.

These relations indicate that the oil shale resources in the
Uinta Basin are of lower grade and are more dispersed than
the oil shale resources of the Piceance Basin.

Introduction

This report presents an in-place assessment of the oil
shale resources of the Eocene Green River Formation in the
Uinta Basin of eastern Utah and western Colorado (fig. 1),
regardless of grade. The Uinta Basin is one of three large
structural and sedimentary basins that contain vast amounts
of oil shale resources in the Green River Formation of Eocene
age. The other two basins, the Piceance Basin of western
Colorado, and the Greater Green River Basin of southwestern
Wyoming, northwestern Colorado, and northeastern Utah
also contain large resources of oil shale in the Green River
Formation (fig. 2), and the in-place resources of these two
basins are assessed separately (Johnson and others, 2010).
For the moment, no minimum limit of grade (that is richness)

was set. Only those oil shale resources at depths of 6,000 ft

or less were assessed, as it is unlikely that resources deeper
than 6,000 ft will ever be developed. If a breakthrough occurs,
and oil shale deeper than 6,000 ft can be developed, these
resources can easily be calculated at some future date.

This assessment is based on oil-yield values in gallons
per ton (GPT) from four sources (1) Fischer assayed samples
from core holes specifically cored to assess oil shale, (2)
Fischer assayed cuttings from oil and gas tests, (3) Fischer
assayed surface samples, and (4) estimated oil yields from sur-
face samples. Core yields the most reliable results, as the sam-
ples are fresh and there is little possibility of contamination.
Typically, core is sampled and assayed at about 1-ft intervals.
Cuttings data are less reliable, so in their recent assessment of
in-place oil shale resources of the Piceance Basin, Johnson and
others (2010) used only data from core holes in their calcula-
tions because of the abundance of core data. Core data for the
Uinta Basin is sparse and confined largely to the easternmost
part of the basin, which contains most of the rich oil shale
at depths favorable to development, therefore it was decided
that the cuttings data deemed most reliable would be used in
this assessment. Cuttings from oil and gas tests are generally
sampled every 10 ft, but sample intervals of as much as 50 ft
to 100 ft are not uncommon. Results from cuttings are less
precise than results from core, and there is the ever-present
possibility of contamination from uphole caving. To minimize
these effects, we used only cuttings data from oil and gas tests
in which the sample collection interval is no greater than 10 ft,
missing intervals are minimal, and the characteristic pattern of
rich and lean zones, established from core results, are clearly
delineated on plots showing variations in oil yield with depth
(oil-yield histograms). It will be demonstrated in this report
that if the above criteria are adhered to, cuttings data give
predictable results when compared to nearby core holes with
somewhat lower oil yields for rich oil shale zones and higher
values for lean zones. We did not try to calculate oil-yield
values from sonic and density logs, as Vanden Berg (2008)
did in his recent assessment of the richest oil shale intervals in
the Uinta Basin, in part because (1) we did not have digitized
logs needed nor sufficient time to acquire and evaluate them
within the two-year time frame that was scheduled for assess-
ing all three basins (Uinta, Piceance, Green River), and (2) the
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(Uinta and Piceance Assessment Team, 2003). Extent of the Greater Green River Basin is the same as the Southwest Wyoming
Province boundary (Southwest Wyoming Province Assessment Team, 2005). For the extent of oil shale in the Piceance Basin, the
base of the Parachute Creek Member as mapped by Tweto (1979) was used for all but the northwest part of the basin where the
base of the lower member of the Green River Formation is used. For the extent of oil shale in the eastern part of the Uinta Basin,
the base of the Parachute Creek Member of the Green River Formation as mapped by Cashion (1973) and Rowley and others
(1985) was used. In the western part of the basin the top of the Mahogany bed as mapped by Witkind (1995) was used. In the
northern part of the Uinta Basin, only those areas where oil shale is at a depth of 6,000 ft or less are shown, based on a structure
contour map of the top of the Mahogany oil shale bed compiled by Johnson and Roberts (2003a). For the Sand Wash, Washakie,
and Great Divide Basins and southeastern part of the Green River Basin, the base of the Tipton Shale Member as mapped by
Tweto (1979) and Love and Christiansen (1985) was used as the extent of oil shale. For the western part of the Green River Basin,
the base of the Wilkins Peak Member of the Green River Formation, and for the northern part of the Green River Basin, the base
of the Laney Shale Member of the Green River Formation as mapped by Love and Christiansen (1985) was used. Location of
cross section in figure 5 shown in red.
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cuttings data appeared to give reasonable results and were of a
quality that could be used for assessment purposes. In addi-
tion, Vanden Berg (2008) found that the correlation between
geophysical log-derived oil-yield estimates and results from
Fischer assay analysis from the same core hole were quite
poor—correlation coefficients of about 0.7 for density logs
and 0.6 for sonic logs for his best core holes (Vanden Berg,
2008, p. 4). Core and cuttings oil-yield data are from Dyni
(Dyni and others, 2006; Vanden Berg and others, 2006).

Assays of surface samples are also problematic, as
Guthrie (1938, p. 99) showed that weathered surface samples
can give significantly lower assay results than nearby samples
taken at a depth of 2 ft. According to Cashion (1967, p. 25)
estimated oil yields from surface samples can give moderately
accurate results when sampling is done by an experienced
investigator but should only be used if data are not available.
Again, we decided to use some of Cashion’s (1967) data from
the extreme southern margin of the basin because more reli-
able data were not available. These data were useful mainly
in constraining oil-yield trends toward the south margin of the
basin, and it is unlikely that the sparse oil shale resources pres-
ent in this area will ever be commercially developed. We did
not attempt to estimate oil yields from surface samples our-
selves. Locations of Cashion’s (1967) measured sections were
replotted in Google Earth to obtain latitudes and longitudes.

The Fischer assay method is a standardized laboratory
test for determining the oil yield from oil shale, and has been
almost universally used to determine oil yields for Green
River Formation oil shales (Stanfield and Frost, 1949; ASTM,
1984). The Fischer assay standard method consists of heating
a crushed and screened (—8 mesh (2.38-mm mesh)) 100-gm
sample in a small aluminum retort to 500°C at a rate of 12°C/
min and then held at that temperature for 40 min. The volatile
vapors of shale oil, gas, and water pass through a condenser
cooled with ice water (about 5°C) and collected in a gradu-
ated centrifuge tube. The oil and water are then separated by
centrifuge and weighed. The quantities reported in the original
sample are the weight percentages of shale oil, water, shale
residue (containing carbon char), and “gas plus loss” (non-
condensable gas yield). The specific gravity of the shale oil is
measured and used to calculate the oil yield in gallons per ton
(GPT).

The Fischer assay method does not determine the total
amount of hydrocarbons in an oil shale sample nor does it
measure the amount or composition of the gases released
during the heating of the sample. These gases—chiefly light
hydrocarbons, hydrogen, and carbon dioxide—are reported as
the “gas plus loss.”

Fischer assay does not necessarily measure the maxi-
mum amount of oil that an oil shale can produce, and there
are retorting methods that yield more than Fischer assay
(see Dyni, 2003, p. 195-196 for a discussion of methods to
determine oil yields). However, the oil yields achieved by
other technologies are typically reported as a percentage of the
Fischer assay oil yield, and thus Fischer assay is still consid-
ered the standard by which other methods are compared.

There have been considerable advances in computational
power and computer programming since the last assessments
were published, and this current assessment tries to take full
advantage of these improvements. Pitman and others (1989)
used geostatistical interpolation by kriging in part to generate
resource maps and resource numbers for the Piceance Basin.
However, kriging requires an understanding of advanced
statistical concepts and tools, and unreliable results can be
obtained if kriging is not done correctly. Pitman and oth-
ers (1989) found that kriging gave good results in areas with
large numbers of control points, but calculated unreasonable
resource numbers with large error limits in areas with little
control; consequently, they resorted to hand-contouring and
hand-calculating resources in these areas. In this assessment,
we tried two extrapolation methods for spatial interpolation—
the Radial Basis Function (RBF) method, and the Inverse Dis-
tance Weighted (IDW) method. Although both methods gave
similar results, we selected the RBF method because it has
been shown to give comparable results to those from kriging
(Rusu and Rusu, 2006). For example, in a recent assessment of
the in-place oil shale resources in the Piceance Basin, Johnson
and others (2010) compared the results using the RBF method
with those from kriging for the same set of data points used in
the previous assessment and determined that the two methods
calculated similar resource numbers.

All of the Fischer assay data, location data, and oil shale
zone tops file have been assembled into one Microsoft Access
database (see Mercier and others, Chapter 3, this CD-ROM).
Due to the number of data records (approximately one-half
million) and the complexity of the spatial data involved in the
assessment, Microsoft Access database management software
and ESRI’s ArcGIS software were used to combine, store,
and analyze the raw data. The ability to create custom forms
in Access was a crucial element in the assessment methodol-
ogy, as it allowed project staff to write Visual Basic scripts
and SQL statements to filter subsets of the data and perform
the necessary calculations using Access form controls. The
public benefits from this process, as the original forms used to
calculate resources also serve as the end-user interface to view
the raw data in a more simplified and meaningful manner.
After resources were calculated for each, the resultant Access
tables were linked seamlessly with ESRI’s ArcGIS software
to model, extrapolate, and quantify the data spatially. The end
product is a large database of tables (spreadsheets), forms to
view the data, and a series of maps quantifying the results
of the resource calculations. A complete description of how
to use this database is presented in Mercier (Chapter 4, this
CD-ROM).

This assessment does not attempt to estimate the amount
of oil that is economically recoverable, largely because there
has not been an economic method developed to recover oil
from Green River oil shale. In a recent report published by the
RAND Corp. concerning the prospects for oil shale develop-
ment in the United States, Bartis and others (2005, p. 5) stated
that: “Usually, estimates of recoverable resources are based on
an analysis of the portion of the resources in place that can be
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economically exploited with available technology. Because oil
shale production has not been profitable in the United States,
such estimates do not yield useful information. Instead, calcu-
lations of recoverable (oil shale) resources have generally been
based on rough estimates of the fraction of the resources in
place that can be accessed and recovered, considering mining
methods and processing losses.”

Previous estimates of the amount of oil shale that is
technically recoverable without considering economics are 45
percent (Taylor, 1987) and from 55 to 75 percent (Prien, 1974)
of the oil-in-place using room-and-pillar mining methods,
whereas estimates of technically recoverable resource using
open-pit mining are as much as 80 percent of the oil-in-place
(Taylor, 1987). At present, there are no estimates of the percent
of the resource that could be recovered using the in-situ meth-
ods that are currently being developed; however, Taylor (1987)
stressed that the amount of oil that can be recovered from any
in-situ process depends on both the percent of oil that can be
recovered from within the retort compartment, and the amount
of oil left behind in the areas between compartments.

Although total volumes of recoverable shale oil cannot
be estimated at present, one of the goals of our study is to lay
the groundwork so that estimates of economically recoverable
shale oil can be made in the future once suitable extraction
methods are developed. For example, Mercier (Chapter 6,
this CD-ROM) calculated cubic meters of overburden on the
Mahogany oil shale zone throughout the Uinta Basin. These
calculations can be compared with estimates of in-place oil to
generate “‘strip ratio” maps for strip mining the oil shale.
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Stratigraphy of the Green River
Formation and Definition of the Rich
and Lean Zones in the 0il Shale
Section

The Eocene Green River Formation of the Uinta Basin
was deposited in Lake Uinta, a large internally drained lake
that extended across much of the Uinta and Piceance Basins
and the intervening Douglas Creek arch, (pl. 1). Lake Uinta

formed when two much smaller freshwater lakes, one in the
Uinta Basin and the other in the Piceance Basin, coalesced
across the Douglas Creek arch to form one large lake during a
major transgression called the Long Point transgression (pl. 1)
(Johnson, 1985). The Douglas Creek arch was an area with
relatively low subsidence rates throughout the Paleocene and
Eocene, as all isopach maps for rocks deposited during this
time interval show a thinning towards the crest of the arch
(Johnson and Finn, 1986). Figure 3 is an isopach map of the
stratigraphic interval from the base of the Long Point bed to
the top of the Mahogany bed, a widespread, rich oil shale bed
deposited relatively late in the history of Lake Uinta, and it
shows a thickening away from the crest of the arch and toward
the west-northwest in the general direction of the Sevier
orogenic belt west of the Uinta Basin (fig. 3). Interestingly, the
richest oil shale section in the Uinta Basin is in the northeast
corner of the basin, in an area of comparatively low subsid-
ence rates.

Although this newly enlarged lake started out as fresh
water, salinity increased through time (Johnson, 1985), and
ultimately vast quantities of halite and the potentially valuable
sodium bicarbonate mineral nahcolite (NaHCO,) were
deposited along with many other minerals such as dawsonite
(NaAI(OH,CO,), eitelite (Na,CO,-MgCO,), and shortite
(Na,Ca, (CO,),) (for a summary, see Dyni, 1996). Nahcolite is
used as a raw material in the manufacture of a variety of basic
industrial chemicals and as an agent in the removal of sulfur
dioxide from power-plant emissions; it is presently being
solution-mined in the Piceance Basin. Saline mineral deposi-
tion was confined to the depocenter in the Piceance Basin
throughout much of the history of Lake Uinta, and only shifted
to the Uinta Basin late in the history of Lake Uinta after the
Piceance depocenter had been filled with volcaniclastic sedi-
ments from the north. Dyni (1996) believed that there was a
net flow of water from the Uinta Basin across the Douglas
Creek arch and into the Piceance Basin, thus confining saline
mineral deposition to the Piceance Basin prior to infilling
(fig. 4).

The Green River Formation has been subdivided vari-
ously into (1) members based on lithology, (2) stages based on
the evolution of the lake, and (3) rich and lean oil shale zones
representing approximately time-stratigraphic intervals of
alternating high-organic productivity and low-organic produc-
tivity (pl. 1; fig. 5). Each of these will be discussed briefly.

Four of the members of the Green River Formation—the
Parachute Creek, Douglas Creek, Garden Gulch, and Evacu-
ation Creek—were originally defined by Bradley (1931),
who recognized them in both the Uinta and Piceance Basins
thereby reinforcing the concept that Lake Uinta was a single
unbroken lake spanning the two basins and the intervening
Douglas Creek arch throughout much of its history (pl. 1).
The name Evacuation Creek was later abandoned (Cashion
and Donnell, 1974), as it was determined to be lithologi-
cally and stratigraphically equivalent to the upper part of the
Parachute Creek Member. In the oil shale section deposited
in the offshore areas of the lake, the name Garden Gulch
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the Mahogany oil shale bed of the Eocene Green River Formation. Contour interval 250 ft. (From Johnson and Roberts, 2003a).
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Figure 4. Model for the deposition of nahcolite and halite indicating a net flow of lake water out of the Uinta Basin and into the Piceance Basin. Modified from

Dyni (1987, his fig. 12).
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Stratigraphic nomenclature for U-53 Cc0172 CO0195

oil shale zones from Donnell and Blair Skyline Oil Co., Watson 1A Shell Oil Co., 23X-10, Arco-Mobil-Equity,
(1970), Cashion and Donnell (1972), Sec. 5, T.11S.,R. 25 E. Sec10,T.7S.,R. 97 W. Figure Four 31-1
Donnell (2008); stages from Johnson (1985) Sec 31, T.3S.,R. 98 W.
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Member is generally applied to the illitic oil shales that were
deposited in the early history of Lake Uinta, and the name
Parachute Creek Member is applied to the dolomitic oil shales
deposited later. The name Douglas Creek Member is applied
to marginal lacustrine rocks along the east and south margins
of the Uinta Basin (Bradley, 1931; Cashion, 1967). The name
Uinta Formation is applied to a sequence of sandstones and
siltstones containing abundant volcanic debris that interfingers
with the upper part of the Green River Formation (Dane, 1954;
Cashion and Donnell, 1974). Although Bradley (1931, his pl.
8) applied the name Garden Gulch Member to strata in the
easternmost part of the Uinta Basin, subsequent mapping in
the Uinta Basin did not recognize the member (for example,
see Cashion, 1977; 1978; 1986; Pipiringos, 1978), and usage
of the term Garden Gulch Member is now confined to the
Piceance Basin.

Johnson (1985) subdivided the history of Lake Uinta
into five roughly time-stratigraphic periods or stages with
the change from one stage to the next corresponding to a
significant change in conditions in the lake (pl. 1). The first
two stages are equivalent to the illitic oil shales of the Garden
Gulch Member and the last three stages are generally equiva-
lent to the dolomitic oil shales of the Parachute Creek Mem-
ber (fig. 5). The beginning of stage 1 is marked by the initial
transgression of Lake Uinta, the Long Point transgression that
caused two comparatively small freshwater lakes—one in the
Piceance Basin and one in the Uinta Basin—to form one large
lake that spanned the intervening Douglas Creek arch (fig. 6).
The illitic-rich oil shales from this stage that were deposited
in the offshore areas of the lake generally average less than
15 GPT and, because of their great depth and low grade, they
have received little economic interest. These shales, however,
form one of the most widespread units recognized in the Uinta
Basin. The unit is approximately equivalent to the “second
lacustrine phase” in Bradley’s (1931) Indian Canyon section in
the western part of the Uinta Basin. In the subsurface, stage 1
strata extend from the base of the Long Point bed to just above
the carbonate marker, a distinctive marker representing a slight
increase in carbonate content that can be traced throughout
much of the Uinta Basin (Fouch, 1975; Ryder and others,
1976; Johnson, 1985).

Average oil yields increased at the beginning of stage 2
from less than 15 GPT to a maximum of about 27 GPT, with
thin beds averaging nearly 60 GPT. This increase is more diffi-
cult to detect in the Uinta Basin because wedges of sandstone,
siltstone, and mudstone are common in the interval deposited
at that time (fig. 5) and because they are rarely cored and
assayed. Stage 2 strata can be detected in a few of the deeper
oil shale core holes in the eastern part of the basin (fig. 5).

A gradual shift from illitic-rich to carbonate-rich oil
shales occurred at the beginning of stage 3 (fig. 5), and for
the first time nahcolite was deposited in the central part of the
Piceance Basin to the east. As previously discussed, nahcolite
was not deposited in the Uinta Basin part of Lake Uinta until
much later. Nahcolite is disseminated in oil shale as aggregates
and as beds (Dyni, 1974; 1981; Brownfield and others, 2010).

Bedded nahcolite grades laterally into halite beds toward the
middle of the saline depocenter. All oil shales deposited after
the beginning of stage 3 are carbonate rich with dolomite
being the dominant carbonate (Robb and Smith, 1974).

Stage 4 began with a relatively minor transgression,
represented by the base of the R-4 zone (fig. 5, pl. 1) that may
have been caused by increased outflow from Lake Gosiute
in the Greater Green River Basin into Lake Uinta (Johnson,
1985; 2007). The transgression at the start of stage 5 is repre-
sented by the base of the Mahogany oil shale zone (Mahogany
ledge where exposed) (fig. 5, pl. 1). The Mahogany zone
(ledge) is the most widely distributed and easily recognized oil
shale zone in both the Uinta and Piceance Basins (pl. 1). This
transgression was almost certainly related to increased outflow
from Lake Gosuite, as volcaniclastic sediments thought to
be derived from the Absaroka volcanic field in northwest-
ern Wyoming reached the north margin of Lake Uinta in the
northern part of the Piceance Basin shortly after maximum
transgression (Surdam and Stanley, 1980). These volcaniclas-
tic sediments could only have reached Lake Uinta once Lake
Gosiute was largely filled, as prior to its infilling Lake Gosiute
would have acted as a sediment sink. The volcaniclastic sedi-
ments gradually filled the Piceance Basin part of Lake Uinta
thus ending oil shale deposition there and shifting saline min-
eral deposition to the Uinta Basin (Johnson, 1985). A saline
zone as much as 900 ft thick containing nahcolite, shortite, and
abundant saline mineral cavities was deposited in the Uinta
Basin after the saline depocenter in the Piceance Basin was
filled (Dane, 1955; Brownfield, Chapter 2, this CD-ROM).

Individual rich and lean zones can be easily and accu-
rately correlated because oil shale beds and oil shale intervals
can be traced large distances in the Uinta and Piceance Basins.
The resulting stratigraphic framework forms the basis of this
in-place oil-resource assessment as well as previous assess-
ments in the Piceance Basin to the east (Pitman and Johnson,
1978; Pitman, 1979; and Pitman and others, 1989; Johnson
and others, 2010). It allows the 18 individual oil shale zones
(fig. 5) to be assessed separately thus giving a fairly detailed
picture of how oil yields vary throughout the Uinta Basin.
Bradley (1931) traced the rich Mahogany ledge throughout
most of the Piceance and Uinta Basins (fig. 5). Much of the oil
shale displays fine laminations or “varves” (fig. 7) that have
been attributed by many workers to seasonal variations in the
amounts of organic matter and mineral matter settling on the
bottom of the lake (see for example: Bradley, 1931).

Trudell and others (1970) correlated individual oil
shale beds throughout the central part of the Piceance Basin.
Cashion and Donnell (1972) recognized that the entire
Parachute Creek Member and Garden Gulch Member in the
Piceance Basin could be subdivided into a sequence of oil-
rich zones (R-0 through R-6 zones) and oil-lean zones (L-0
through L-5 zones) (fig. 5). The lower zones, from the L-0
zone through the L-1 zone, are clay rich and contain little
carbonate; they form the Garden Gulch Member. All zones
above the L-1 zone are dolomitic and form the Parachute
Creek Member. Units above the R-6 zone are, (in ascending
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Figure 7. Typical sample of oil shale from the Parachute Creek Member of the
Eocene Green River Formation displaying organic-rich (dark brown) and organic-lean
layers (white).

order); the B-groove, a lean zone; the Mahogany ledge, the
richest oil shale zone in the basin; and the A-groove, another
lean zone (fig. 5). On a finer scale, many individual rich and
lean beds within each rich and lean zone can be traced for
considerable distances as well. All of these oil shale zones
grade into marginal lacustrine rocks toward the margins of the
basin, and their marginal equivalents are difficult to identify.
Johnson and others (1988) were able to trace some of the rich
and lean zones into their marginal lacustrine equivalents along
the eastern margin of the Uinta Basin and western margin of
the Piceance Basin.

Cashion and Donnell (1972) also traced R-4 and younger
oil shale zones into the eastern part of the Uinta Basin (fig. 5),
and Johnson (1985, 1989) subsequently traced them into the
western part (pl. 1). The interval above the A-groove is one of
the easiest intervals to correlate in the two basins, and Don-
nell (2008) correlated many individual beds over wide areas
(fig. 8). All of these oil shale beds and oil shale zones appear
to closely represent time-stratigraphic units representing
changing rates of organic matter production and preservation
that occurred simultaneously throughout Lake Uinta.

Oil shale zones below the R-4 zone are difficult to trace
in the Uinta Basin because they are leaner than in the Piceance
Basin, and many are thin (fig. 5). Johnson (1989) traced the

R-0, R-1, and L-0 zones throughout much of the eastern two-
thirds of the Uinta Basin, but correlations were problematic in
the western one-third of the basin. The R-2 through L-3 zones
were traced into a 150- to 250-ft-thick interval, but Johnson
(1989) did not try to distinguish the individual zones in that
interval. These individual zones are traced here in a limited
area of the easternmost part of the Uinta Basin where the
zones could be identified in core holes and traced into nearby
rotary holes.

The entire Green River Formation below the Mahogany
zone becomes interbedded with clastic wedges of sandstone,
siltstone, and mudstone toward the southern part of the basin,
dividing the oil shale interval into thin, discrete oil shale inter-
vals separated by intervals of barren rock that thicken toward
the south (fig. 9). Ultimately, these discrete oil shale intervals
grade into marginal lacustrine and fluvial rocks toward the
south margin of the basin, and the individual oil shale zones
can no longer be identified. The R-0 zone, a part of stage 1 of
Lake Uinta discussed earlier (fig. 5), can be identified much
farther to the south than any other oil shale zone below the
Mahogany zone. The carbonate marker comprises the upper
part of the R-0 zone in the Uinta Basin and is equivalent to
the orange marker in the Piceance Basin (Johnson, 1985). The
Mahogany zone becomes split by clastic wedges toward the
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Figure 8. Cross section
showing correlation of
individual oil shale beds
(numbered 2-76) in the
upper part of the Eocene
Green River Formation
between the eastern Uinta
Basin and southern part of
the Piceance Basin. Groups
of beds form named tongues
(indicated by stratigraphic
unit symbols) in the
Piceance Basin. These
tongues have not been
identified in the Uinta Basin.
Modified from Donnell
(2008). Abbreviations used:
A, base of A-groove; Tggc,
Marlstone at Greasewood
Creek; Tgtc, Marlstone

at Trail Canyon; Tgm,
Marlstone at Mare Canyon;
Tay, Yellow Creek Tongue;
Tad, Dry Fork Tongue; Tgt,
Thirteenmile Creek Tongue;
Tgb, Black Sulfur Tongue;
Tgc, Cough’s Creek Tongue;
Tgs, Stewart Gulch Tongue;
Tgsl, Tgi, Marlstone at
Barnes Ridge and Marder
bed at Bull Fork; Tgsk,
Marlstone at Skinner Ridge.
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Figure 9. Parachute Creek Member of the Green River Formation along Evacuation
Creek in the easternmost part of the Uinta Basin. The Mahogany ledge forms the cliff near
the top of the outcrop. The rust bands are sandstone and siltstone wedges that split the
oil shale section below the Mahogany ledge in the Uinta Basin. The wedges generally
thicken toward the south. For a detailed measured section at this locality see Johnson
and others (1988, sheet 2, Evacuation Creek section).

south margin of the basin as well, with only the Mahogany
bed, the richest bed in the zone, still present there.
Volcaniclastic sediments sourced from the Absaroka
volcanic field in northwestern Wyoming began to enter the
northern part of the Piceance Basin to the east during deposi-
tion of the Mahogany zone, causing major changes to Lake
Uinta. These volcaniclastic sediments prograded from north
to south across the Piceance Basin part of the lake, gradually
filling in most if not all of that part of the lake including the oil
shale and saline mineral depocenter in the north-central part
of the basin (fig. 10) (Johnson, 1981; 1985; Donnell, 2008).
Volcaniclastics spilled over into the northeastern part of the
Uinta Basin, filling in that part of Lake Uinta as well. How-
ever, volcaniclastic sedimentation largely ceased before the
remainder of Lake Uinta in the Uinta Basin was entirely filled
in, and Lake Uinta persisted in the central and western parts of
that basin for a considerable period of time after the Piceance
Basin part of the lake was filled with sediments. Nahcolite and
halite deposition was confined to the Piceance Basin part of
Lake Uinta prior to the period of infilling with volcaniclastics
that started with deposition of the Mahogany zone. Lake Uinta
appears to have remained a saline lake until it was filled later
in Eocene time, as significant deposits of nahcolite, shortite,

and halite are present in strata from this depositional period
in the Uinta Basin (Dane, 1955; Dyni, 1996; Brownfield,
Chapter 2, this CD-ROM).

The infilling of the Piceance Basin part of Lake Uinta
took a considerable period of time, as indicated by the 325 ft
of laminated oil shale that was deposited in the southern part
of the lake between the arrival of the first tongue of volcani-
clastics to the northern part of the lake and the arrival of the
first tongue in the sourthern part of the lake (fig. 10). This
clastic unit, named the Porcupine Creek tuff in the Piceance
Basin and either the Porcupine Creek tuff or the Horse Bench
Sandstone Bed of the Parachute Creek Member in the Uinta
Basin, can be traced throughout the southern part of the
Piceance Basin and most of the Uinta Basin (Dane, 1955).
Because of the general lack of volcaniclastics, the interval
from the top of the Mahogany zone to the Porcupine Creek
tuff-Horse Bench Sandstone Bed in the Uinta Basin consists
of nearly continuous oil shale and contains significant oil shale
resources (Trudell and others, 1983; Vanden Berg, 2008). In
the Piceance Basin, in contrast, this interval is broken up by
northward thickening wedges of volcaniclastics and contains
significant oil shale resources only in the southern part of the
basin (Johnson and others, 2010).
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Figure 10. North to south stratigraphic cross section in the Piceance Basin showing intertonguing between the Green River Formation above the Mahogany zone
(blue) and volcaniclastic rocks of the Uinta Formation (yellow). Datum is top of the Mahogany oil shale bed. The volcaniclastics probably came from the Absaroka
volcanic field in northwestern Wyoming and ultimately filled the Piceance Basin part of Lake Uinta (Johnson, 1981; 1985; Donnell, 2008). The volcaniclastics also
spilled over into the eastern part of the Uinta Basin. Modified from Donnell (2008). Abbreviations used: MB, Mahogany bed; A, base of A-groove; Tggc, Marlstone
at Greasewood Creek; Tgtc, Marlstone at Trail Canyon; Tgm, Marlstone at Mare Canyon; Tgy, Yellow Creek Tongue; Tgd, Dry Fork Tongue; Tgt, Thirteenmile Creek
Tongue; Tgb, Black Sulfur Tongue; Tgc, Cough'’s Creek Tongue; Tgs, Stewart Gulch Tongue; Tgsl, Tgi, Marlstone at Barnes Ridge and Marder bed at Bull Fork; Tgsk,
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Previous Assessments

There have been several partial assessments of oil shale
in the Uinta Basin in the past (Cashion, 1967; Trudell and
others, 1983; Dyni and others, 1991; Vanden Berg, 2008).
Cashion (1967) estimated the oil shale resources in a limited
area of the eastern and southeastern parts of the Uinta Basin
using oil-yield data from 39 core holes, 18 rotary holes, and
some assay results and visual estimates of oil yields from oil
shale outcrops if no other data was available. Assay data from
weathered outcrop samples can give much lower oil-yield
results than assays from unweathered samples (Guthrie, 1938)
and therefore must be used with caution. Data from a rotary
hole were discarded if according to Cashion (1967, p. 25) the
results “are completely anomalous with those from nearby
control points and with known geology.” Cashion (1967)
subdivided the oil shale deposit into “indicated reserves” and
“inferred reserves,” terms commonly used in assessments
of coal. In coal assessments the term “reserve” indicates
“accessed parts of a coal reserve base which could be eco-
nomically extracted or produced at the time of determination
considering environmental, legal, and technological con-
straints,” whereas the term “resource” is less restrictive and
refers to “naturally occurring concentrations or deposits of
coal in the Earth’s crust, in such forms and amounts that eco-
nomic extraction is currently or “potentially feasible” (Wood
and others, 1983).” It should be noted that Cashion (1967,

p. 24) appears to use the two terms “reserves” and “resources”
interchangeably when he states “Because oil-shale deposits

in the United States are not being commercially developed at
present but perhaps will be developed in the future, they can
be considered as potential reserves or resources.” Cashion
(1967, p. 25-26) defined indicated reserves as “approximately
2 miles from an isolated primary control point, or approxi-
mately 2 miles from the outermost primary control points of a
group in which any two adjacent points are less than 6 miles
apart.” Primary control points consisted of Fischer assay
results from core holes and cuttings. Cashion (1967) further
estimated that part of the resource in the Mahogany zone and
adjacent beds that was at least 15 ft thick and averaging 15,
25, and 30 GPT. At the 15, 25, and 30 GPT cutoffs, Cashion’s
estimates indicated oil shale resources at 27.6, 13.16, and 8.4
billion barrels, respectively, and an inferred resource of 26.0,
13.88, and 10.35 billion barrels, respectively.

Trudell and others (1983) estimated a total in-place oil
shale resource for the Green River Formation in the Uinta
Basin east of the Green River (fig. 1), regardless of oil yield.
Trudell and others (1983) used oil-yield data from 80 core
holes and 18 rotary holes, considerably more than was avail-
able when Cashion (1967) did his assessment, and estimated
in-place resources at 214 billion barrels in 7 oil shale zones,
five above the Mahogany zone, the Mahogany zone, and one
below the Mahogany, of which 54.9 billion barrels is in the
Mahogany itself. Of this total, they subdivided the resource
into “measured resource” and “additional resource outside the
measured area.” The area of measured resource for each zone

Previous Assessments 15

varied depending on availability of core data for that particular
zone. Trudell and others (1983) then estimated a total of 153.1
billion barrels of oil in place within the measured areas and 61
billion barrels of oil in place outside the measured areas. The
single zone assessed below the Mahogany zone consists of the
upper rich part of the R-6 oil shale zone as defined by Cashion
and Donnell (1972).

Dyni and others (1991) estimated that part of the in-place
oil shale resources of the Mahogany zone, in the eastern part
of the Uinta Basin, that occur on Utah state lands and within
Federal oil shale lease tracts Ua and Ub, leases that were sold
by the U.S. Government to oil shale companies in the 1970s
for development. They evaluated sonic and density geophysi-
cal logs to estimate oil yields and found that, although a good
relationship could be demonstrated between oil yield and sonic
and density logs at any given core hole, results between dif-
ferent core holes were not comparable (fig. 11). For example
for a density of 2.5 gm/cc oil yields vary from 0 to 23 GPT,
depending on which drill hole is used, whereas at 2.1 gm/cc
oil yields vary from 27 to 52 GPT (fig. 11). They cited differ-
ences in calibration of the logging tools, changes in mineral
composition, variations in porosity, and laboratory bias as pos-
sible reasons. Dyni and others (1991) used oil yields derived
from geophysical log data only when no other data were avail-
able, and assigned it a low level of reliability in their resource
calculation using the geostatistical program kriging.

Vanden Berg (2008) estimated in-place oil shale
resources of various grades in the upper part of the Green
River Formation for the entire Uinta Basin regardless of depth.
Vanden Berg (2008) started at the Mahogany oil shale bed,
generally the richest oil shale bed in the basin, (fig. 5) and
included oil shale intervals above and below the Mahogany
bed until the average yield of the continuous interval was
below the cutoff values of 50, 35, 25, and 15 GPT. According
to Vanden Berg (written commun. Feb. 4, 2009) this determi-
nation was done manually. Vanden Berg (2008, p. 4) did not
use Fischer assay data from cuttings because he considered the
data to be unreliable and typically underestimated oil yields,
but he did use oil-yield estimates from sonic and density logs.
Like Dyni and others (1991), Vanden Berg (2008) compared
oil-yield values from core with the sonic and density geo-
physical logs from those core. He discarded wells with poor
results, ultimately using eight wells from a fairly limited area
in the eastern part of the basin to develop his equations. These
equations were then applied to sonic and density logs through-
out the rest of the basin. Vanden Berg’s (2008) estimates of
in-place oil shale resources were (1) 31 billion barrels (BBL)
for a continuous interval averaging at least 50 GPT, and (2)
76, 147, and 292 BBL for continuous intervals averaging
35, 25, and 15 GPT, respectively. If areas where the interval
is under more than 3,000 ft of cover are eliminated, Vanden
Berg’s (2008) estimates of in-place resources decrease to 26,
61, 111, and 228 BBL for the 50, 35, 25, and 15 GPT grades,
respectively.

In the course of our investigations, we discovered com-
puter programs written in FORTRAN that were constructed in
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the 1970s and 1980s by the U.S. Geological Survey (USGS)
to calculate average GPT and average barrels of oil per acre
(BPA) from analysis for any specified interval in an oil shale
sequence. In addition, some of these programs included special
algorithms to identify the longest sequence in an assayed core
or section that maintained a specified average yield of oil in
GPT. This was done to identify specific intervals thick enough
and rich enough to be potentially mined. The algorithm could
be used, for example, to determine the total amount of oil in
an interval averaging at least 15 ft thick and 15 GPT, or in one
averaging at least 25 ft thick and 25 GPT. The algorithm also
could exclude too much low-grade oil shale in these intervals.
For example, intervals that average less than 10 GPT and were
greater than 10 ft thick could be excluded. However, such
estimates are a critical first step to determining the amount of
oil shale that can be economically mined in underground or
open-pit mines under various scenarios. But such estimates
are less important for in-situ processes that involve retorting
oil shale, which is the favored method being considered today,
as all oil shale in a thick column would be heated and retorted
regardless of grade. These programs were apparently never
used in any of the published assessments of the Uinta Basin.
At the present time, it is unclear what criteria will be important

in assessing recoverable shale-oil resources using the in-situ
extraction methods that are currently being developed. How-
ever, thick intervals consisting of both rich and lean oil shale
will probably be retorted at the same time with the lean zones
contributing some oil to overall production.

Factors Affecting Resource
Calculations

Determining the Volume of Oil in a Given
Volume of Rock

Determining GPT from a Fischer assay is a straight-
forward calculation, as the weight of the original sample is
known and the volume of oil generated is known. However,
the density of the sample prior to retorting has not been rou-
tinely measured, and it is essential that this density be known
in order to calculate the amount of oil present in a prescribed
interval over a prescribed area. Typically in-place oil in the
Green River Formation is given in the rather arcane unit of



barrels of oil per acre (BPA). The method used to convert GPT
into BPA in previous assessments by Pitman and others (1989)
was not discussed in their publication. An equation that com-
putes BPA was recovered with the FORTRAN program that
was used at the time of that previous assessment. The equation
was isolated from the rest of the program, and it appears to
generate reasonable results, however, there was no reference
to where the equation came from and how the many constants
used in the equation were generated, so we preferred not to
use it.

For this report, the determination of oil shale resource
numbers in BPA for the Uinta Basin were generated from
average gallons per ton (GPT) data based on oil-yield analy-
ses from core holes in the basin. Stanfield and others (1954)
reported summary data on volume-weight oil-yield relations
from about 20,500 U.S. Bureau of Mines oil-yield analyses
(table 1). Smith (1956) reported that oil-yield values were
related to the specific gravity of the oil shale. Table 1 contains
original values for oil yield, gallons per ton, and specific grav-
ity; it was regenerated using Microsoft Excel, and the values
for weight of oil shale, volume of oil shale, and oil yield per
unit volume were updated using currently accepted formulas
(table 2). A third-order trendline with a R? value of 0.9998 was
generated comparing oil yield vs. specific gravity (fig. 12). As
the original table contained only integer values for GPT, new
records were inserted to fill in values to one decimal place (0.1
GPT), creating a new look-up table. A linear trend series fill
function in Microsoft Excel 2007 was then used to calculate
specific-gravity values for each 0.1 GPT value for the gallon-
per-ton column. A third-order trendline was then regenerated
comparing new oil yield vs. specific gravity data yielding a R?
value of 0.9997. Values for weight of oil shale, volume of oil
shale, and oil yield per unit volume were then calculated using
the new values for oil yield and specific gravity. The final
look-up table contained records for oil yield (GPT), specific
gravity, and oil yield per unit volume for interval thicknesses
from 1.0 to 80.0 ft.

Shale oil resource numbers in BPA were calculated using
the formula: oil shale interval thickness *43,560 (ft¥ acre) *oil
yield per unit volume (from the final look-up table, containing
values on a 0.1 GPT basis / 42 (gals/barrel of oil)).

Discrepancies Between Fischer Assay Results
from Cuttings and Core

Results from cuttings are less precise than results from
core because of the longer sample interval and ever-present
possibility of contamination from uphole caving. Nonetheless,
we decided to use some cuttings data here because of the scar-
city of core data in many parts of the basin. Only cuttings data
from oil and gas tests in which the sample-collection interval
is no greater than 10 ft, missing intervals are minimal, and the
characteristic pattern of rich and lean zones, established from
results, are clearly delineated on plots showing variations in
oil yield with depth. Table 3 compares the estimated oil yield
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in GPT for rotary holes that comply with the above-mentioned
criteria and nearby core holes. Paired rotary holes and core
holes can be as much as 3 miles apart. In general, oil-yield
results from cuttings are lower for rich zones and higher for
lean zones when compared to results from nearby core holes.
This pattern is most pronounced for the lean A- and B-grooves
for which the cuttings data is 179 and 147 percent of the core
data. Contamination by uphole cavings is the likely explana-
tion for this pattern as it would tend to mute the oil-yield dif-
ferences between rich and lean zones with the thin lean zones
being most affected. For the thick rich zones, the R-4, R-6,
Mahogany, Bed 44 to top of A-groove, and Bed 76 to Bed 44,
cuttings results are 87, 83, 81, 90, and 88 percent respectively
of the results from nearby core holes. For the lean zones, the
L-4 and L-5 zones, cuttings results are 108 and 112 percent
of the results from nearby core holes. These results indicate
that our estimates of in-place oil in areas of the basin where
only cuttings data are available are (1) from 10 to 20 percent
too low for the five rich zones listed above, (2) as much as 10
percent too high for L-4 and L-5 zones, and (3) much too high
for A- and B-groove. We did not apply any correction factors
to the cuttings data for this assessment.

Unreasonably High Qil-Yield Values from
Cuttings

In a few cases, results from a particular rotary hole
appeared to give unreasonably high oil-yield values as com-
pared to nearby holes or regional oil-yield trends. Although
it is unclear why these rotary holes gave anomalous oil-yield
values, such holes were not included in our resource calcula-
tions. One possibility for the anomalies was that the cuttings
were high graded prior to assaying by removing sandstone and
siltstone chips on the assumption the chips were cavings from
above rather than being interbedded with the oil shale.

Discrepancies Between Tops Picked from
Geophysical Logs and Those from Cuttings Data

For this assessment, the tops for rich and lean zones for
rotary holes were determined two ways (1) from geophysi-
cal logs, such as electric logs and sonic logs; and (2) from
cuttings. The signature of each oil shale zone would typically
form a distinctive pattern on both geophysical logs and in
results that generally changed only gradually across the basin.
However, when the tops picked from these two methods are
compared, there is commonly a discrepancy, which results
from the well-site geologist being unable to compensate
exactly for the time delay between when a particular interval
is penetrated in the borehole and when the cuttings from that
interval reach the surface. For this assessment we used the
tops of the rich and lean zones as determined from the cut-
tings. Using tops from geophysical logs would have adversely
affected the accuracy of the assessments of individual zones.



18 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

Table 1. Original volume-weight, oil-yield relationships of Green River Formation oil shale. From Stanfield and others (1954).

[GPT, gallons per ton; lbs/ft}, pounds per cubic foot; ft*/ton, cubic feet per ton; gal/ft®, gallons per cubic foot; gm/cc, grams per cubic centimeter]

Oil yield by Specific gravity of oil Weight of oil shale, Volume of oil shale, Oil yield, per unit
assay, (GPT) shale, (gm/cc) (Ibs/ft?) (f€/ton) volume, (gal/ft®)
1 2.740 170.98 11.70 0.085
2 2.715 169.42 11.80 0.169
3 2.690 167.86 11.91 0.252
4 2.655 166.30 12.03 0.333
5 2.640 164.74 12.14 0.412
6 2.618 163.36 12.24 0.490
7 2.596 161.98 12.35 0.567
8 2.574 160.61 12.45 0.642
9 2.552 159.24 12.56 0.716
10 2.530 157.87 12.67 0.789
11 2.508 156.49 12.78 0.860
12 2.486 155.12 12.89 0.930
13 2.464 153.75 13.01 0.999
14 2.442 152.38 13.13 1.067
15 2.420 151.01 13.24 1.133
16 2.400 149.76 13.35 1.198
17 2.380 148.51 13.47 1.262
18 2.360 147.26 13.58 1.325
19 2.340 146.02 13.70 1.387
20 2.320 144.77 13.80 1.448
21 2.302 143.64 13.92 1.508
22 2.284 142.52 14.03 1.567
23 2.266 141.40 14.14 1.625
24 2.248 140.78 14.26 1.683
25 2.230 139.15 14.37 1.740
26 2.216 138.28 14.46 1.797
27 2.202 137.40 14.56 1.854
28 2.188 136.53 14.65 1.910
29 2.174 135.66 14.74 1.966
30 2.160 134.78 14.83 2.022
31 2.147 133.97 14.92 2.077
32 2.134 133.16 15.02 2.131
33 2.121 132.35 15.11 2.184
34 2.108 131.54 15.20 2.236
35 2.093 130.73 15.30 2.288
36 2.082 129.92 15.44 2.339
37 2.069 129.11 15.49 2.389
38 2.056 128.29 15.59 2.438
39 2.043 127.48 15.69 2.486
40 2.030 126.67 15.79 2.534
41 2.018 125.92 15.88 2.581
42 2.006 125.17 15.98 2.628
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Table 1. Original volume-weight, oil-yield relationships of Green River Formation oil shale. From Stanfield and others
(1954).—Continued

[GPT, gallons per ton; lbs/ft}, pounds per cubic foot; ft*/ton, cubic feet per ton; gal/ft®, gallons per cubic foot; gm/cc, grams per cubic centimeter]

Oil yield by Specific gravity of oil Weight of oil shale, Volume of oil shale, Oil yield, per unit
assay, (GPT) shale, (gm/cc) (Ibs/ft?) (f€/ton) volume, (gal/ft®)
43 1.994 124.43 16.07 2.674
44 1.982 123.68 16.17 2.720
45 1.970 122.93 16.27 2.766
46 1.959 122.24 16.36 2.811
47 1.948 121.56 16.45 2.856
48 1.937 120.87 16.55 2.901
49 1.926 120.18 16.64 2.945
50 1.915 119.50 16.74 2.938
51 1.904 118.81 16.83 3.030
52 1.893 118.12 16.93 3.071
53 1.882 117.44 17.03 3.112
54 1.871 116.79 17.12 3.152
55 1.860 116.06 17.23 3.192
56 1.849 115.38 17.33 3.231
57 1.838 114.69 17.44 3.269
58 1.827 114.00 17.54 3.306
59 1.816 113.32 17.65 3.343
60 1.805 112.63 17.76 3.379
61 1.794 111.95 17.87 3.414
62 1.783 111.26 17.98 3.449
63 1.772 110.57 18.09 3.483
64 1.761 109.89 18.20 3.516
65 1.750 109.20 18.32 3.549
66 1.740 108.58 18.42 3.582
67 1.730 107.95 18.53 3.615
68 1.720 107.33 18.63 3.648
69 1.710 106.70 18.74 3.681
70 1.700 106.08 18.85 3.713
71 1.690 105.46 18.96 3.744
72 1.680 104.83 19.08 3.774
73 1.670 104.21 19.19 3.804
74 1.660 103.58 19.31 3.833
75 1.650 102.96 19.43 3.861
76 1.640 102.34 19.54 3.889
77 1.630 101.71 19.66 3.916
78 1.620 101.09 19.78 3.943
79 1.610 100.46 19.91 3.969
80 1.600 99.84 20.03 3.994

90 1.500 93.75 21.33 4.219
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Table 2. Recalculated volume-weight, oil-yield relationships for Green River Formation oil shale. From Stanfield and others (1954).

[GPT, gallons per ton; lbs/ft}, pounds per cubic foot; ft*/ton, cubic feet per ton; gal/ft®, gallons per cubic foot; gm/cc, grams per cubic centimeter]

0Oil yield by assay, Specific gravity of oil Weight of oil shale, Volume of oil shale, 0Oil yield, per unit
(GPT) shale, (gm/cc) (Ibs/ft?) (ft3/ton) volume, (gal/ft®)
1 2.740 171.06 11.69 0.086
2 2.715 169.50 11.80 0.169
3 2.690 167.94 11.91 0.252
4 2.655 165.75 12.07 0.332
5 2.640 164.82 12.13 0.412
6 2.618 163.44 12.24 0.490
7 2.596 162.07 12.34 0.567
8 2.574 160.69 12.45 0.643
9 2.552 159.32 12.55 0.717
10 2.530 157.95 12.66 0.790
11 2.508 156.57 12.77 0.861
12 2.486 155.20 12.89 0.931
13 2.464 153.83 13.00 1.000
14 2.442 152.45 13.12 1.067
15 2.420 151.08 13.24 1.133
16 2.400 149.83 13.35 1.199
17 2.380 148.58 13.46 1.263
18 2.360 147.33 13.57 1.326
19 2.340 146.09 13.69 1.388
20 2.320 144.84 13.81 1.448
21 2.302 143.71 13.92 1.509
22 2.284 142.59 14.03 1.568
23 2.266 141.47 14.14 1.627
24 2.248 140.34 14.25 1.684
25 2.230 139.22 14.37 1.740
26 2.216 138.34 14.46 1.798
27 2.202 137.47 14.55 1.856
28 2.188 136.60 14.64 1.912
29 2.174 135.72 14.74 1.968
30 2.160 134.85 14.83 2.023
31 2.147 134.04 14.92 2.078
32 2.134 133.23 15.01 2.132
33 2.121 132.41 15.10 2.185
34 2.108 131.60 15.20 2.237
35 2.093 130.67 15.31 2.287
36 2.082 129.98 15.39 2.340
37 2.069 129.17 15.48 2.390
38 2.056 128.36 15.58 2.439
39 2.043 127.54 15.68 2.487
40 2.030 126.73 15.78 2.535
41 2.018 125.98 15.88 2.583

2.006 125.23 15.97 2.630
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Table 2. Recalculated volume-weight, oil-yield relationships for Green River Formation oil shale. From Stanfield and others
(1954).—Continued

[GPT, gallons per ton; lbs/ft}, pounds per cubic foot; ft*/ton, cubic feet per ton; gal/ft®, gallons per cubic foot; gm/cc, grams per cubic centimeter]

0Oil yield by assay, Specific gravity of oil Weight of oil shale, Volume of oil shale, 0Oil yield, per unit
(GPT) shale, (gm/cc) (Ibs/ft?) (ft3/ton) volume, (gal/ft)
43 1.994 124.49 16.07 2.676
44 1.982 123.74 16.16 2.722
45 1.970 122.99 16.26 2.767
46 1.959 122.30 16.35 2.813
47 1.948 121.61 16.45 2.858
48 1.937 120.93 16.54 2.902
49 1.926 120.24 16.63 2.946
50 1.915 119.55 16.73 2.989
51 1.904 118.87 16.83 3.031
52 1.893 118.18 16.92 3.073
53 1.882 117.49 17.02 3.114
54 1.871 116.81 17.12 3.154
55 1.860 116.12 17.22 3.193
56 1.849 115.43 17.33 3.232
57 1.838 114.75 17.43 3.270
58 1.827 114.06 17.53 3.308
59 1.816 113.37 17.64 3.344
60 1.805 112.69 17.75 3.381
61 1.794 112.00 17.86 3.416
62 1.783 111.31 17.97 3.451
63 1.772 110.63 18.08 3.485
64 1.761 109.94 18.19 3.518
65 1.750 109.25 18.31 3.551
66 1.740 108.63 18.41 3.585
67 1.730 108.00 18.52 3.618
68 1.720 107.38 18.63 3.651
69 1.710 106.76 18.73 3.683
70 1.700 106.13 18.84 3.715
71 1.690 105.51 18.96 3.745
72 1.680 104.88 19.07 3.776
73 1.670 104.26 19.18 3.805
74 1.660 103.63 19.30 3.834
75 1.650 103.01 19.42 3.863
76 1.640 102.39 19.53 3.891
77 1.630 101.76 19.65 3918
78 1.620 101.14 19.78 3.944
79 1.610 100.51 19.90 3.970
80 1.600 99.89 20.02 3.996

90 1.500 93.65 21.36 4214
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Figure 12. Relationship between oil yield for Green River oil shales and specific gravity. Data from Stanfield

and others (1954).

Broken Core and Missing Intervals

Almost all core and rotary holes contain intervals that
were not recovered during the drilling process. In addition,
segments of core can be moderately to severely broken, which
commonly leads to erroneous positioning in the core boxes
between whole pieces of recovered core. Because the rubble
is largely homogenized, the original variation in oil yield
through the interval cannot be determined, nor can it be certain
that the recovered rubble is representative of the average oil
yield for the entire interval. For example, leaner oil shale may
be more prone to disintegration than rich oil shale, resulting
in the recovered rubble being skewed towards the richer oil
shale in the interval. In any case, oil-yield values obtained are
compromised, and the distinctive pattern of rich and lean beds
that characterize the oil shale zones is lost for the core being
studied.

Figures 13-27 plot the percentages of missing intervals
in each drill hole for each of the 18 oil shale zones assessed
in this study. Three of the oil shale zones (zones L-2, R-3, and
L-3) had no missing intervals in any of the holes used in the
assessment and were not plotted. Clearly, missing intervals,
with some oil shale zones having as little as 10 percent recov-
eries, is a significant problem. Although methods for treating
the problem were not clearly stated in previous assessments,
oil-yield values were nevertheless assigned to all missing

intervals in order to calculate resources. Cashion (1967), for
example, did not discuss missing intervals in his assessment of
the Uinta Basin. Trudell and others (1983) also did not discuss
how they dealt with missing intervals, but they clearly showed
significant missing intervals in the Mahogany zone in one

of the oil shale core holes that they used (Trudell and others,
1983, fig. 3). In assessments of the Piceance Basin to the east,
Janet Pitman (written commun., 2008) recalled that a missing
interval was assigned an average value of the oil yields in the
intervals immediately above and below the missing interval.
John R. Donnell (oral commun., 2008), in contrast, recalled
that missing intervals were assigned values based on nearby
core holes where the intervals were not missing. The original
files from previous assessments of the Piceance Basin were
not recovered, and Johnson and others (2010) were unable

to ascertain which method of handling missing intervals was
used. Vanden Berg (written commun., Feb. 4, 2009), in his
recent assessment of the Uinta Basin, stated that missing inter-
vals were assigned oil-yield values “based on oil shale above
and below and based on nearby wells.” According to Vanden
Berg (written commun., Feb. 4, 2009), the well was not used if
a significant amount of core was missing. For this assessment,
we decided to use a consistent method of applying values

to missing intervals that could be done by computer and did
not require any judgment on our part. The method used here
simply calculates an average oil yield for all core or cuttings



Table 3. Comparison of estimated gallons per ton from rotary holes with those from core holes for eight oil shale zones in the upper part of the Green River Formation, Uinta

Basin, Utah.
[GPT, gallons per ton; R., range; sec., section; T., township]
Drill hole Location il yield il yield 0Oil yield 0Oil yield 0Oil yield 0Oil yield il yield Oil yield  Qil yield Qil yield
number (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT)
Bed 44
Bed 76 to to top A-groove Mahogany B-groove R-6 zone L-5 zone R-5zone  L-4zone R-4 zone
bed 44 zone
A-groove
U044 (core hole) Sec. 24, T.9 S, 5.5 24.2 4.1 11.8 5.7 11.4 5 12.9
R.23 E.
U346R (rotary hole) Sec. 24, T.9 S, 9.7 20.1 6 10.0 6.1 10.4 5.4 10.5
R.23E. (176%) (82%) (146%) (86%) (107%) (90%) (108%) (87%)
U043 (core hole) Sec. 36, T.9 S, 9.6 14.3 6.1 20.6 1.6 8.3 3.5 9
R. 20 E.
UI197R (rotary hole sec.24,T.9S,, 8.4 12.7 7.5 17.5 2.6 7.3 43 9.3
R.20E. (88%) (89%) (123%) (85%) (163%) (88%) (123%) (103%)
U056 (core hole) Sec. 12, T. 10 12.7 4.5 20.2 6.9 10.9 4.2
S.,R.24E.
UI190R (rotary hole) Sec. 14, T. 10 S. 11.2 8.8 16.4 3.7 8.1 4.4
R.24 E. (88%) (196%) (81%) (54%) (74%) (105%)
U111 (core hole) Sec. 12, T. 10 5.8 243
S.,R.22 E.
U199R (rotary hole) Sec. 10, T. 10 4.4 24.4
S.,R.22E. (76%) (100%)
U045 (core hole) Sec. 1, T.9S., 14.7 5 22.6 4.3
R.22 E.
U279R (rotary hole) Sec. 15, T.9S., 13.5 14.2 18.4 3.7
R.22 E. (92%) (284%) (81%) (86%)
U044 (core hole) Sec. 22, T.98S,, 12.9 5.5 242 4.1
R.23E.
U198R (rotary hole) Sec. 29, T.9 S, 11.8 8.9 18.5 43
R.23 E. (91%) (162%) (76%) (105%)
U054 (core hole) Sec. 31, T. 10 12.9 4 20.3 2
S.,R.21E.
U228R (rotary hole) Sec. 8, T. 11 S., 11.8 9.5 129 6
R.21E. (91%) (238%) (64%) (300%)
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Table 3. Comparison of estimated gallons per ton from rotary holes with those from core holes for eight oil shale zones in the upper part of the Green River Formation, Uinta
Basin, Utah.—Continued

[GPT, gallons per ton; R., range; sec., section; T., township]

Drill hole Location 0Oil yield Oil yield Oil yield Oil yield 0Oil yield 0Oil yield 0Oil yield Oil yield  Oilyield  Oil yield
number (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT) (GPT)
Bed 44
Bed 76 to to top A-groove Mahogany B-groove R-6 zone L-5 zone R-5zone L-4zone  R-4zone
bed 44 zone
A-groove
U110 (core hole) Sec.33,T.9S., 7 21.8 1.9
R.21 E.
U196R (rotary hole) Sec. 16, T. 10 12.5 16.5 33
S.,R.21 E. (179%) (76%) (174%)
Percent oil yield of rotary 88% 90% 179% 81% 147% 83% 112% 97% 108% 87%

hole to core hole
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Figure 19. Bubble map plotting percent missing interval for the drill holes used to assess the L-4 zone, Uinta Basin, Utah and Colorado.
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Figure 20. Bubble map plotting percent missing interval for the drill holes used to assess the R-5 zone, Uinta Basin, Utah and Colorado.
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Figure 21. Bubble map plotting percent missing interval for the drill holes used to assess the L-5 zone, Uinta Basin, Utah and Colorado.
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Figure 22. Bubble map plotting percent missing interval for the drill holes used to assess the R-6 zone, Uinta Basin, Utah and Colorado.
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Figure 25. Bubble map plotting percent missing interval for the drill holes used to assess A-groove, Uinta Basin, Utah and Colorado.
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Figure 26. Bubble map plotting percent missing interval for the drill holes used to assess the interval from the top of A-groove to the top of bed 44 of
Donnell (2008), Uinta Basin, Utah and Colorado.
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Figure 27. Bubble map plotting percent missing interval for the drill holes used to assess the interval from the top of bed 44 of Donnell (2008) to the top of bed
76 of Donnell (2008), Uinta Basin, Utah and Colorado.
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40 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

recovered in a particular drill hole for each oil shale zone, and
that average is assigned to all the missing intervals in the zone.

Johnson and others (2010) used this computerized
method to assign oil-yield values to missing intervals in 13
closely spaced core holes from a 4-mi? area in the northwest-
ern part of the Piceance Basin. They determined that average
oil yields for the Mahogany zone varied little between the core
holes despite missing core intervals totaling as much or more
than 40 percent (fig. 28). One major concern was that richness
of the oil shale affected the probability of it being preserved
during coring. For instance, if rich beds were more likely to
be preserved than lean beds, then the average oil yield for a
zone should go up as the percentage of missing core increases.
Their results suggest that, in general, rich and lean oil shale is
equally likely to go missing during the coring process.

Johnson and others (2010) demonstrated that both the
number of missing intervals and thickness of individual miss-
ing intervals in a zone are important. This is because many
thin missing intervals randomly distributed throughout an oil
shale zone are less likely to affect the average for that zone
than if most of the missing core is concentrated in a single
or only a few missing intervals. For the example shown in
figure 28, most of the missing intervals are quite thin and
distributed throughout the Mahogany zone and, as a result,
the overall average is not greatly affected. However, if there
is only a single thick missing interval for a zone, the calcu-
lated average oil yield for that zone is likely to be incorrect.
Figure 29 shows oil-yield histograms for two closely spaced
rotary holes in the east-central part of the Piceance Basin
and demonstrates the potential problem when an individual
missing interval is thick. There are no missing intervals in the
Mahogany zone in C0599R, and the average for the zone is
23.7 GPT. The second hole is missing one 70-ft-thick interval
in the Mahogany zone, but this missing interval includes the
Mahogany bed, the richest part of the Mahogany zone. As a
result, average oil yield for the Mahogany zone in this hole is
only 16.4 GPT.

It is probably more likely to have small numbers of thick
missing intervals in rotary holes than in core holes because
the sampling interval is much thicker (10 ft vs. about 1 ft).
Rotary holes were not used in the Piceance Basin assessment
but they are used here because of the scarcity of data in the
Uinta Basin. Although a single thick missing interval in a zone
is clearly a potential problem, we could not find any examples
where it was a problem in our assessment. Only a few holes
in the basin had thick missing intervals in an oil shale zone,
and these holes did not appear to give anomalous GPT values
when compared to nearby holes with little or no missing inter-
val. A table listing the number of missing intervals and thick-
est missing interval for each oil shale zone in each drill hole is
included in Mercier and others (Chapter 3, this CD-ROM). As
a precaution, for this assessment, we eliminated all data points
where more than 50 percent of the oil shale zone was missing.

Zero Values in Assay Data

Zero values as listed on original assay tables could repre-
sent either (1) missing intervals, or (2) intervals that were not
assayed because their lithologies, such as sandstone and silt-
stone, were assumed to have no oil. These two different pos-
sibilities were distinguished on the original laboratory assay
tables by various means. However, the original assay tables for
many of the drill holes, particularly those for cuttings samples,
are lost. Only digital tables that were transcribed from the
original tables at some time in the past are available, and these
do not distinguish between the two possible reasons for the
zero values. As previously discussed, any missing interval in a
particular oil shale zone was ascribed the average value of all
core or cuttings from the Fischer assay analysis for that zone;
thus the missing intervals are assumed to have had “average”
oil yields for that zone. If, however, an interval with a zero oil-
yield value was not assayed because it was assumed to have
no oil, and the interval is assigned the average value for the
zone, then the resulting oil-yield calculations for that zone will
be artificially inflated.

To deal with this issue, a table was generated that listed
all the core holes and rotary holes that had at least 25-percent
zero values for any individual oil shale zone in that hole. If a
hole contained no oil shale zones where at least 25 percent of
the interval was listed as zero oil yield, it was assumed that
distinguishing whether the zeros represented missing intervals
zeros, or represented intervals that were recovered but not
assessed was moot in that there would be minimal effect on
the final resource calculations. The oil-yield data for holes in
which core or sample recovery was less than 75 percent in
any zone were examined, however, to determine if some of
the zero oil-yield values represented barren intervals that were
recovered but not assessed. In many drill holes, zero values
corresponded to intervals that were known to be predomi-
nantly sandstone and siltstone based on nearby holes, and thus
it was assumed that all the zero values in a particular drill hole
represented unassessed barren zones. This probably resulted
in some missing intervals being assigned an oil-yield value
of zero that would have yielded some oil, thus resulting in a
somewhat conservative resource estimate.

Areas Not Assessed Due to Lack of Data

Although we attempted to assess as much of the oil shale
in the Uinta Basin as possible, there were areas where oil-yield
data for some of the zones were nonexistent. For example, we
did not assess any of the oil shale zones in the extreme west-
ernmost part of the basin, west of R. 9 W. as there are no data.
The unassessed area is comparatively small, and the oil yields
appear to be low, however, Vanden Berg (2008) included a
small part of this area in his assessment. The two uppermost
intervals, bed 76 to bed 44 and bed 44 to A-groove, are only
partially preserved in the southern part of the basin and were
also not assessed by us.
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Figure 29. OQil-yield histograms for two closely spaced rotary holes in the eastern part of
the Piceance Basin. In rotary hole C0599R, the Mahogany zone is complete and averages
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missing interval includes the Mahogany bed, the richest part of the Mahogany zone.
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We assessed oil shale zone R-0 and zones R-4 through
A-groove from the 6,000-ft depth contour to the top of the
Mahogany oil shale bed south and east to the outcrop line of
the Mahogany oil shale bed (for example, see fig. 13). Along
the east margin of the basin, this resulted in slightly under-
estimating resources in the zones below the Mahogany zone,
as the outcrop of these lower zones extend somewhat farther
eastward. With the exception of part of the Mahogany zone,
these oil shale zones grade into non-kerogen-bearing litholo-
gies upon reaching outcrop along the south margin of the
basin. Cashion (1967) measured and described in detail many
sections around the south margin of the basin in the area where
oil shale zones below the Mahogany have graded into mar-
ginal lacustrine and fluvial rocks. These sections were approx-
imately located using Google Earth and Cashion’s index map,
and coordinates were determined (table 4). Oil shale zones
in these sections were assigned minimum oil-yield values of

0.1 GPT and 500 BPA. Using these surface sections helped to
define oil-yield trends toward the south margin of the basin.

The L-0 through L-3 oil shale zones were assessed only
locally in the eastern part of the basin where there was avail-
able oil-yield data. These zones have not been traced outside
this limited area due to lack of control, but for the most part
they probably contain little in-place oil outside the areas
assessed. A somewhat different area was assessed for each of
these zones depending on available control. The lines fol-
low township boundaries, in part, because the resources were
summed on a township basis.

In addition, we did not assess any oil shale in the deep
trough of the basin where the top of the Mahogany oil shale
bed is at a depth greater than 6,000 ft, as it is unlikely that oil
shale at these depths will be developed. There are, however,
cuttings data in the area beyond this 6,000 ft cutoff, and these
data were used to help constrain oil-yield trends. If some
method is developed in the future to exploit oil shale resources



Table 4.

Factors Affecting Resource Calculations

Listing of surface sections used in the assessment of oil shale resources in the Uinta Basin, Utah. Surface sections

from Cashion (1967). Latitudes and longitudes obtained by plotting locations of the sections in Google Earth. Qil shale zones in each
section were assigned minimum values of 0.1 gallons of oil per ton (GPT) and 500 barrels of oil per acre.

[T, township; R, range; ft, feet; n.d., no data ]

e i b
number, letter, Name of section Section T R. L L Latitude Longitude X
or part Thick- in elevation
ness(ft)  GPT (ft)
Cashion (1967)
12 Near Wild Horse Canyon 26 14S  17E 5 30 39.570259 109.990487 7016
13 Firewater Canyon 8 14S  18E 5 28 39.618395 109.916868 6562
21 Chandler Canyon 9 158 I8E 5 28 39.528708 109.913006 7039
23 Hidden Spring 33 158 20E 6 19 39.445899 109.741099 7087
24 Dry Canyon 19 158 21E 8 30 39.492467 109.612693 7027
26 Bluebell Canyon 1 16S 17E 5 25 39.458184 109.978747 7695
27 Desert Spring 12 16S  18E 8 26 39.446889 109.883721 7402
28 Little Mountain 31 16S  19E 5 26 39.372042 109.868533 8053
29 Black Knolls 5 16S 21E 5 20 39.445899 109.741099 7133
30 Upper Willow Creek 31 16S 21E 6 30 39.373058 109.641610 7632
33 Spring Creek 1 17S  19E 13 17.7 39.360326 109.772007 7838
34 Coal Creek 31 17S  19E 3 27 39.279349 109.862894 8678
35 Pioche Creek 20 17S  20E 7 21 39.309807 109.728520 8123
36 Roan Cliffs 20 17S  22E 6 24 39.318072 109.513231 8078
37 Upper Hill Creek 1 18S  19E 6 18 39.278843 109.773453 8505
38 Diamond Ridge 2 18S  21E 6 18 39.274864 109.563484 8234
39 Saleratus Canyon 1 19S  19E 2 20 39.188866 109.772550 8933
40 East Willow Creek 6 19S  21E 3 15 39.190328 109.638102 8740
Section E, upper ~ Renegade Canyon 33,34 18S  20E n.d. n.d. 39.199625 109.703719 8201
Section E, lower ~ Renegade Canyon 18, 19 19S  20E n.d. n.d. 39.145646 109.746907 8243
Section D Near head of Post Canyon 7,8 17S  19E n.d. n.d. 39.343115 109.859299 8057
Section C Florence Canyon 25,36 16S 17E n.d. n.d. 39.395721 109.975366 7116
Section B, upper ~ Wild Horse Canyon Unsurveyed n.d. n.d. 39.599904 110.004296 5838
Section B, lower ~ Wild Horse Canyon Unsurveyed n.d. n.d. 39.597663 110.024470 4858
Section A, upper  Big Canyon Unsurveyed n.d. n.d. 39.70149 109.949558 6249
Section A, lower ~ Big Canyon Unsurveyed n.d. n.d. 39.679816 109.981284 4943
Section G, lower  Green Canyon 7 13S  20E n.d. n.d. 39.697317 109.725861 5850
Section G, middle ~ Green Canyon 8,9 13S  20E n.d. n.d. 39.702157 109.690006 6408
Section G, upper ~ Green Canyon 9,10 13S  20E n.d. n.d. 39.704962 109.675253 6779
Section F, upper Hay Canyon 20 16S  23E n.d. n.d. 39.398513 109.401927 7594
Section F, lower Hay Canyon 28,29 16S  23E n.d. n.d. 39.382478 109.393317 7257
Section H, upper ~ Willow Creek 20 128 21E n.d. n.d. 39.741606 109.585788 5459
Section H, lower ~ Willow Creek 29 12S  21E n.d. n.d. 39.755305 109.580135 5898
Section | Horse Canyon 7,18 16S  24E n.d. n.d. 39.420773 109.314436 7425
Section J West Bitter Creek 3,4 16S  25E n.d. n.d. 39.444291 109.151700 7966
Section K, middle  Bitter Creek Unsurveyed n.d. n.d. 39.630212 109.192639 6339
Section K, lower Bitter Creek Unsurveyed n.d. n.d. 39.592873 109.166818 6432
Bradley (1931)
Base of section Indian Canyon, base
(Indian 2nd lacustrine phase 23 11S  8W n.d. n.d. 39.847516 110.767108 7813
Canyon) (Lp)
Middle of . .
section (Indian  dian Canyon, middle 14 1S 8W nd. nd.  39.866672  110.763557 8444

Canyon)

of section
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at these great depths, they could easily be assessed by drawing
another cutoff line and recalculating resources in the ArcGIS
project that is included in another report on this CD—-ROM
(Mercier and others, Chapter 4, this CD-ROM).

Methods Used to Generate Isopach
Maps and Isoresource Maps

Pitman and others (1989), in their assessment of the
Piceance Basin to the east, used geostatistical interpolation
by kriging to generate resource maps and resource numbers.
According to them, statistical tests done prior to kriging
determined that oil shale resource values were “statistically
homogeneous,” that is, BPA resource values for oil shale core
holes spaced a short distance apart tended to be more alike
than values for core holes that were farther apart. Pitman and
others (1989) used a computer program called BLUEPACK to
determine that variations in oil yield were linear for all of the
oil shale zones except the R-2 and L-5 zones. For these two
zones, there was a significant amount of variation that could
not be predicted from available data and a “nugget-only”
model was used to try to capture this variability. Pitman and
others (1989) determined that universal kriging gave good
results in areas with good control, but in areas with little con-
trol such as basin margin areas, universal kriging calculated
exceedingly large error limits, as much as +1,298 percent, and
several townships had insufficient control for universal kriging
to calculate any resource numbers. Pitman and others (1989)
determined in-place oil shale resources using manually drawn
isoresource contours and compared the results with the results
from kriging. Pitman and others (1989) reported that resource
estimates determined by kriging compared favorably with
resource values determined manually in areas with good con-
trol; however, in areas with limited control, such as the basin
margin areas, universal kriging dramatically overestimated
resources. For example, in the case of the township with the
+1,298 percent error, kriging estimated 1.1 billion barrels of
oil in place in the R-5 zone while hand contouring estimated
only 219 million barrels.

Because our study required 72 unique models to con-
struct the isopach, GPT, and BPA maps, we chose to use an
RBF-multiquadric function instead of kriging, as it facilitated
a rapid generation of models while providing similar results.
The RBF-multiquadric function in ESRI’s Geostatistical
Analyst provided us with a quick, exact interpolator and kept
the model within our methodology’s native software format
(ESRI’s ArcGIS). Rusu and Rusu (2006) demonstrated that
“soft computing methods” such as Radial Basis Functions
(RBF) compare favorably with conventional “hard computing
methods” such as kriging, after applying both to the same data
set. They also cited a recent study in which the Radioactivity
Environmental Monitoring Group (REM), of the Institute for
Environment and Sustainability at the Joint Research Center
(JRC) of the European Commission, invited participants to

apply both RBF and kriging to a data set depicting variations
in daily mean values of gamma-ray doses in southwestern
Germany. Some of the data points were hidden, and the
participants were asked to estimate values at these hidden
locations using known data points. In general, both the RBF
method and kriging were equally good at predicting results,
except for areas with limited data where a proper variogram
required for kriging was difficult to construct. In these areas,
the RBF method gave better results. According to Rusu and
Rusu (2006, p. 126) “The results and the execution time are
quite similar for RBF and kriging, but the ease of use of RBF
is overwhelming, compared to the use of kriging. When using
RBF, the user has to choose only the radial functions type and
the smoothing parameter. When using kriging, complex var-
iogram modeling has to be done.” Therefore, the inability to
construct a variogram for areas with limited data may in part
be why, in the previous assessment, kriging gave values with
unacceptable margins of error for those areas.

The RBF method in GeoStatistical Analyst (GA) is an
exact interpolator that will honor all data points and not intro-
duce any error at those locations unless a smoothing function
is used. If a smoothing function is used, the RBF can also
extrapolate values above or below the actual values outside
the data point locations. The final resource models for the
present assessment were created with the RBF method using
a sampling method containing eight moving window sectors
with eight neighbors in each sector. No smoothing function
was used. After numerous iterations, we determined that the
RBF method using these parameters yields surfaces that we
believed to be a best fit to the geology. Both the RBF method
and inverse distance weighted (IDW) method gave fairly simi-
lar results in areas with large numbers of control points, but
the RBF method seemed to generate more reasonable results
in marginal areas with little control.

Although the RBF method does not generate as com-
plete an error estimate as kriging, it does give the difference
between the predicted and measured value for each control
point, as well as an overall error for an entire map. To obtain
the difference between the predicted value and the measured
value, the RBF method predicts a value at a given control
point from the eight nearest control points without knowing
the actual value measured at that control point. That predicted
value is then compared with the measured value, and the dif-
ference between the two is calculated.

Four maps were generated for each assessed oil shale
zone (1) an isopach map, (2) a map showing variations in oil
yield in GPT, (3) a map showing variations in BPA, and (4) a
map showing total in-place oil in each township (36 mi?) in the
basin. Individual barrels-per-acre township maps were gener-
ated by the following steps:

1. Determine that portion of a township that is underlain
by a given oil shale zone by superimposing the township
polygon file on the outcrop polygon file for that zone. The
resultant file contains township or portions thereof that
were cropped by the outcrop lines to be defined as report-
ing polygons.
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2. Using the cell-based raster BPA resource model and the
reporting polygons as inputs, use ESRI Spatial Analysis’s
Zonal Statistics function to summarize the BPA one-acre-
cell’s values contained within each township reporting
polygon to generate a sum total for each township.

3. Apply these sums in the preparation of a barrels-per-acre-
township map that covers the entire assessment area for
that oil shale zone.

4. Repeat steps 1-3 for each oil shale zone being assessed.

Detailed Descriptions and Assessment
Results of Oil Shale Zones

R-0 Zone

The R-0 zone is the first oil shale zone deposited after
the Long Point transgression when smaller freshwater lakes
in each of the Piceance and Uinta Basins expanded and con-
nected across the Douglas Creek arch to form one large lake,
Lake Uinta (Johnson, 1985) (fig. 6, pl. 1). The base of the
R-0 zone is the base of the Long Point Bed of the Douglas
Creek, Anvil Points, or Garden Gulch Members of the Green
River Formation (Johnson, 1984). This bed, the basal trans-
gressive bed of the Long Point transgression, is marked in
outcrop along the east margin of the Uinta Basin margins by
a mollusk-rich bed overlying the variegated mudstones of
the fluvial Wasatch Formation (Johnson and others, 1988, his
pl. 2). The base of the R-0 zone can be identified throughout
much of the deeper parts of the basin as a distinctive resistivity
kick on electric logs (see, for example, Johnson, 1989). The
top is marked by the carbonate marker, a distinctive electric
log kick in the subsurface throughout much of the basin
(Fouch, 1975; Ryder and others, 1976; Johnson, 1989) that
represents a temporary increase in carbonate precipitation. It
is equivalent to the orange marker in the Piceance Basin to the
east.

The R-0 zone generally thickens to the north and west
across the Uinta Basin, from a minimum of 89 ft in one well
near the crest of the Douglas Creek arch to 340 ft near the west
margin of the area assessed (fig. 30); it was assessed in one
core hole and 49 rotary holes (fig. 31). Oil yields are greatest
in the northeastern part of the basin where they are as much
as 9.8 GPT (fig. 31). Barrels of oil per acre vary from 27,000
to 95,000 throughout much of the basin, with two rotary holes
in the central part yielding 130,000 and 140,000 BPA. Values
approach 0 BPA toward the south margin (fig. 32). Maximum
oil yield in a single township, T. 10 S., R. 20 E., is 2.49 billion
barrels (BBL) (fig. 33). This township contains one of the
rotary holes with unusually high BPA values (fig. 32). Total
in-place resources for the R-0 zone in the Uinta Basin are
estimated at 115.4 BBL (table 5).

L-0 Zone

The L-0 zone is a comparatively thin lean zone that
thickens from 30 to 43.3 ft on the west flank of the Douglas
Creek arch to 120 ft in the western part of the area assessed
(fig. 34). The zone was assessed in only 19 rotary holes in the
basin (fig. 35) and appears to contain insignificant resources
of shale oil. Maximum oil yields of 3.6 and 3.8 GPT are
from two wells in the northeast corner of the basin (fig. 36).
In-place oil varies from 2,000 to 12,000 BPA (fig. 35), with
maximum in-place oil in a single township, T. 3 S., R. 1 W., of
244 million barrels (MMB) (fig. 37). Total in-place oil for the
area assessed is estimated at 5.8 BBL (table 6).

R-1 Zone

Oil shales in the R-1 zone are of significantly higher
grade than oil shales in the underlying R-0 zone, but the unit
is split by a series of clastic wedges that thicken towards
the south (fig. 5), so it is considered unlikely that any of the
oil shale beds will be developed. The wedges can be traced
across the Douglas Creek arch and into the Piceance Basin
as a northeastward-thinning interval in the middle of the R-1
zone that thins to as little as 8 ft in the central part of that basin
(Johnson and others, 2010). This clastic interval appears to
be predominantly lacustrine where exposed on the west flank
of the Douglas Creek arch (Johnson and others, 1988, his
pl. 2) and generally grades into fluvial rocks of the Renegade
Tongue of the Wasatch Formation toward the south margin of
the Uinta Basin (Cashion, 1967). The individual oil shale units
interbedded with the clastic wedges grade toward the south
and southwest into stromatolitic (Johnson and others, 1988)
units, indicating that they probably represent times when clas-
tic influx decreased.

The R-1 interval thickens from about 400 ft on the west
flank of the Douglas Creek arch to 910 ft in the eastern part of
the assessed area (fig. 38). The zone was assessed in 22 rotary
holes in the Uinta Basin (fig. 39). Only one of the control
points is outside the easternmost part of the basin (fig. 39),
thus there is great uncertainty in the calculated resource
numbers. In the limited area assessed, oil yield varies from a
maximum of 4.3 GPT in the northeast corner of the basin to a
minimum 1.9 GPT in the northwest corner of the area assessed
(fig. 39), and estimated BPA varies from 87 to 160 (fig. 40).
Maximum in-place oil in a single township, T. 10 S., R. 23 E.,
is 3.6 BBL (fig. 41), and total in-place oil in the area assessed
is estimated at 95.4 BBL (table 7).

L-1 Zone

The L-1 zone is lithologically similar to the clastic
wedges that split the underlying R-1 zone and is essentially the
highest of these clastic wedges. It generally thickens towards
the south and west from 60 to 270 ft, but control is sparse
(fig. 42). The L-1 zone was assessed in just 7 rotary holes in
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Figure 30.

Isopach map of the R-0 zone using the Radial Basis Function (RBF) method for contouring. Contour interval in feet is variable.
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Figure 32.

Isoresource map of the R-0 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Figure 33. Isoresource map of the R-0 zone showing total number of barrels of oil in each township.
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Table 5. Total number of in-place barrels of oil resource by township for the R-0 zone in the Green River Formation, Uinta Basin,
northeastern Utah, calculated by the Radial Basis Function (RBF) method.

Township and Range R-0 zone, barrels ~ Township and Range  R-0 zone, barrels Township and Range R-0 zone, barrels

T.1N.,R. 103 W. 403,502,000 T.6S.,R.6W. 1,782,370,000 T.10S.,R. 12 E. 2,047,170
T.1N.,R. 104 W. 388,755,000 T.6S.,R.7W. 1,842,460,000 T.10S.,R. 14 E. 125,511,000
T.2N.,R. 103 W. 196,490,000 T.6S.,R.8W. 1,442,400,000 T.10S.,R. 15 E. 1,031,320,000
T.2N.,R. 104 W. 323,197,000 T.6S.,R.9W. 297,464,000 T.10S.,R. 16 E. 1,542,010,000
T.1S.,R.103W. 15,708,600 T.6S.,R.19E. 26,580,500 T.10S.,R. 17 E. 1,230,970,000
T.1S.,R. 104 W. 373,703,000 T.6S.,R.20 E. 243,659,000 T.10S.,R. I8 E. 1,471,270,000
T.2S.,R. 104 W. 39,322,700 T.6S.,R.21 E. 73,276,400 T.10S.,R. 19 E. 2,210,610,000
T.3S.,R.1E. 0 T.7S.,R.4W. 313,454,000 T.10S.,R. 20 E. 2,491,200,000
T.3S,R.1W. 856,709,000 T.7S.,R.5W. 358,536,000 T.10S.,R. 21 E. 1,992,660,000
T.3S.,R.2E. 1,032,860,000 T.7S.,R.6W. 337,742,000 T.10S.,R. 22 E. 1,681,320,000
T.3S,R.2W. 565,072,000 T.7S.,R.7TW. 245,399,000 T.10S.,R. 23 E. 1,827,780,000
T.3S.,R.3W. 723,401,000 T.7S.,R.8W. 206,771,000 T.10S.,R. 24 E. 1,693,850,000
T.3S.,R.4W. 546,850,000 T.7S,R.9W. 8,688,100 T.10S.,R.25E. 1,090,020,000
T.3S,R.5W. 385,339,000 T.7S.,R.19E. 74,081,800 T.11S.,R.10E. 5,391,900
T.3S,R.6W. 522,084,000 T.7S.,R.20E. 1,021,060,000 T. 11 S.,R. 11 E. 634,208,000
T.3S,R.7W. 558,256,000 T.7S.,R.21 E. 1,042,740,000 T. 11 S.,R. 12 E. 844,127,000
T.3S.,R.8W. 432,053,000 T.7S.,R.22E. 791,201,000 T. 11 S.,R. 13 E. 655,215,000
T.3S.,R.9W. 503,896,000 T.7S.,R.23 E. 569,063,000 T.11 S.,R. 14 E. 535,913,000
T.3S.,R. 104 W. 5,790,250 T.7S.,R.24 E. 370,723,000 T.11 S, R. 15 E. 817,995,000
T.4S,R.1E. 1,123,110,000 T.7S.,R.25E. 307,201,000 T.11S.,R. 16 E. 839,462,000
T.4S,R.1W. 716,908,000 T.8S.,R.15E. 62,737,300 T.11 S.,R. 17 E. 848,919,000
T.4S.,R.2E. 1,403,200,000 T.8S.,R. 16 E. 385,861,000 T.11 S.,R. 18 E. 897,074,000
T.4S,R.2W. 473,324,000 T.8S.,R.17E. 531,455,000 T.11 S.,R. 19 E. 1,281,330,000
T.4S.,R.3E. 296,208,000 T.8S.,R. 18 E. 472,015,000 T.11 S.,R. 20 E. 1,589,990,000
T.4S,R.3W. 490,383,000 T.8S.,R.19E. 29,529,900 T.11 S.,R.21 E. 1,470,530,000
T.4S,R.4W. 488,948,000 T.8S.,R.20 E. 989,194,000 T.11 S.,R.22 E. 1,436,390,000
T.4S,R.5W. 748,935,000 T.8S.,R.21 E. 1,490,740,000 T. 11 S.,R.23 E. 1,428,840,000
T.4S,R. 6 W. 823,515,000 T.8S.,R.22 E. 1,138,870,000 T. 11 S.,R.24 E. 1,342,480,000
T.4S,R.7TW. 825,551,000 T.8S.,R.23 E. 1,108,740,000 T. 11 S.,R.25E. 1,060,310,000
T.4S.,R.8W. 1,277,370,000 T.8S.,R.24 E. 689,633,000 T.12S.,R.14 E. 326,599,000
T.4S,R.9W. 996,803,000 T.8S.,R.25E. 968,164,000 T.12S.,R. IS E. 151,718,000
T.5S.,R.1E. 25,317,600 T.9S.,R.15E. 488,754,000 T.12S.,R. 16 E. 334,267,000
T.5S.,R.2E. 594,129,000 T.9S.,R. 16 E. 1,152,690,000 T.12S.,R. 17 E. 430,039,000
T.5S.,R.3E. 98,827,700 T.9S.,R.17E. 1,155,370,000 T.12S,R. 18 E. 316,091,000
T.5S,R.3W. 462,837,000 T.9S.,R. 18 E. 1,629,110,000 T.12S,R. 19 E. 862,804,000
T.5S.,R.4W. 915,762,000 T.9S.,R.19E. 1,931,980,000 T.12S.,R. 20 E. 964,617,000
T.5S,R.5W. 1,137,570,000 T.9S.,R.20E. 2,149,110,000 T.12S.,R.21 E. 961,823,000
T.5S,R.6 W. 1,307,650,000 T.9S.,R.21E. 2,017,620,000 T.12S.,R.22 E. 988,834,000
T.5S,R.7W. 1,470,920,000 T.9S.,R.22E. 1,370,690,000 T.12S.,R.23 E. 957,481,000
T.5S.,R.8W. 1,724,990,000 T.9S.,R.23 E. 1,508,510,000 T.12S.,R. 24 E. 913,601,000
T.5S,R.9OW. 1,641,490,000 T.9S.,R.24E. 1,602,010,000 T.12S.,R.25E. 225,478,000
T.6S.,R.3W. 333,257,000 T.9S.,R.25E. 1,278,560,000 T.13S.,R. 14 E. 361,556,000
T.6S.,R.4W. 1,130,980,000  T.10S.,R. 11 E. 43,735,300 T.13S.,R. 16 E. 473,400,000
T.6S,T.5W. 1,388,120,000  T.10S.,R. 11 E. 43,735,300 T.13S.,R.17E. 98,518,500
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Table 5. Total number of in-place barrels of oil resource by township for the R-0 zone in
the Green River Formation, Uinta Basin, northeastern Utah, calculated by the Radial Basis
Function (RBF) method.—Continued

Township and Range

R-0 zone, barrels

Township and Range

R-0 zone, barrels

T.

HHHAAAAAaA399 939933

13S,R
13S.,R

13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
14S.,R.
14S.,R.
14S.,R.
14S.,R.
14S.,R.
14S.,R.
14S.,R.
14S.,R.
14 S, R.
14 S, R.
14S.,R.
T.15%S., R. 21 E.
T.15%S., R. 22 E.
T.15%S., R. 23 E.
T.15S.,R. I5SE.
T.15S.,R. 16 E.
T.15S.,R. 17E.

.18 E.
.19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
14 E.
IS E.
16 E.
17 E.
I8 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.

428,990,000
498,085,000
554,121,000
432,461,000
568,415,000
581,579,000
275,537,000
95,344,100
306,620,000
262,365,000
329,420,000
89,884,300
132,592,000
58,269,400
21,165,600
7,731,460
6,287,000
1,049,530
242,004,000
109,176,000
450,017,000
277,182,000
96,451,300
117,387,000
40,272,800

T.

e e B B e B A A B B B B Bl B B o B e B e e e B B R

I5S.,R
I5S.,R

15S,R.
15S,R.
15S,R.
16 S.,R.
16 S.,R.
16 S.,R.
16 S.,R.
16 S.,R.
16 S.,R.
16 S.,R.
16 S.,R.
17S.,R.
17S.,R.
17S.,R.
17S.,R.
17S.,R.
18 S, R.
18 S, R.
18 S, R.
18 S, R.
18 S, R.
18 S, R.

18S.,R

.18 E.
.19 E.
20 E.
21 E.
22 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
18 E.
19 E.
20 E.
21 E.
22 E.
18 E.
19 E.
20 E.
21 E.
19 E.
20 E.
.21 E.

125,529,000
145,532,000
149,169,000
87,727,700
27,893,400
25,219,800
1,764,990
28,436,600
57,187,400
61,457,300
36,041,600
28,778,900
8,196,490
727,238
6,242,440
6,993,230
3,251,050
785,054

0

235,565
425,502

0

48313
15,667

0

Zone R-0 total

108,228,925,097
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Figure 34. Isopach map of the L-0 zone using the Radial Basis Function (RBF) method for contouring. Contour interval in feet is variable.
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Isoresource map of the L-0 zone showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring.
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Isoresource map of the L-0 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function Method (RBF) was used for contouring.

s

= -4 =~ 4

=

0peiojo9 pue yeyn ‘uiseq el ‘uoleLIo] ISAIY UIBIL) 3U3I0T Ay} Ul S3IN0SAY 3|eys |10 ade|d-U] JO JuWSSassy



111°00" 110°30" 110°00' 109°30" 109°00

I I I I i I
|
|
R19E R20E R2IE ’
T |
REELSIZW RUIW  RIOW  RIW  Rgw R7TW R6W  R5W  R4W R3W R2ZW  RIW R1E R2E 8 I
L _ |Smyze  R28E  RME  R25E |
; o : ] —— 1 !
s
Sl 13w
T il e
8 1/4
65
S > s 37 3
T | é 56 1 6
9 1
40°00' (— 8 o / 85
T RSE -
10 6
: T B - .
RGE R7E v
7 vy |
1 < 34 97 S
S™hoE R1TE  RIZE :’MT M\% A :
3
17 g% i s
EXPLANATION § »ffxr‘“f" = 4
Zone L-0 interval, oil vield (in millions of barrels) 13 \_§ "*:E % gé‘{ﬁ\ (%L WTai
S v = y .
- 198-244 T 7 j’n}%?‘ 1 @t g . a.‘ TRZE {
S - 14 % 14
B s B B
39°30' — - ‘:-/r?& - Y TRZBE  RZ4E |
W s R ARAE T '
[
RI5E §
T se10m2 N /{ T |
S }/1\3 3 16 |
|:| 10-39 RI6E RITE] 2 A ¢ I
17 \ e W\}'E TRZE |
Top of Mahogany bed sk, 17 '
S
T 7 o
Depth to Mahogany bed, 6,000-ft contour 188 ")z sg% A T R2E z ‘ %
18 |
< . ’ o
Base of Parachute Creek Member R1BE R . ’ 5l 3
0 6 12 MILES T 1 S
------- Defined boundary for assessment i |
0 5 10KILOMETERS L ¢ |
R19E  R2E  R2IE I
39°00' (— I
[

== 4 =~

pu

Figure 37. Isoresource map of the L-0 zone showing total number of barrels of oil in each township.
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56 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

Table 6. Total number of in-place barrels of oil per acre in each township for the L-0 zone
calculated here using the Radial Basis Function (RBF) method.

Township and Range L-0 zone, barrels Township and Range L-0 zone, barrels
T.1N,R. 103 W. 77,403,000 T.7S,R.20E. 223,979,000
T.1N,R. 104 W. 66,812,300 T.7S,R.21 E. 214,009,000
T.1S.,R. 103 W. 3,059,810 T.7S,R.22E. 174,857,000
T.1S.,R. 104 W. 70,025,200 T.7S,R.23 E. 165,163,000
T.2N,R. 103 W. 38,961,900 T.7S.,R.24E. 188,533,000
T.2N,R. 104 W. 64,762,200 T.7S,R.25E. 117,633,000
T.2S.,R. 104 W. 6,670,710 T.8S,R.20E. 124,915,000

T.3S,R.1E. 223,868,000 T.8S,R. 21 E. 173,690,000
T.3S,R. 1W. 244,065,000 T.8S.,R.22E. 153,178,000
T.3S,R.2E. 164,463,000 T.8S,R.23 E. 132,919,000
T.3S,R.2W. 236,071,000 T.8S.,R. 24 E. 175,916,000
T.3S.,R. 104 W. 938,085 T.8S,R.25E. 196,054,000
T.4S,R. 1E. 208,864,000 T.9S,R.20E. 149,207,000
T.4S,R. 1 W. 176,957,000 T.9S,R.21E. 134,039,000
T.4S,R.2E. 210,772,000 T.9S,R.22E. 107,468,000
T.4S,R.2W. 177,112,000 T.9S,R.23 E. 84,799,500
T.4S.,R.3E. 37,177,900 T.9S,R. 24 E. 146,553,000
T.5S,R.1E. 2,976,180 T.9S,R.25E. 197,487,000
T.5S,R.2E. 56,457,800 T.10S.,R. 22 E. 65,864,900
T.5S,R.3E. 9,958,680 T.10S.,R. 23 E. 77,249,200
T.6S,R.19E. 8,342,310 T.10S.,R. 24 E. 167,491,000
T.6S.,R.20E. 71,446,700 T.10S.,R. 25 E. 177,612,000
T.6S,R.21E. 20,014,900 T.11 S,,R.23 E. 33,828,800
T.7S,R.19E. 21,105,900

Zone L-0 total 2,627,125,075
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Figure 38. Isopach map of the R-1 zone using the Radial Basis Function (RBF) method for contouring. Contour interval in feet is variable.
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Figure 39. Isoresource map of the R-1zone showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring.
Core holes are shown in black, and rotary holes are shown in red.
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Figure 40. Isoresource map of the R-1zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Figure 41.

Isoresource map of the R-1 zone showing total number of barrels of oil in each township.
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Detailed Descriptions and Assessment Results of Oil Shale Zones

Table 7. Total number of in-place barrels of oil per acre in each township for the R-1 zone calculated here
using the Radial Basis Function (RBF) method.

Township and Range

R-1 zone, barrels

Township and Range

R-1 zone, barrels

T. 1N, R. 103 W.
T. 1N, R. 104 W.
T.1S,R. 103 W.
T.1S.,R. 104 W.
T.2N.,R. 103 W.
T.2N.,R. 104 W.
T.2S.,R. 104 W.
T.3S.R.1E.
T.3S.R. 1 W.
T.3S.R.2E.
T.3S.R.2W.
T.3S.,R. 104 W.
T.4S.R.1E.
T.4S.,R.1W.
T.4S.R.2E.
T.4S.,R.2W.
T.4S.R.3E.
T.5S.R.1E.
T.5S.,R.2E.
T.5S.R.3E.
T.6S.,R. 19E.
T.6S.,R.20E.
T.6S.,R.21E.
T.7S.R.19E.
T.7S.,R.20E.

741,724,000
640,238,000
25,582,200
582,281,000
436,247,000
818,584,000
67,036,300
10,052,300
2,964,450,000
3,171,800,000
2,250,930,000
2,986,600,000
2,926,240,000
2,396,490,000
3,141,920,000
2,312,220,000
593,900,000
44,815,000
907,493,000
168,962,000
110,763,000
956,173,000
271,558,000
286,661,000
3,188,700,000

T.7S.,R.21E.
T.7S.,R.22E.
T.7S.,R.23E.
T.7S.,R.24E.
T.7S.,R.25E.
T.8S.,R.20E.
T.8S.,R.21E.
T.8S.,R.22E.
T.8S.,R.23E.
T.8S.,R.24E.
T.8S.,R.25E.
T.9S.,R.20E.
T.9S.,R.21E.
T.9S.,R.22E.
T.9S.,R.23E.
T.9S.,R.24E.
T.9S.,R.25E.
T.10S.,R. 22 E.
T.10S.,R. 23 E.
T.10S., R. 24 E.
T.10S.,R. 25 E.
T.11S.R. 23 E.
T.11S.,R. 24 E.
T.11S.,R.25E.

3,127,910,000
2,570,580,000
2,112,360,000
2,052,560,000
1,480,330,000
2,037,500,000
3,029,580,000
3,006,900,000
2,737,630,000
2,395,000,000
2,654,910,000
2,896,930,000
2,999,050,000
3,025,680,000
3,336,230,000
2,866,900,000
1,912,540,000
3,108,060,000
3,572,730,000
3,093,850,000
1,788,490,000
2,975,190,000
2,680,420,000
1,912,160,000

Zone R-1 total

40,117,089,800
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Figure 42.

Isopach map of the L-1 zone using the Radial Basis Function (RBF) method of contouring. Contour interval in feet is variable.
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Detailed Descriptions and Assessment Results of Oil Shale Zones 63

the northeastern part of the basin (fig. 43). In this limited area,
estimated oil yields vary from 0.8 to 2.5 GPT (fig 43), esti-
mated BPA varies from 7,000 to 39,000 (fig. 44), maximum
in-place resource in a single township, T. 11 S.,, R. 23 E., is
791 MMB (fig. 45), and total in-place oil in the assessed area
is estimated to be 5.8 BBL (table 8).

R-2 Through L-3 Zones

The R-2, L-2, R-3, and L-3 zones comprise the third
stage of Lake Uinta as defined by Johnson (1985) and rep-
resent a transition from deposition of illitic-rich oil shales to
deposition of carbonate-rich oil shales in offshore areas of the
lake. These four zones contain large oil shale resources in the
Piceance Basin to the east, (Pitman and others, 1989; Johnson
and others, 2010) but resources in these zones appear to be
minimal in the Uinta Basin, and it is unlikely that any of their
low-grade and limited resources will ever be developed. They
are included here in order to make this assessment as complete
as possible. Johnson and others (1988) traced these zones
from the central part of the Piceance Basin into a compara-
tively thin interval of stromatolites, sandstone, and mudstone
varying from about 110 to 150 ft thick in outcrops along the
east margin of the Uinta Basin, but could not distinguish them
individually. Johnson (1989) then traced this combined inter-
val from outcrop at the east margin of the Uinta Basin west-
ward along the trough of the basin where it gradually thickens
to a maximum of about 400 ft in the western part of the
basin. The interval consists mainly of mudstone with varying
amounts of carbonate. Dyni (2008) published a cross section
along the trough of the Uinta Basin that included some of the
same wells used by Johnson (1989) and correlated the rich and
lean zones R-4 and above using sonic logs and oil-yield histo-
grams. Although Dyni (2008) did not correlate the R-2 through
L-3 interval along his line of section, the interval below the
R-4 zone, which would include the R-2 through L-3 zones,
contains little kerogen. For this assessment, we subdivided this
interval into the R-2, L-2, R-3, and L-3 zones only in a limited
area of the northeastern part of the basin, and assessed each of
the zones separately.

The R-2 zone, the thickest of these four oil shale zones,
ranges from 95 to 150 ft thick (fig. 46); it was assessed in
just one core hole and 15 rotary holes (fig. 47). Estimated oil
yield varies from 1.1 to 5 GPT (fig. 47), and estimated oil in
place varies from about 15 to 51 BPA (fig. 48). Maximum in-
place oil in a single township, T. 8 S., R. 23 E., is 897 MMB
(fig. 49). Total in-place oil in this limited assessment area is
estimated at 10.9 BBL (table 9).

The L-2 zone ranges in thickness from 10 to 50 ft. The
L-2 zone, in the limited area assessed in the northeast corner
of the basin (fig. 50), was assayed in just 1 core hole and 8
rotary holes (fig. 51). Estimated oil yield varies from 0.5 to 8.9
GPT (fig. 51), and estimated in-place oil varies from 1,000 to
22,000 BPA (fig. 52). Maximum in-place oil in a single town-
ship, T. 8 S., R. 22 E., is estimated at 315 MMB (fig. 53), and

total in-place oil in the limited area assessed is estimated at 1.7
BBL (table 10).

The R-3 zone ranges in thickness from 10 to 40 ft
(fig. 54) and was assessed in just two core holes and 10 rotary
holes in the northeast corner of the basin (fig. 55). Estimated
oil yield in this limited area varies from 1.3 to 20.4 GPT
(fig. 55), and in-place oil varies from 8,000 to 46,000 BPA
(fig. 56). Maximum in-place oil in a single township, T. 10 S.,
R. 23 E., is 535 MMB (fig. 57), and total in-place oil in the
area assessed is estimated at 3.8 BBL (table 11).

The L-3 zone ranges in thickness from 7 to 20 ft (fig. 58)
and was recognized in 2 core holes and 10 rotary holes in the
area assessed in the northeast corner of the basin (fig. 59).
Estimated oil yield in this limited area varies from 0.6 to 12.9
GPT (fig. 60), and in-place oil varies from 0 to 15,000 BPA
(fig. 60). Maximum in-place oil in a single township, T. 10 S.
R.23 E., is 219 MMB (fig. 61), and total in-place oil in the
limited area assessed is estimated at 1.4 BBL (table 12).

R-4 Zone Through Base of the Mahogany Zone

The base of the R-4 zone through the base of the Mahog-
any zone (Mahogany ledge in outcrop) comprises the fourth
stage of Lake Uinta of Johnson (1985). Cashion and Donnell
(1972) traced oil shale zone R-4 through the Mahogany zone
into the eastern part of the Uinta Basin (fig. 5), and these zones
were subsequently traced along the trough of the Uinta Basin
into the western part of the basin by Johnson (1985; 1989).
As previously discussed, all of the oil shale zones in this
interval were assessed to the outcrop of the Mahogany ledge,
and establishing regional trends in oil-yield values toward the
south margin of the basin was aided by the use of measured
sections by Cashion (1967).

A comparatively minor transgression marked the begin-
ning of this stage, extending oil shale deposition into areas
of the lake where marginal lacustrine facies previously
dominated (Johnson, 1985; 1988). Johnson (1985, p. 273)
suggested that this transgression may have been caused by
outflow from Lake Gosiute located to the north in the Greater
Green River Basin of southwestern Wyoming and north-
western Colorado (fig. 2). Johnson and others (2008) cited
evidence for a new source of clastic sediments from the north
starting at about the base of the R-4 zone, which supported the
interpretation that the transgression may have been caused by
the onset of outflow from Lake Gosiute.

At Hell’s Hole, along the northeast margin of the Uinta
Basin, adjacent to the crest of the Douglas Creek arch, the
transgression is marked by a shift from a marginal lacustrine
sequence of ostracodal and oolitic limestones, stromatolites,
thin sandstones, and carbonate-rich mudstone or marlstone
to oil shale interbedded with marlstone (Johnson and oth-
ers, 1989, sheet 2, Hell’s Hole measured section). A few
miles farther to the south at Evacuation Creek (Johnson and
others, 1988, sheet 2, Evacuation Creek measured section),
the marginal lacustrine, stromatolite-rich unit is overlain
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Figure 45.

Isoresource map of the L-1 zone showing total number of barrels of oil in each township
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Table 8. Total number of in-place barrels of oil per acre in
each township for the L-1 zone calculated here using the Radial
Basis Function (RBF) method.

Township and Range L-1 zone, barrels
T.7S.,R.23 E. 207,945,000
T.7S.,R.24 E. 175,043,000
T.7S.,R.25E. 110,725,000
T.8S.,R.23 E. 239,584,000
T.8S.,R. 24 E. 250,025,000
T.8S.,R.25E. 215,486,000
T.9S.,R.23 E. 372,637,000
T.9S.,R. 24 E. 299,015,000
T.9S.,R.25E. 199,863,000
T.10S.,R. 23 E. 617,668,000
T.10S.,R. 24 E. 417,636,000
T.10S.,R. 25 E. 212,761,000
T.11 S, R. 23 E. 790,733,000
T.11S.,R. 24 E. 571,805,000
T.11S.,R.25E. 304,891,000

Zone L-1 total 2,070,323,000
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Figure 46. Isopach map of the R-2 zone using the Radial Basis Function (RBF) method of contouring. Contour interval in feet is variable.
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Figure 48.

Isoresource map for the R-2 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Table 9. Total number of in-place barrels of oil per
acre in each township for the R-2 zone calculated
here using the Radial Basis Function (RBF) method.

Township and Range R-2 zone, barrels
T.7S,R.22E. 627,425,000
T.7S., R.23 E. 636,060,000
T.7S.,R. 24 E. 601,574,000
T.7S,R.25E. 449,302,000
T.8S,R.22E. 660,949,000
T.8S.,R.23 E. 897,008,000
T.8S.,R. 24 E. 662,287,000
T.8S,R.25E. 760,425,000
T.9S., R.22E. 423,224,000
T.9S,R.23E. 548,556,000
T.9S,R.24E. 520,603,000
T.9S,R.25E. 457,779,000

T.10S.,R. 22 E. 412,701,000
T.10S.,R. 23 E. 610,713,000
T.10S.,R. 24 E. 458,683,000
T.10S.,R. 25. E. 308,024,000
T.11 S, R.23 E. 833,561,000
T.11 S, R. 24 E. 630,622,000
T.11 S.,,R. 25 E. 378,869,000

Zone R-2 total 7,245,192,000
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$au07 ajeys |10 JO S)nsay juawssassy pue suonduasa(q pajielaq

€L



40°00°

39°30°

39°00"

Figure 51.

Core hole (in gallons per ton)

Rotary hole (in gallons per ton)

111°00 110°00 109°00°
I I f I
|
|
RE  R2IE ‘
|
RI1ZW _R1IW  RIOW RIW  Rgw N |
REE R7W W __R4W _R3W _R2W __RIW  RIE Sl R23E RZE HZbET
— | T N Feedea . [ ]
S Risw
T T
8 2
S N
. —1 .
9 1
wTo 3 !
19 5K 1
S l 'k r ’ \ J ¥ S
RGE RTE 7 T L
3 2 16 !
T (3 !
1 s
s
RI0E  RIE RIZE T
1
3
wgz %«v& ¥ S
EXPLANATION i ) )
Zone L-2 interval, average oil yield in gallons per ton 1 % J il\ (g}. 1T?I
. :
i , 4 |
T s10 ' ; § , 3 T |
L 8
S ) 01y
- 6.1-8 RI4E 70X 7 o ’
: - 3 TRZBE  RZE |
Ry AR '
P
2.14 RISET NG b 01 \
S 16
e : 5 o
RI6E  RITET el 3 : I
17 N TTQ |9
Top of Mahogany bed Sk :,4{ - 2
T s ‘
Depth to Mahogany bed, 6,000-ft contour 1 3 f =) g
s , |
o}
Base of Parachute Creek Member R1BE s l
0 6 12 MILES ' I
------- Defined boundary for assessment
b 4 sses 0 5 10KILOMETERS :
12 R21E l
|
|
!

Isoresource map of the L-2 zone showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring.
Core holes are shown in black, and rotary holes are shown in red.

vL

0peiojo9 pue yeyn ‘uiseq el ‘uoleLIo] ISAIY UIBIL) 3U3I0T Ay} Ul S3IN0SAY 3|eys |10 ade|d-U] JO JuWSSassy



111°00 110°30° 110°00° 109°30 109°00
I I I I f I
|
|
R19E R20E R21E ‘
T |
TEWW RUW _RIOW RSW  RBW  R7W OSW __RSW_ R4W _RIW __R2W AW __RIE QJ/\ - SME R23E  R24E RZ5E '
; o e A e e o
° N R 103 W
T ) T
8 ; 2
S N
I T
g ﬁ { r V] 3 \ !
40°00' [— N o N
T | ‘
10 . 3
S ( ’ \ .Z b ;
| 3 :
0 2
S
.
7 3
EXPLANATION A B
I 2
Zone L-2 interval, barrels per acre 153 f}? iﬂ\ ﬁ% wTsi
s
- 20,001-25,000 ! r5s ! 5 . 2 e |
§ ez - 5 1 |
B 15,001-20,000 : %‘s g [
2930 | '}’ TR23E  R24E |
10,001-15,000 15 |
- R15E \ﬂ% ?,}Fﬁ? 719 \
S g’ 6 |
|| 535,000 e G e |
17 . 4 VTE" T R23E o
Top of Mahogany bed Sk WJ 3 : 2
B S
Depth to Mahogany bed, 6,000-ft contour 188 % A wTs R22E 5 ‘ g
|
0 ’ o}
Base of Parachute Creek Member DR ’ '
0 6 12 MILES : T }
. . 19
------- Defined boundary for assessment 0 & 10KILOMETERS | S :
7 Core hole (in thousands of barrels) FImE et l
39°00" {— J Rotary hole (in thousands of barrels) I
| | ! |
Figure 52. Isoresource map of the L-2 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Isoresource map of the L-2 zone showing total number of barrels of oil in each township.
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Detailed Descriptions and Assessment Results of Oil Shale Zones

Table 10. Total number of estimated barrels of in-place oil resource
by township for the L-2 zone in the Green River Formation, Uinta Basin,
northeastern Utah calculated by the Radial Basis Function (RBF)

method.

Township and Range

L-2 zone, barrels

T.8S.,R.22E.
T.8S.R.23E.
T.9S.,R.22E.
T.9S.,R.23E.
T.9S.,R.24E.

T.10S.,R. 22 E.
T.10S.,R.23 E.
T.10S.,R. 24 E.
T.11 S.,R.23 E.

315,499,000
297,778,000
172,604,000
249,156,000
222,984,000

51,293,100
242,327,000
134,183,000

52,965,500

Zone L-2 total

1,258,021,000
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Figure 55. Isoresource map for the R-3 zone showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring. Core
holes are shown in black, and rotary holes are shown in red.
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Figure 56.

Isoresource map for the R-3 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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82 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

Table 11. Total number of in-place barrels of
oil per acre in each township for the R-3 zone
calculated here using the Radial Basis Function

(RBF) method.

Township and Range R-3 zone, barrels
T.8S.,R.22E. 454,854,000
T.8S.,R.23E. 441,591,000
T.9S.,R. 22 E. 322,212,000
T.9S.,R.23E. 434,709,000
T.9S.,R. 24 E. 377,658,000
T.10S.,R. 22 E. 120,763,000
T.10S.,R. 23 E. 534,809,000
T.10S.,R. 24 E. 403,343,000
T.10S.,R. 25 E. 164,288,000
T.11S.,R.23 E. 163,025,000
T. 11 S.,,R. 24 E. 209,179,000
T. 11 S.,,R. 25 E. 136,975,000

Zone R-3 total 3,763,406,000
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Figure 58. Isopach map of the L-3 zone using the Radial Basis Function (RBF) method of contouring. Contour interval in feet is variable.
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Figure 60. Isoresource map of the L-3 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Figure 61. Isoresource map of the L-3 zone showing total number of barrels of oil in each township.

0peiojo9 pue yeyn ‘uiseq el ‘uoleLIo] ISAIY UIBIL) 3U3I0T Ay} Ul S3IN0SAY 3|eys |10 ade|d-U] JO JuWSSassy



Detailed Descriptions and Assessment Results of Oil Shale Zones 87

Table 12. Total number of in-place barrels of oil per acre in each
township for the L-3 zone calculated here using the Radial Basis

Function (RBF) method.

Township and Range

L-3 zone, barrels

T.8S.,R. 22 E. 217,384,000
T.8S.,R.23 E. 169,914,000
T.9S.,R.22E. 132,102,000
T.9S.,R. 23 E. 145,161,000
T.9S.,R. 24 E. 111,112,000
T.10S.,R. 22 E. 76,524,700
T.10S.,R. 23 E. 218,967,000
T.10S.,R. 24 E. 141,849,000
T.10S.,R.25E. 23,897,800
T. 11 S.,R. 23 E. 77,136,800
T.11 S.,,R. 24 E. 58,558,900
T.11S,R.25E. 3,193,760
Zone L-3 total 1,375,800,960

by interbedded oil shale, ostracodal and oolitic limestone,
stromatolites, and thick (as much as 65 ft) persistent sandstone
units. Farther to the south, at Renegade Canyon along the
extreme southern exposure of the Green River Formation in
the Uinta Basin, all but the uppermost part of the interval from
the base of the R-4 zone to the base of the Mahogany grades
into fluvial rocks of the Renegade Tongue of the Wasatch For-
mation (Cashion, 1967, his pl. 3, Renegade Canyon measured
section).

The presence of stromatolites both above and below the
base of the R-4 zone at the Evacuation Creek section, as well
as many sections measured in the Piceance Basin to the east
(see for example, Johnson and others, 1989, sheet 1) indicate
that the increase in average water depth after this transgression
may not have been great. Although water levels probably fluc-
tuated throughout the history of this closed saline lake, aver-
age water levels appear to have increased somewhat beginning
with the deposition of the R-4 zone. Nahcolite is all but absent
from the lower part of the R-4 zone in the saline depocenter of
the Piceance Basin to the east except for a few comparatively
thin persistent beds high in nahcolite content (Dyni, 1974;
1981). This would suggest that lake water was less saline after
the transgression than before.

The R-4 zone ranges from about 35 to 50 ft thick in the
northeast part of the Uinta Basin, adjacent to the crest of the
Douglas Creek arch, and thickens to the north and west to a
maximum of about 200 ft (fig. 62). The R-4 zone was assessed
in 4 core holes and 53 rotary holes (fig. 63). Estimated oil
yields and in-place oil is greatest through a broad west-
northwest-trending depocenter in the northeastern part of the
basin where oil yields vary from 5 to 24 GPT (fig. 63), and
in-place oil varies from about 50,000 to 104,000 BPA (fig. 64).
The position of this depocenter, where estimated in-place oil
is greatest, does not shift to any large extent for any of the

younger oil shale zones. Maximum in-place oil in a single
township, T. 9 S., R. 23 E., is more than 1.7 BBL (fig. 65).
Estimated in-place oil for the R-4 zone for the entire assessed
area of the basin exceeds 70.5 billion barrels (table 13).

The L-4 zone thickens from about 24 to 43 ft along the
west flank of the Douglas Creek arch to a maximum of about
130 ft in the central part of the basin (fig. 66). It was assessed
in 4 core holes and 53 rotary holes (fig. 67). Results from the
core holes and nearby rotary holes are generally similar. Esti-
mated oil yields vary from about 2 to 8.2 GPT in the oil shale
depocenter (fig. 67), and estimated in-place oil varies from
about 12,000 to 35,000 BPA (fig. 68). Maximum in-place oil
in a single township, T. 7 S., R. 20 E., is 618 MMB (fig. 69).
Estimated in-place oil for the L-4 zone for the entire assessed
area of the basin exceeds 24.4 billion barrels (table 14).

The R-5 zone thickens from about 58 to 120 ft along the
west flank of the Douglas Creek arch to a maximum of about
220 ft in the western part of the Uinta Basin (fig. 70). The zone
was assessed in 6 core holes and 48 rotary holes (fig. 71). Esti-
mated oil yields vary from about 4 to 16.8 GPT in the oil shale
depocenter (fig.71), and estimated in-place oil varies from
about 45,000 to 155,000 BPA (fig. 72). Maximum in-place oil
in a single township, T. 7 S., R. 21 E., is 2.7 BBL (fig. 73).
Estimated in-place oil for the R-5 zone in the assessed area of
the basin is estimated at more than 83.4 BBL (table 15).

The L-5 zone thickens from about 60 to 100 ft along
the west flank of the Douglas Creek arch to a maximum of
about 230 ft in the northeast corner of the basin (fig. 74). It
was assessed in 10 core holes and 47 rotary holes (fig. 75).
Estimated oil yields in the oil shale depocenter vary from
about 3 to 10.8 GPT (fig. 75), and estimated in-place oil varies
from about 19,000 to 88,000 BPA (fig. 76). Maximum in-place
oil in a single township, T. 10 S., R. 23 E., is nearly 1.2 BBL
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Figure 62.

Isopach map of the R-4 zone using the Radial Basis Function (RBF) method of contouring. Contour interval in feet is variable.
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Figure 63. Isoresource map of the R-4 zone showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring. Core holes
are shown in black, and rotary holes are shown in red.
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Figure 64.

Isoresource map of the R-4 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Figure 65.

Isoresource map of the R-4 zone showing total number of barrels of oil in each township.
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92 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

Table 13. Total number of in-place barrels of oil per acre in each township for the R-4 zone calculated here using the Radial Basis

Function (RBF) method.

Township and Range

R-4 zone, barrels

Township and Range

R-4 zone, barrels

Township and Range

R-4 zone, barrels

T. 1N, R. 103 W.
T. 1N, R. 104 W.
T.1S.,R. 103 W.
T.1S.,R. 104 W.
T.2N.,R. 103 W.
T.2N.,R.104 W.
T.2S.,R. 104 W
T.3S.,R.1E.
T.3S.,R. 1W.
T.3S.,R.2E.
T.3S.,R.2W.
T.3S.,R.3W.
T.3S.,R.4W.
T.3S.,R.5W.
T.3S.,R.6W.
T.3S.,R.7W.
T.3S.,R. 8 W.
T.3S.,R.9W.
T.3S.,R. 104 W.
T.4S,R.1E.
T.4S.,R. 1W.
T.4S.,R.2E.
T.4S.,R.2W.
T.4S.,R.3E.
T.4S.,R.3W.
T.4S.,R.4W.
T.4S.,R.5W.
T.4S.,R.6W.
T.4S.,R.7W.
T.4S.,R.8W.
T.4S.,R.9W.
T.5S.,R.1E.
T.5S.,R.2E.
T.5S.,R.3E.
T.5S.,R.3W.
T.5S.,R.4W.
T.5S.,R.5W.
T.5S.,R.6W.
T.5S.,R.7W.
T.5S.,R. 8 W.
T.5S.,R.9W.
T.6S.,R.3W.
T.6S.,R. 4 W.

334,122,000
294,955,000
11,119,100
231,003,000
202,212,000
379,861,000
24,352,600
1,150,760,000
1,174,380,000
989,005,000
1,181,770,000
866,035,000
833,693,000
1,256,150,000
701,458,000
419,621,000
394,497,000
192,563,000
3,569,930
1,248,870,000
965,207,000
1,525,980,000
926,085,000
288,283,000
967,018,000
968,296,000
883,806,000
576,925,000
544,488,000
470,139,000
394,821,000
21,613,400
470,541,000
85,287,200
395,258,000
679,471,000
581,298,000
449,965,000
390,186,000
319,854,000
266,306,000
130,393,000
400,798,000

T.6S,R.5W.
T.6S.,R.6 W
T.6S,R.7W.
T.6S.,R.8W.
T.6S.,R.9W.

T.6S.,R.19E.
T.6S.,R.20 E.
T.6S.,R.21E.
T.7S.,R.19E.
T.7S.,R.20 E.
T.7S.,R.21E.
T.7S.,R.22E.
T.7S.,R.23E.
T.7S.,R. 24 E.
T.7S.,R.25E.

T.7S.,R.4W.
T.7S.,R.5W.
T.7S.,R.6 W.
T.7S.,R.7TW.
T.7S.,R.8W.
T.7S.,R.9W.

T.8S.,R.15E.
T.8S.,R.16E.
T.8S.,R.17E.
T.8S.,R.18E.
T.8S.,R.19E.
T.8S., R.20E.
T.8S.,R.21E.
T.8S.,R.22E.
T.8S.,R.23E.
T.8S.,R. 24 E.
T.8S.,R.25E.
T.9S.,R.15E.
T.9S.,R.16E.
T.9S.,R.17E.
T.9S.,R.18E.
T.9S.,R. 19E.
T.9S.,R.20E.
T.9S.,R.21E.
T.9S.,R.22E.
T.9S.,R.23 E.
T.9S.,R. 24 E.
T.9S.,R.25E.

379,778,000
302,420,000
226,295,000
135,296,000

26,757,700
47,710,000
420,655,000
123,760,000
125,296,000
1,417,350,000
1,454,390,000
1,367,770,000
1,127,650,000
883,331,000
602,413,000
70,365,700
66,139,500
40,973,400
16,345,300
8,528,750
417,687
77,518,600
512,422,000
623,660,000
430,107,000
23,797,600
956,491,000
1,529,860,000
1,815,100,000
1,584,540,000
1,096,050,000
1,183,670,000
307,832,000
761,281,000
899,425,000
1,125,270,000
1,211,970,000
1,537,810,000
1,536,980,000
1,513,630,000
1,715,640,000
994,884,000
732,028,000

T.

HHH5993993939399393933993939339333339333393333393333

10S.,R
10S.,R
10S.,R
10S.,R
10S.,R
10S.,R
10S.,R
10S.,R
10S.,R

10 S, R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11S.,R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
11 S, R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.

.11 E.
.12 E.
.13 E.
. 14 E.
.15 E.
.16 E.
.17 E.
.18 E.
.19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
10 E.
11 E.
12 E.
13 E.
14 E.
IS E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
14 E.
IS E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.

3,657,150
208,047
3,794,730
33,175,500
294,571,000
396,976,000
473,143,000
610,149,000
934,158,000
994,653,000
916,460,000
1,028,870,000
1,575,730,000
1,066,000,000
603,986,000
120,439
35,283,800
74,926,100
89,526,400
97,194,900
157,193,000
185,668,000
203,703,000
227,962,000
348,832,000
304,703,000
293,508,000
459,518,000
612,847,000
630,782,000
634,424,000
19,859,400
9,290,950
34,287,000
59,926,900
45,906,500
123,757,000
128,054,000
152,143,000
146,504,000
191,836,000
309,270,000
104,890,000



Detailed Descriptions and Assessment Results of Oil Shale Zones

Table 13. Total number of in-place barrels of oil per acre in each township for the R-4
zone calculated here using the Radial Basis Function (RBF) method.—Continued

Township and Range

R-4 zone, barrels

Township and Range

R-4 zone, barrels

T.

- -4 T4 444+ 4443434443433

13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
138, R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
138, R.
14S.R.
14S.R.
14 S, R.
14S.R.
14S.,R.
14 S, R.
14S.R.
14S.R.
14S.,R.
14S.R.
.14 S, R.
T.15%S., R. 21 E.
T.15%S., R.22E.

14 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25E.
14 E.
IS E.
16 E.
17 E.
I8 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.

7,497,090
7,941,540
6,130,640
2,543,270
17,987,200
28,336,000
35,890,300
23,636,300
20,181,800
39,152,700
60,861,500
38,850,600
0

0

0

977,767
377,779
1,406,580
2,156,140
78,873

0

233,098
386,568

0

0

T.

HHH3 39933993393 3993 39339392334

15S.,R
15S.,R
I5S,R

15S., R.
15S.,R.
158, R.
158, R.
16 S., R.
16 S., R.
16 S., R.
16 S., R.
16 S., R.
16S., R.
16S., R.
16 S., R.
17S.,R.
17S., R.
17S., R.
17S.,R.
17S.,R.
18S., R.
18S., R.
.18 S.,R.
18S.,R.
.19 S.,R.

.16 E.
.17 E.
.18 E.
19 E.
20 E.
21 E.
22 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
18 E.
19 E.
20 E.
21 E.
22 E.
18 E.
19 E.
20 E.
21 E.
19 E.

0
1,488
253,861

0
0
0
0
0

80,364
3,469,410
3,217,200

397,586
17,700
230,068
430,582
559,912
4,527,190
3,859,680
928,517
322,927
18,227
612,342
2,797,700
1,485,840
5,463

Zone R-0 total

70,540,939,799
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Figure 66.

Isopach map of the L-4 zone using the Radial Basis Function (RBF) method of contouring. Contour interval in feet is variable.
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Figure 67. Isoresource map of the L-4 zone showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring. Core

holes are shown in black, and rotary holes are shown in red.
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Figure 68.

Isoresource map of the L-4 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Figure 69.

Isoresource map of the L-4 zone showing total number of barrels of oil in each township.
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98 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

Table 14. Total number of in-place barrels of oil per acre in each township for the L-4 zone calculated here using the Radial

Basis Function (RBF) method.

Township and Range

L-4 zone, barrels

Township and Range

L-4 zone, barrels

Township and Range

L-4 zone, barrels

T. 1IN, R. 103 W.
T.IN.,R. 104 W.
T.1S.,R.103W.
T.1S.,R. 104 W.
T.2N.,R. 103 W.
T.2N.,R.104 W.
T.2S.,R. 104 W.
T.3S.R.1E.
T.3S,R.1W.
T.3S.R.2E.
T.3S.R.2W.
T.3S.R.3W.
T.3S.,R.4W.
T.3S.R.5W.
T.3S.R.6W.
T.3S.,R.7W.
T.3S.R.8W.
T.3S.R.9W.
T.3S.,R. 104 W.
T.4S.R.1E.
T.4S.R. 1 W.
T.4S.,R.2E.
T.4S.R.2W.
T.4S.,R.3E.
T.4S.,R.3W.
T.4S.R.4W.
T.4S.,R.5W.
T.4S.,R.6W.
T.4S.R.7W.
T.4S.,R.8W.
T.4S.,R.9W.
T.5S.R.1E.
T.5S.,R.2E.
T.5S.,R.3E.
T.5S.R.3W.
T.5S.R.4W.
T.5S.,R.5W.
T.5S.,R.6W.
T.5S.R.7W.
T.5S.,R.8W.
T.5S.,R.9W.
T.6S.,R.3W.
T.6S.,R. 4 W.

81,842,900
81,169,900
2,932,050
68,479,600
42,186,800
74,000,100
4,944,960
513,068,000
432,784,000
437,678,000
338,357,000
230,096,000
159,965,000
202,134,000
119,549,000
66,228,100
50,438,900
22,207,800
641,368
519,848,000
349,708,000
571,154,000
281,053,000
120,625,000
282,908,000
225,295,000
180,641,000
121,969,000
80,298,100
57,126,800
41,658,700
8,337,250
186,266,000
39,393,300
137,730,000
207,056,000
150,445,000
105,065,000
69,030,800
40,431,300
24,194,200
59,325,500
161,166,000

T.6S,R.5W.
T.6S.,R.6 W.
T.6S.,R.7TW.
T.6S.,R.8W.
T.6S,R.9W.

T.6S.,R.19E.
T.6S.,R.20E.
T.6S.,R.21E.
T.7S.,R. 19E.
T.7S.,R.20E.
T.7S.,R.21E.
T.7S.,R.22E.
T.7S.R.23E.
T.7S.,R.24E.
T.7S.,R.25E.

T.7S.,R.4W.
T.7S.,R.5W.
T.7S.R.6W.
T.7S.,R.7W.
T.7S.,R.8W.
T.7S.,R.9W.

T.8S.R.I5SE.
T.8S.R.I6E.
T.8S.,R.17E.
T.8S.,R. I8 E.
T.8S.,R. I9E.
T.8S.,R.20E.
T.8S.,R.21E.
T.8S.,R.22E.
T.8S.,R.23E.
T.8S.,R.24E.
T.8S.,R.25E.
T.9S.,R.I5E.
T.9S.,R.16E.
T.9S,R.17E.
T.9S.,R. I8 E.
T.9S,R.19E.
T.9S.,R.20E.
T.9S,R.21E.
T.9S.,R.22E.
T.9S.,R.23E.
T.9S.,R.24E.
T.9S.,R.25E.

125,326,000
84,790,100
51,505,000
22,121,100

2,694,280
20,276,800

169,554,000
47,030,900
54,375,100

617,873,000

575,372,000

409,922,000

245,008,000

140,135,000

122,034,000
33,490,500
27,998,600
12,200,400

4,731,220
2,374,840
51,922
26,400,300

180,025,000

243,296,000

180,539,000

9,395,340

410,880,000

524,740,000

468,173,000

416,668,000

354,297,000

286,803,000

125,845,000

346,884,000

442,222,000

545,780,000

566,872,000

583,944,000

343,254,000

286,745,000

373,561,000

522,356,000

314,859,000

T.

S P9 8939939393393 393393 3393339333813 +9

10S.,R. 11 E.
10S.,R. 12 E.
10S.,R. 13 E.
10S.,R. 14 E.
10S.,R. I5E.
10S.,R. 16 E.
10S.,R. 17 E.
10S.,R. 18 E.
10S.,R. 19E.
10S.,R. 20 E.
10S.,R. 21 E.
10S.,R. 22 E.
10S.,R. 23 E.
10S.,R. 24 E.
10S.,R. 25 E.
11S.,R. 10E.
11S.,R.11E.
11S.,R.12E.
11S.,R. I3E.
11S.,R.14E.
11S.,R.I5SE.
_11S.,R.16E.
11S.,R.17E.
11 S.,R.I8E.
_11S.,R.19E.
11S.,R.20E.
.11S.,R.21E.
11S.,R.22E.
_11S.,R.23E.
.11 S.,R. 24 E.

T.11 S.,R25E.

HH a8 59399833313

12S.,R. 14E.
12S.,R. 15E.
12S.,R. 16 E.
12S.,R.17E.
12S.R. I8 E.
12S.,R. 19E.
12S.,R.20 E.
12S.,R.21E.
12S.,R. 22 E.
.12S.,R.23E.
. 12S.,R.24E.
128, R.25E.

1,032,340
59,086
1,392,130
16,781,700
169,424,000
285,418,000
360,780,000
442,345,000
472,995,000
330,688,000
310,605,000
306,122,000
333,071,000
223,335,000
170,277,000
46,750
11,610,900
24,004,300
38,815,900
54,795,300
123,397,000
183,049,000
215,093,000
231,845,000
266,119,000
235,283,000
220,399,000
177,884,000
254,295,000
191,208,000
115,486,000
20,991,100
15,031,600
49,335,800
79,379,000
57,536,200
145,118,000
128,178,000
90,865,000
55,346,700
71,146,200
100,975,000
23,841,300



Detailed Descriptions and Assessment Results of Oil Shale Zones

Table 14. Total number of in-place barrels of oil per acre in each township for the
L-4 zone calculated here using the Radial Basis Function (RBF) method.—Continued

Township and Range

L-4 zone, barrels

Township and Range

L-4 zone, barrels

T.
.13 S, R
.13 S, R

HH A8 9933993393393 33933323

13S.,R

13S.,R
13S,R

13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
14 S, R.
14S.R.
14S.R.
14 S, R.
14S.R.
14S.R.
14 S, R.
14S.R.
14S.R.
14 S, R.
14S.R.
T.15%S., R.21E.
T.15%S., R.22E.
T.15%S., R. 23 E.

.14 E.
.15 E.
.16 E.
.17 E.
.18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
14 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.

18,089,100
38,079,500
35,853,200
5,387,970
37,804,200
59,601,600
56,960,200
30,520,500
23,137,000
19,304,400
21,101,500
9,764,300
4,390,520
17,818,800
8,939,510
2,555,820
13,935,200
18,481,500
24,996,700
5,266,380
4,197,170
1,646,000
930,828
557,623
538,273
99,795

T.

HH 9595999393933 993333 3393432323 93

I15S.,R

15S.,R.
15S.,R.
158, R.
15S.,R.
15S.,R.
158, R.
16S.,R.
16S., R.
16 S., R.
16S.,R.
16S.,R.
16 S., R.
16S.,R.
16S.,R.
17S.,R.
17S.,R.
17S.,R.
17S.,R.
17S.,R.
18S., R.
18S., R.
18S., R.
.18 S, R.
.19 S.,R.
198, R

.16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
18 E.
19 E.
20 E.
21 E.
22 E.
I8 E.
19 E.
20 E.
21E.
19 E.
.20 E.

1,033,930
1,203,340
6,148,110
9,984,860
9,425,010
4,892,790
1,624,970

120,218
194,204
5,065,380

10,615,400
6,758,340
5,590,170
5,829,000
1,812,750

696,466
6,086,420
5,806,540
5,305,560
2,826,110

56,670
1,793,360
3,403,890
2,362,010
108,286
30,433

Zone L-4 total

24,437,646,799

99
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Figure 70.

Isopach map of the R-5 zone using the Radial Basis Function (RBF) method of contouring. Contour interval in feet is variable.
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Figure 71. Isoresource map of the R-5 zone showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring. Core holes
are shown in black, and rotary holes are shown in red.
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Figure 72.

Isoresource map of the R-5 zone showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Figure 73.

Isoresource map of the R-5 zone showing total number of barrels of oil in each township.
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104 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

Table 15. Total number of in-place barrels of oil per acre in each township for the R-5 zone calculated here using the Radial Basis

Function (RBF) method.

Township and Range

R-5 zone, barrels

Township and Range

R-5 zone, barrels

Township and Range

R-5 zone, barrels

T. 1N, R. 103 W.
T. 1IN, R. 104 W.
T.1S.,R. 103 W.
T.1S.,R. 104 W.
T.2N.,R. 103 W.
T.2N.,R.104 W.
T.2S.,R. 104 W
T.3S,R.1E.
T.3S.R. 1 W.
T.3S,R.2E.
T.3S.,R.2W.
T.3S.R.3W.
T.3S.,R.4W.
T.3S.,R.5W.
T.3S.R.6W.
T.3S.,R.7W.
T.3S.,R.8W.
T.3S.,R.9W.
T.3S.,R. 104 W.
T.4S,R.1E.
T.4S.,R. 1 W.
T.4S.,R.2E.
T.4S.R.2W.
T.4S.R.3E.
T.4S.,R.3W.
T.4S.R.4W.
T.4S.R.5W.
T.4S.,R.6W.
T.4S.R.7W.
T.4S.R.8W.
T.4S.,R.9W.
T.5S.R.1E.
T.5S.R.2E.
T.5S.,R.3E.
T.5S.,R.3W.
T.5S.R.4W.
T.5S.,R.5W.
T.5S.R.6W.
T.5S.R.7W.
T.5S.,R.8W.
T.5S.,R.9W.
T.6S.,R.3W.
T.6S.,R.4W.

393,496,000
398,128,000
15,124,300
368,424,000
199,224,000
356,303,000
34,476,900
1,023,080,000
1,120,730,000
1,059,670,000
1,060,490,000
661,882,000
413,047,000
443,161,000
522,327,000
475,274,000
454,306,000
221,339,000
4,765,830
1,101,150,000
967,853,000
1,677,770,000
933,174,000
392,602,000
808,351,000
593,047,000
514,229,000
560,951,000
635,925,000
578,036,000
497,019,000
20,708,600
466,463,000
91,013,400
371,532,000
552,533,000
459,388,000
461,707,000
460,923,000
395,441,000
352,577,000
152,231,000
439,956,000

T.6S.,R
T.6S.,R
T.6S.,R
T.6S.,R
T.6S.,R
T.6S.,R.
T.6S.,R.
T.6S.,R.
T.7S.R.
T.7S.R.
T.7S.R.
T.7S.R.
T.7S.R.
T.7S.R.
T.7S.R.
T.7S.,R
T.7S.R
T.7S.R
T.7S.,R
T.7S.R
T.7S.R
T.8S.R.
T.8S.R.
T.8S.R.

T.8S.R.
T.8S.R.
T.8S.R.
T.8S.R.
T.8S.R.
T.8S.R.
T.8S.R.
T.8S.R.
T.9S.R.
T.9S.,R.
T.9S.R.
T.9S.R.
T.9S.,R.
T.9S.R.
T.9S.R.
T.9S.,R.
T.9S.R.
T.9S.R.
T.9S.,R.

.5 W.
.6 W.
.TW.
.8 W.
RS

19 E.
20 E.
21 E.
19E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.

L4 W
LS W
.6W.
LTW.
.8 W.
VA

IS E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25E.

381,094,000
325,461,000
267,366,000
170,152,000
34,824,500
61,945,200
640,811,000
204,516,000
167,251,000
2,412,070,000
2,722,910,000
1,814,890,000
1,070,640,000
593,340,000
330,037,000
91,356,600
84,132,000
44,892,300
19,320,700
10,711,200
513,825
75,809,300
545,086,000
655,949,000
412,216,000
22,719,500
1,584,030,000
2,404,750,000
2,086,880,000
1,668,810,000
1,470,490,000
1,282,800,000
337,192,000
923,611,000
1,056,840,000
1,121,050,000
1,013,580,000
1,446,030,000
1,761,180,000
1,876,010,000
2,263,920,000
2,092,530,000
1,423,700,000

T.

HH 3999933393 399333 3339598939333 34353

S A AHa4a955333 3

10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
10S., R.
10S.,R.
10S.,R.
10S., R.
11S.,R.
11S.,R.
11S.,R.
118, R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S,R.
11S.,R.
11 S, R.
11 S, R.
T.11S.,R25E.
.12 S, R.
.12 S, R.
12S.,R.
128, R.
12S.,R.
12S.,R.
128, R.
12S.,R.
12S.,R.
.12 S, R.
.12 S, R.
.12 S, R.

11 E.
12 E.
13 E.
14 E.
IS E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
10 E.
11 E.
12 E.
13 E.
14 E.
15 E.
16 E.
17 E.
I8 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.

14 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25E.

4,177,860
215,472
4,337,340
43,506,000
427,781,000
660,676,000
738,729,000
787,721,000
799,260,000
812,216,000
843,282,000
1,166,870,000
2,081,010,000
1,879,870,000
1,076,970,000
149,883
39,736,800
83,382,200
113,335,000
145,745,000
305,870,000
410,940,000
442,404,000
399,908,000
453,641,000
392,824,000
422,246,000
666,226,000
911,772,000
987,641,000
906,688,000
48,604,000
34,076,000
104,436,000
148,258,000
98,600,300
240,233,000
229,265,000
263,333,000
353,475,000
423,879,000
489,935,000
148,611,000
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Table 15. Total number of in-place barrels of oil per acre in each township for the R-5 zone

calculated here using the Radial Basis Function (RBF) method.—Continued

Township and Range

R-5 zone, barrels

Township and Range

R-5 zone, barrels

T. 13S.,R.
.13 S, R.
.13 S, R.
.13 S, R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
13S.,R.
14 S, R.
14S.R.
14 S, R.
14 S, R.
14S.R.
14 S, R.
14 S, R.
14S.R.
.14 S, R.
.14 S, R.
.14 S, R.
T.15%S., R.21E.
T.15%S., R. 22 E.
T.15%S., R.23E.
T.15S.,R.15E.

HHHS9 3993393393393 3942333813

14 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
14 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.

36,684,400
75,341,000
59,644,300
8,697,610
51,266,600
75,204,600
106,032,000
87,852,200
133,977,000
128,559,000
108,521,000
53,292,800
6,284,980
18,624,400
6,922,870
1,243,710
5,589,610
16,056,100
41,052,700
11,382,900
18,164,200
7,917,130
2,262,770
429,898
296,827
24,021

0

T.

- 4344444334334 3 3434334343343 34

15S.,R
15S.,R
15S., R

15S., R.
15S.,R.
158, R.
15S., R.
16 S., R.
16 S., R.
16S., R.
16S., R.
16 S., R.
16S.,R.
16S.,R.
16 S., R.
17S.,R.
17S., R.
17S.,R.
17S.,R.
17S.,R.
18S.,R.
18S., R.
18S., R.
18 S, R.
19S., R.

19S.,R
19S,R

.16 E.
.17 E.
.18 E.
19 E.
20 E.
21 E.
22 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
18 E.
19 E.
20 E.
21 E.
22 E.
18 E.
19 E.
20 E.
21 E.
19 E.
.20 E.
.21 E.

0

0
1,163,720
5,669,140
13,847,200
2,431,190
1,638,720
0

60,582
3,576,130
8,974,610
10,590,200
2,407,930
2,240,850
1,188,430
558,723
6,020,100
6,570,460
1,943,770
393,702
10,634
482,290
2,863,700
1,037,440
0

1,138
5,256

Zone R-5 total

83,410,081,551

105



1M1°00° 110°30° 110°00° 109°30° 109°00°
\ \ \ i \
|
|
20 180
é RI9E  R20E__ R2I1E l
T |
220 . 240
R1IZW_R1IW _ R1OW  RIW  RgWw d e 6 I
RGE R7TW
; T'l'\ REW j H?W HA.VZ\/10 R3W R2W R1W R1E R2E SRZZE R23E R24F R25E
3 Tl
; H 2 - 7
o O 70 S R 103 W
; 110 * 0 d ;
S J 100 1 100 120 Jio \ N
i ﬁ/’ \.U.ll g * — 3 A :80 .om T
9 ?m\/ Ed 10 9 o i !
40°00' | S X K. d N
T . i -
10 J ® g © 110 'm_—a (] T
S . & ég .50. ; .: ;
. .73 69
B3
by / 120 50 | J56 . T
T L]
T - ' ;
S ~2 % A J’
RIOE ™ RITE R1ZE —Rige; ol : T
EXPLANATION : A »zf‘% —
A T
Zone L-5 interval (thickness in feet) 133 ~ % ‘}?’ 3%“ (&L w3|
CHASIERN A 4» 'S
] 201-250 R e sy v %g; g . B e |
3 3 N £ ) 14
s N 2 h,
B 100 5 A -
39°30' (— 15 @ = i 3‘ 3 TR23E  R24E i
L] o150 5% w | ]
< . P ¢ (S I
RISET
] sot00 : X : |
S dl\&,h 16 |
Top of Mahogany bed RIGE  RI7E] _r/{ s
17 . > Ty %" TR23E °
Depth to Mahogany bed, 6,000-ft contour Sh WS7 E I %
T /i
[/
Base of Parachute Creek Member N ‘321 g % @ § N fizzt 5 ! g
. ‘ )
S |
------- Defined boundary for assessment R1BE " &
v 0 6 12MILES : T |
J Drill hole (interval thickness in feet) 9 |
0 5 10KILOMETERS S |
R19E  R20E  R2IE l
39°00° |— I
L

Figure 74.

Isopach map of the L-5 zone using the Radial Basis Function (RBF) method of contouring. Contour interval in feet is variable.
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Detailed Descriptions and Assessment Results of Oil Shale Zones

(fig. 77). Estimated in-place oil for the zone in the assessed
area of the basin exceeds 44.0 BBL (table 16).

The R-6 zone thickens from about 166 to 200 ft along
the west flank of the Douglas Creek arch to a maximum of
over 450 ft in the western part of the Uinta Basin (fig. 78); the
lower two-thirds contain sandstone beds that are represented
on oil-yield graphs by intervals with no yield (fig. 5). The
R-6 zone was assessed in 11 core holes and 79 rotary holes
(fig. 79). Estimated oil yields in the oil shale depocenter vary
from about 5 to 13.9 GPT (fig. 79), and estimated in-place oil
varies from about 100,000 to 195,000 BPA (fig. 80). Maxi-
mum in-place oil in a single township, T. 7 S., R. 20 E., is
nearly 3.9 BBL (fig. 81). The R-6 zone is the fourth richest of
the assessed oil shale zones with estimated in-place oil at more
than 176.6 BBL (table 17).

B-groove thickens from about 5 to 50 ft along the west
flank of the Douglas Creek arch to a maximum of about 160
ft in the north-central part of the basin (fig. 82). The unit was
assessed in 56 core holes and 81 rotary holes (fig. 83). As
previously discussed, in-place oil estimates for B-groove are
almost certainly too high in areas were core hole data is not
available. Estimated oil yields in the oil shale depocenter vary
from about 1 to 14.5 GPT, with most values less than 5 GPT
(fig. 83). Estimated in-place oil in the oil shale depocenter
varies from about 5,000 to 72,000 BPA (fig. 84). Maximum in-
place oil in a single township, T. 10 S., R. 22 E., is 858 MMB
(fig. 85). Estimated in-place oil for B-groove in the basin
exceeds 37.2 BBL (table 18).

Mahogany Zone to the Top of the Green River
Formation

The interval from the top of the Mahogany zone to the
top of the Green River Formation includes the fifth and final
stage of Eocene Lake Uinta (fig. 5; Johnson, 1985). As previ-
ously discussed, the beginning of this stage is marked by a
major expansion of Lake Uinta that appears to have been
caused, in part, by an increase in outflow into Lake Uinta from
Lake Gosiute to the north. For the Uinta Basin, this expansion
resulted in a shift from the deposition of oil shale interbedded
with kerogen-poor lithologies (sandstone, siltstone, mudstone,
and carbonates) to the deposition of nearly continuous oil
shale that spread across almost the entire area where the Green
River Formation is now preserved in the basin. During this
period, several hundred feet of nearly continuous oil shale of
varying richness accumulated, and has been the focus of most
attempts to develop the oil shale resources of the basin. Maxi-
mum expansion of the lake probably occurred during deposi-
tion of the Mahogany bed of the Mahogany zone (fig. 5).

Southward-thickening clastic-rich wedges of sandstone,
siltstone, and carbonate-rich mudstone with some algal stro-
matolites are present in the Mahogany zone, both above and
below the Mahogany bed, in areas toward the south margin
of the basin (Cashion, 1967, his pls. 3 and 4). As these clastic
wedges thicken, the Mahogany intervals above and below
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them become progressively leaner and ultimately become
indistinguishable from the clastic wedges themselves. Along
the extreme south margin of the basin, only the Mahogany bed
and a thin interval of oil shale immediately above and below it
are all that remain of the Mahogany zone. South of the red line
(fig. 86), the zone is incomplete due to parts of the upper and
lower zone grading into clastics and, the isopach map of the
Mahogany zone south of this line represents only part of the
stratigraphic interval represented by it.

Four intervals from the fifth stage of Lake Uinta are
assessed (1) the Mahogany zone, (2) A-groove, (3) top of
A-groove to top of bed 44 of Donnell (2008), and (4) top of
bed 44 to top of bed 76 of Donnell (2008; see fig. 8). Another
interval, as much as 2,000 ft thick of mostly low-grade oil
shale and barren carbonate rock, present in the uppermost part
of the Green River Formation above bed 76 along the deep
basin trough in the central and western part of the Uinta Basin
is not assessed (Johnson, 1989, Dyni, 2008). In the Mountain
Fuels Cedar Rim 2 well in sec. 20, T. 3 S., R. 6 W., bed 76
probably is at a depth of 3,440 ft (well no. 3 on pl. 1). Tops of
cuttings from this well (Dyni 2008, his pl. 2) show continuous
low-grade oil shale and barren rock from 1,610 to 3,440 ft.
Average yield for this 1,830-ft-thick interval above bed 76 is
only 3.8 GPT, with one 40-ft interval, from 2,780 to 2,820 ft,
yielding an average of 11.1 GPT.

The Mahogany zone is the richest, most widespread
oil shale zone in the Uinta Basin; it is the target for most oil
shale development projects in the basin. The isopach map of
the Mahogany zone is complex (fig. 86). In about the north-
eastern one-third of the basin, the Mahogany zone generally
increases in thickness to the north-northeast from about 65 to
160 ft (fig. 86). In the western one-third of the basin, it gener-
ally thickens to the north from 106 to more than 300 ft. In the
southern part of the basin, where the Mahogany zone is only
partially preserved, the remainder varies widely from 9 to 185
ft thick depending on the thickness of clastic wedges within
it (fig. 86). The insertion of these clastic wedges toward the
south is marked by a distinct thickening of the Mahogany zone
just north of the area where it is only partially preserved (fig.
80).

The Mahogany zone was assessed in 119 core holes and
88 rotary holes in the basin (fig. 87). Oil yield is greatest in a
west-northwest-trending depocenter in the eastern one-third
of the basin where average oil yield varies from about 20 to
25 GPT (fig. 87). Oil yields gradually decrease to the west-
northwest, away from this depocenter, to as low as 3 to 5 GPT
in the westernmost part of the basin. In the southern part of
the basin, where the Mahogany zone is split by clastic wedges
and only partially preserved, average oil yields vary mark-
edly from a maximum of 30 GPT to a minimum of 3.4 GPT
(fig. 87), with lower GPT values in areas where thick clastic
wedges are present in the zone. In-place oil varies from about
120,000 to 230,000 BPA in the depocenter to as low as about
25,000 BPA in some areas in the western part of the basin
and as little as 3,000 BPA along the south margin (fig. 88).
Although oil yields can be high in places in the southern part
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Figure 77.

Isoresource map of the L-5 zone showing total number of barrels of oil in each township.
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Detailed Descriptions and Assessment Results of Oil Shale Zones m

Table 16. Total number of in-place barrels of oil per acre in each township for the L-5 zone calculated here using the Radial Basis

Function (RBF) method.

Township and Range

L-5 zone, barrels

Township and Range

L-5 zone, barrels

Township and Range

L-5 zone, barrels

T.IN., R. 103 W.
T. 1N, R. 104 W.
T.1S.,R. 103 W.
T.1S.,R. 104 W.
T.2N.,R. 103 W.
T.2N.,R.104 W.
T.2S,R. 104 W
T.3S.,R.1E.
T.3S,R.1W.
T.3S.R.2E.
T.3S,R.2W.
T.3S.,R.3W.
T.3S.R.4W.
T.3S.R.5W.
T.3S.R.6W.
T.3S.R.7W.
T.3S.R.8W.
T.3S.,R.9W.
T.3S.,R. 104 W.
T.4S.R.1E.
T.4S,R.1W.
T.4S.R.2E.
T.4S.,R.2W.
T.4S.,R.3E.
T.4S.R.3W.
T.4S.,R.4W.
T.4S.,R.5W.
T.4S.R.6W.
T.4S.,R.7W.
T.4S.,R.8W.
T.4S.R.9W.
T.5S.,R. 1E.
T.5S.,R.2E.
T.5S.R.3E.
T.5S.,R.3W.
T.5S.,R.4W.
T.5S.R.5W.
T.5S.R.6W.
T.5S.,R.7W.
T.5S.,R.8W.
T.5S.R.9W.
T.6S.,R.3W.
T.6S.,R.4W.

210,506,000
195,836,000
7,160,490
155,888,000
124,971,000
233,107,000
16,670,800
643,217,000
794,737,000
403,064,000
607,128,000
461,085,000
294,381,000
197,143,000
176,306,000
156,763,000
143,728,000
68,467,500
2,066,650
655,538,000
552,457,000
638,261,000
394,872,000
155,090,000
420,758,000
323,242,000
218,771,000
189,609,000
201,657,000
171,850,000
136,762,000
10,395,900
230,153,000
48,251,700
174,785,000
255,043,000
185,826,000
157,867,000
144,909,000
118,974,000
94,591,700
69,925,700
187,032,000

T.6S.,R.5W.
T.6S.,R.6W.
T.6S.,R.7W.
T.6S.,R.8 W.
T.6S.,R.9W.

T.6S.,R.19E.
T.6S.,R.20E.
T.6S.,R.21E.
T.7S.,R.19E.
T.7S.,R.20E.
T.7S.,R.21E.
T.7S.,R.22E.
T.7S.,R.23E.
T.7S.,R.24E.
T.7S.,R.25E.

T.7S.,R. 4 W.
T.7S.,R.5W.
T.7S.,R.6W.
T.7S.,R.7W.
T.7S.,R.8 W.
T.7S.,R.9W.

T.8S.R.ISE.
T.8S.,R.16E.
T.8S.,R.17E.
T.8S.,R. I8 E.
T.8S.,R.19E.
T.8S.,R.20E.
T.8S.,R.21E.
T.8S.,R.22E.
T.8S.,R.23E.
T.8S.,R.24E.
T.8S.,R.25E.
T.9S.,R.I5E.
T.9S.,R.I6E.
T.9S,R.17E.
T.9S.,R.I8E.
T.9S.,R.19E.
T.9S.,R.20E.
T.9S.,R.21E.
T.9S.,R.22E.
T.9S.,R.23E.
T.9S.,R.24E.
T.9S.,R.25E.

145,138,000
112,737,000
87,538,300
53,267,400
10,011,200
23,474,500
225,320,000
71,033,700
58,471,500
769,115,000
891,639,000
713,607,000
576,830,000
554,034,000
342,527,000
37,561,800
31,843,600
16,331,100
6,945,400
3,931,280
157,775
35,197,200
241,266,000
349,340,000
244,546,000
11,663,200
592,497,000
1,043,570,000
923,231,000
669,759,000
668,049,000
780,708,000
156,760,000
444,457,000
585,943,000
688,036,000
650,369,000
875,708,000
1,012,630,000
1,084,010,000
958,320,000
1,030,800,000
674,574,000

T.

4 4494344443433+ 3d3 333434333333

HHA a3 399333334

10S., R.
10S.,R.
10S.,R.
10S.,R.
10S., R.
10S.,R.
10S.,R.
10S., R.
108S.,R.
10S.,R.
10S., R.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11S.,R.
11 S, R.
T.11S.,R25E.
12S.,R.
12S.,R.
128, R.
12S.,R.
12S.,R.
128, R.
12S.,R.
12S.,R.
128, R.
12S.,R.
12S.,R.
128, R

11 E.
12 E.
13 E.
14 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.
10 E.
11 E.
12 E.
13 E.
14 E.
IS E.
16 E.
17 E.
18 E.
19E.
20 E.
21 E.
22 E.
23 E.
24 E.

14 E.
IS E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.

1,465,510
78,333
1,588,270
19,035,400
200,354,000
349,156,000
453,162,000
562,426,000
658,810,000
655,300,000
700,239,000
1,082,970,000
1,183,960,000
828,241,000
433,224,000
65,585
14,930,600
31,523,500
41,816,400
60,915,100
142,994,000
214,462,000
276,810,000
319,986,000
441,853,000
448,471,000
479,707,000
560,134,000
449,405,000
477,682,000
421,351,000
18,767,300
13,836,600
50,574,000
100,176,000
90,469,000
270,725,000
304,417,000
311,050,000
277,991,000
219,509,000
240,576,000
69,459,100
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Table 16. Total number of in-place barrels of oil per acre in each township for the L-5 zone calculated
here using the Radial Basis Function (RBF) method.—Continued

Township and Range L-5 zone, barrels Township and Range L-5 zone, barrels
T.13S,R. 14 E. 12,176,300 T.15S,R. 16 E. 0
T.13S.,R. 15E. 23,475,200 T.15S.,R. 17E. 1,665,030
T.13S.,R. 16 E. 22,538,100 T.15S.,R. 18 E. 17,965,900
T.13S.,R. 17E. 4,622,030 T.15S,R. 19E. 38,466,100
T.13S.,R. 18 E. 68,863,400 T.15S.,R. 20 E. 43,862,200
T.13S.,R. 19E. 135,436,000 T.15S,R.21 E. 22,796,900
T.13S.,R.20E. 171,695,000 T.15S.,R.22 E. 6,415,150
T.13S.,R. 21 E. 126,169,000 T.16 S,,R. 16 E. 0
T.13S.,R. 22 E. 130,111,000 T.16 S,R. 17 E. 216,150
T.13S.,R.23 E. 92,923,300 T.16 S,,R. 18 E. 8,434,830
T.13S.,R. 24 E. 55,283,400 T.16 S.,R. 19 E. 27,009,000
T.13S.,R.25E. 28,678,700 T.16 S.,R. 20 E. 27,294,000
T.14S.,R. 14 E. 602,904 T.16 S.,R.21 E. 13,894,100
T.14S.,R. 15E. 1,484,410 T.16 S.,R. 22 E. 10,940,100
T.14S., R. 16 E. 574,469 T.16 S.,R. 23 E. 2,534,710
T.14S.,R. 17E. 3,617,510 T.17S.,,R. 18 E. 730,184
T.14S.,R. 18 E. 34,647,200 T.17S.,R. 19 E. 8,541,080
T.14S.,R. 19E. 57,005,900 T.17S.,R. 20 E. 10,470,900
T.14S.,R. 20 E. 93,159,400 T.17S.,R.21 E. 6,845,300
T.14S.,R. 21 E. 24,852,100 T.17S.,R. 22 E. 2,856,060
T.14S.,R. 22 E. 27,860,800 T.18 S, R. 18 E. 15,494
T.14S.,R. 23 E. 10,187,300 T. 18 S,,R. 19E. 976,928
T.14S.,R. 24 E. 2,089,770 T. 18 S.,R. 20 E. 3,587,670

T.15%S., R. 21 E. 2,288,110 T.18 S, R. 21 E. 1,984,810

T.15%S.,R.22E. 1,565,600 T.19S,R. 19E. 12,321

T.15%S.,R. 23 E. 247,305 T.19S,R.20E. 11,154
T.15S.,R. 15E. 0 T.19S.,R. 21 E. 16,049

Zone L-5 total 43,951,156,922
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Figure 81.

Isoresource map of the R-6 zone showing total number of barrels of oil in each township.
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Table 17. Total number of in-place barrels of oil per acre in each township for the R-6 zone calculated here using the Radial
Basis Function (RBF) method.

Township and Range

R-6 zone, barrels

Township and Range

R-6 zone, barrels

Township and Range

R-6 zone, barrels

T. 1IN, R. 103 W.
T.IN.,R. 104 W.
T.1S.,R.103W.
T.1S.,R. 104 W.
T.2N.,R. 103 W.
T.2N.,R.104 W.
T.2S.R. 104 W
T.3S,R.1E.
T.3S.,R. 1W.
T.3S,R.2E.
T.3S.,R.2W.
T.3S.R.3W.
T.3S.,R.4W.
T.3S.,R.5W.
T.3S.,R.6W.
T.3S.,R.7W.
T.3S.,R.8W.
T.3S.,R.9W.
T.3S.,R. 104 W.
T.4S.R.1E.
T.4S.,R. 1 W.
T.4S.,R.2E.
T.4S.R.2W.
T.4S.,R.3E.
T.4S.,R.3W.
T.4S.R.4W.
T.4S.,R.5W.
T.4S.,R.6W.
T.4S.R.7W.
T.4S.,R.8W.
T.4S.,R.9W.
T.5S.R.1E.
T.5S.,R.2E.
T.5S.,R.3E.
T.5S.R.3W.
T.5S.R.4W.
T.5S.,R.5W.
T.5S.R.6W.
T.5S.R.7W.
T.5S.,R.8W.
T.5S.R.9W.
T.6S.,R.3W.
T.6S.,R.4W.

777,078,000
722,795,000
31,645,700
777,171,000
395,145,000
688,935,000
89,889,800
1,924,600,000
1,775,770,000
1,510,490,000
1,392,390,000
1,046,860,000
1,045,470,000
1,265,650,000
961,578,000
767,943,000
763,892,000
478,981,000
13,112,700
1,946,120,000
1,587,040,000
2,332,900,000
1,377,240,000
434,306,000
1,519,490,000
1,570,260,000
1,501,380,000
1,299,030,000
1,085,270,000
965,691,000
1,159,840,000
34,302,600
683,993,000
106,099,000
978,737,000
1,750,970,000
1,546,800,000
1,374,370,000
1,150,930,000
891,676,000
949,492,000
535,168,000
1,737,090,000

T.6S,R.5W.
T.6S.,R.6 W.
T.6S.,R.7W.
T.6S.,R.8W.
T.6S.,R.9W.

T.6S.,R. 19E.
T.6S.,R.20E.
T.6S.,R.21E.
T.7S,R.19E.
T.7S.,R.20E.
T.7S.,R.21E.
T.7S.,R.22E.
T.7S.,R.23E.
T.7S.,R.24E.
T.7S.,R.25E.

T.7S.,R.4W.
T.7S.R.5W.
T.7S.,R.6W.
T.7S.,R.7W.
T.7S.,R.8W.
T.7S.,R.9W.

T.8S.,R.I5SE.
8S.R.I6E.
8S.,R.17E.
8S.,R.I8E.
8S.R.I9E.
8S.,R.20E.
8S.,R.21E.
8S.,R.22E.
8S.,R.23E.
8S.R.24E.
8S.,R.25E.
T.9S.,R.15E.
T.9S,R.16E.
T.9S.R.17E.
T.9S.R. I8E.
T.9S.,R.19E.
T.9S.,R.20E.
T.9S.,R.21E.
T.9S.,R.22E.
T.9S.,R.23E.
T.9S.,R.24E.
T.9S.,R.25E.

439939433333

1,706,150,000
1,470,730,000
1,228,870,000
822,706,000
165,153,000
85,724,000
742,197,000
214,697,000
214,541,000
2,464,410,000
2,574,100,000
2,086,090,000
1,603,790,000
1,382,710,000
897,272,000
449,607,000
452,077,000
264,684,000
155,737,000
123,091,000
4,888,000
145,575,000
925,218,000
1,157,350,000
733,669,000
37,441,400
1,577,950,000
2,894,530,000
2,905,440,000
2,633,100,000
2,489,580,000
2,464,860,000
846,929,000
1,912,030,000
2,016,330,000
2,014,440,000
1,631,280,000
2,126,910,000
3,145,220,000
3,732,830,000
3,881,230,000
3,737,120,000
2,523,920,000

T.

HH9H9 3959339333393 3933939339393 39393994393333333 333235381393

10S.,R

11 E.
10S.,R. 12 E.
10S., R. 13 E.
10S.,R. 14 E.
10S.,R. I5E.
10S.,R. 16 E.
10S.,R. 17 E.
10S.,R. I8 E.
10S.,R. 19E.
10S.,R.
10S.,R.
10S.,R.
10S.,R.
.10 S.,R.
.10 S., R.
11 S, R.
11S.,R.
J11S.,R.
11 S, R.
11 S, R.
J11S.,R.
11S.,R.
11S.,R.
11 S, R.
11 S, R.
11S.,R.
11 S, R.
11S.,R.
11S.,R.
11S.,R.
11 S, R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
12S.,R.
.12 S, R.
128, R.
.12 S, R.

20 E.
21 E.
22 E.
23 E.
24 E.
25E.
10 E.
11 E.
12 E.
13 E.
14 E.
15 E.
16 E.
17 E.
18 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25E.
14 E.
IS E.
16 E.
17 E.
I8 E.
19 E.
20 E.
21 E.
22 E.
23 E.
24 E.
25 E.

28,861,600
1,411,490
24,608,200
188,775,000
1,528,350,000
1,809,300,000
1,488,810,000
1,511,000,000
1,772,780,000
2,419,990,000
2,602,780,000
3,382,530,000
3,463,100,000
3,571,830,000
2,348,810,000
3,157,930
405,144,000
632,790,000
698,623,000
743,949,000
1,333,500,000
1,529,030,000
999,416,000
925,427,000
1,420,830,000
1,870,130,000
2,265,640,000
2,244,040,000
1,805,730,000
2,276,990,000
2,239,360,000
365,333,000
195,549,000
421,896,000
439,206,000
284,886,000
953,104,000
1,365,000,000
1,657,490,000
1,544,220,000
1,308,620,000
1,526,390,000
461,128,000
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Table 17. Total number of in-place barrels of oil per acre in each township for the R-6 zone calculated here
using the Radial Basis Function (RBF) method.—Continued

Township and Range R-6 zone, barrels Township and Range R-6 zone, barrels
T.13S.,R. 14 E. 372,926,000 T.15S.,R. 16 E. 57,038,300
T.13S.,R. 15 E. 598,524,000 T.15S.,R. 17E. 1,509,590
T.13S.,R. 16 E. 399,133,000 T.15S.,R. 18 E. 28,085,000
T.13S.,R. 17E. 39,243,700 T.15S.,R. 19E. 86,101,900
T.13S.,R. 18 E. 199,772,000 T.15S.,R. 20 E. 167,626,000
T.13S.,R. 19E. 455,822,000 T.15S.,R. 21 E. 124,745,000
T.13S.,R.20 E. 753,719,000 T.15S.,R.22 E. 44,617,800
T.13S.,R.21 E. 691,768,000 T.16 S.,R. 16 E. 13,268,700
T.13S.,R. 22 E. 942,156,000 T.16S.,R. 17E. 294,464
T.13S.,R.23 E. 788,910,000 T.16 S.,R. 18 E. 7,113,380
T.13S.,R. 24 E. 589,130,000 T.16 S.,R. 19 E. 33,859,400
T.13S.,R.25E. 275,518,000 T.16S.,R. 20 E. 66,220,100
T.14S.,R. 14 E. 110,088,000 T.16 S.,R.21 E. 36,773,300
T.14S.,R. 15 E. 463,157,000 T.16 S.,R. 22 E. 31,715,200
T.14S.,R. 16 E. 152,870,000 T.16S.,R. 23 E. 9,762,170
T.14S.,R. 17E. 8,669,960 T.17S.,R. 18 E. 478,217
T.14S.,R. 18 E. 73,316,600 T.17S.,R. 19 E. 8,592,430
T.14S.,R. 19E. 179,801,000 T.17S.,R. 20 E. 12,796,900
T.14S.,R.20 E. 403,423,000 T.17S.,R.21 E. 2,634,870
T.14S.,R.21 E. 132,508,000 T.17S.,R. 22 E. 87,739
T.14S.,R. 22 E. 240,153,000 T.18S., R. 18 E. 22,448
T.14S.,R.23 E. 130,368,000 T.18 S.,R. 19E. 771,798
T.14S.,R. 24 E. 77,726,400 T.18 S.,R. 20 E. 1,789,170
T.15%S., R. 21 E. 8,903,950 T.18S.,R. 21 E. 0
T.15%S.,R.22 E. 9,075,570 T.18 S.,R. 18 E. 1,153
T.15%S.,R. 23 E. 1,625,950 T.18 S,R. 19 E. 3,468
T.15S.,R. 15 E. 134,844,000 T.18 S.,R. 20 E. 0

Zone R-6 total 176,618,343,047
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Figure 82.

Isopach map of B-groove. The Radial Basis Function (RBF) method was used for contouring.

$auoz ajeys |10 Jo S)nsay juawssassy pue suonduasaq pajielaq

6L1



0zL

11100 11030 110°00" 109°30 109°00"
\ \ \ \ i \
|
&3 28 18 s |
o L R19E R20E R2IE l
18
1 o 18 ¢ g I
R1ZW_R1IW  R10W  ROW g . .
RGE REW _R7W __Rew, nsw’ Raw _R3w _Row _Riw  mie pog\ | AT~
T S —T . ~<. [SmRzE R2E RME RSE
; 3" 15 1 ! T T
1 07 13 b o | N | RN T T[T = 7
s : & 17 J8 3 R103W
; s
o e ¢ g [ 1 \) . S (v BN :
S S 1 | 5 J 23 2| 2 N
1 ° 49 '31 .,
T T 7 ys € T
5 22 =T O
9 L . 37 8 1
1 N 32 6 é 41 54 _}
4000 — S 1 2ho2%0 % &9 43 ® N
T RBE - 2 i PN c
10 6 5 Z'__,I W a7 09 3 T
32 . 33 y e 1
S N 2 . S 5 . be 2 * L. & 5'53,7 i A 3
R6E R7E 15 33 05 2 m b1et0 87
T ! / v P T 2 ;
! % I 23 o8 0 |s
s R10E R1E R12E ?13E i' 3 T
T 4 58 29 3
12 %ﬂ& ;F 09 26 g S
EXPLANATION S o o § —
. o1 e . T A O 2 17 &3 1283 T
B-groove interval, average oil yield in gallons per ton 3 7 v\,i l}% ,5%&,\ \ . wsl
S 2. " S |
B s s f s
. 7~ /
y ﬁe)m? |2 é .. % , 1TARZFJE :
— S g %
- 9-1-12 ATiE 2;“\-‘*: 4 e a%‘% s S I
T /:3 i ras
39°30' — - 6.1-9 15 G o 2‘&/1 % 3 1TSFizaE R24E :
s iﬁj? 2 (S N
] s A 4 |
16 o T |
s 16 |
0-3 3’«) 1@(\%
I:I R16E RI7ET .r’{ e i3 § I
Y . s 772 TR23E |9
Top of Mahogany bed sk, %’% 17 5 I %
s
T 4 )
Depth to Mahogany bed, 6,000-ft contour 18 ")% g % {é} 13%' T R22E 5 I g
S 18 |
< . ’ Q
Base of Parachute Creek Member R1BE . 1 ’ '
0 §  12MLES ' T |
------- Defined boundary for assessment 9 I
0 5 10KILOMETERS S |
W’ Core hole (in gallons per ton) R13E  R2E  R2ME l
39°00° > Rotary hole (in gallons per ton) :
\ ! \
Figure 83. Isoresource map of B-groove showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used for contouring. Core holes are shown

in black, and rotary holes are shown in red.

0pei0j09 pue yejq) ‘uiseq ejuif) ‘uo1eWIo JAAIY UAaIL) auadI0] 8L} Ul SIVIN0SAY a|eysS |IQ 898|d-U] JO JUaWSSASSY



111900 110°30 110°00° 109°30° 109°00
\ \ \ i \
|
.14 'ZU 24 " |
¢z R19E  R20E  R21E l
29
2 . T |
RGENIZW R1TW  R10W RIW  R8W  R7IW  RgW Rsvv'7 RAW. R'Z3ZW R2W __RIW _ RIE R2E /“ 2 !
TN - Steel R22E _ R23E  R24E  R25E
; 3 % u/—-’—'? ] ~~——_1_ Tl
! 8 o 1 o 1 | N | | "qv====f==-=-- L 7
S . . 38
17 * 21
T 1 T \/ 4 ) T
8 1/4 O 5 )
S S FJ/.n J K N
T 1 T Iy = T T
9 1 5 1 ° 1
40°00 |— sgo0 S fognel'® N
RBE - G : . -
10 6 5 2 17 S '21 1
S| » L 3 pS S
RGE R7E 8 2 3
T M
1 % 8 12
STRI0E T ANE AT ?MT 51 i
EXPLANATION : sk, F
H ! ?)ﬁ:-lp-’” A 'y} * 2 o o0 O T
B-groove interval, barrels per acre 183 ad ? X 13
A o 4 ; w 3l
60,001-80,000 T )i&.ez\&""w 7 :
- ) 5 " MT !% g " 8% X 174 R25E :
S 2 o
I 20,001-60,000 = N A ‘s
RieET 3 - "4 R23E  RZ4E
39°30' [— 15 -z % ] T |
[ | 20,001-40,000 : f j‘é? 5 | |
RI5E I
[ ] o-=20000 s w T l
s 3}.\) e ),‘Q”h 16 |
Top of Mahogany bed RI6E  RIET _rJ S I
7 (Al
17 K Wl’l TR23E | Q
Depth to Mahogany bed, 6,000-ft contour Sh (%fﬁ%& 17 x| %
T i 12 S £ I &
Base of Parachute Creek Member 138 % @ { wTs R22E =} ! 3
o i, . &)
S |
------- Defined boundary for assessment R1SE v ;
v 0 6 12 MILES . : T |
o’ Core hole (in thousands of barrels) 19 I
0 5 10KILOMETERS S |
5 Rotary hole (in thousands of barrels) RISE ROE R2TE l
39°00° [— :
L

Figure 84.

Isoresource map of B-groove showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used for contouring.
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Figure 85.

Isoresource map of B-groove showing total number of barrels of oil in each township.
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Table 18. Total number of in-place barrels of oil per acre in each township for the B-groove calculated here using the Radial
Basis Function (RBF) method.

Township and Range B-groove, barrels Township and Range B-groove, barrels Township and Range  B-groove, barrels

T. 1N, R. 103 W. 26,321,100 T.6S.,R.6W. 554,485,000 T.10S.R.12E. 625,301
T. 1IN, R. 104 W. 47,648,800 T.6S.,R.7W. 614,826,000 T.10S.,R.13E. 5,652,720
T.1S.,R.103W. 11,248,800 T.6S.,R.8W. 367,867,000  T.10S., R.14E. 74,474,700
T.1S.,R. 104 W. 22,746,100 T.6S.,R.9W. 50,610,600  T.10S.R.15E. 518,646,000
T.2N.,R. 103 W. 63,229,000  T.6S.R.19E. 15,610,400  T.10S. R.16E. 307,450,000
T.2N.,R.104 W. 1,424,390 T.6S.,R. 20 E. 118,780,000  T.10S.R.17E. 316,142,000
T.2S.,R. 104 W. 513,574,000 T6S.,R.21E. 30,293,600  T.10S.R.I8E. 382,399,000
T.3S.R.1E. 625,546,000  T.7S.R.19E. 41,353,700  T.10S.,R.19E. 686,191,000
T.3S,R.1W. 332,516,000  T.7S.R.20E. 412,008,000 T.10S.R.20E. 255,093,000
T.3S.R.2E. 413,102,000  T.7S. R.21E. 380,747,000  T.10S.,R.21E. 440,975,000
T.3S.R.2W. 259,371,000  T.7S.,R.22E. 399,491,000  T.10S.,R.22E. 857,591,000
T.3S.R.3W. 114,579,000  T.7S.,R.23E. 276,865,000  T.10S. R.23E. 582,732,000
T.3S.,R.4W. 143,674,000  T.7S.,R.24E. 182,047,000  T.10S.,R.24E. 428,785,000
T.3S.R.5W. 305,902,000  T.7S.R.25E. 129,031,000  T.10S., R.25E. 192,574,000
T.3S.R.6W. 253,644,000 T.7S.,R.4W. 126,509,000  T.11S. R.10E. 1,371,040
T.3S.,R.7W. 134,054,000 T.7S.,R.5W. 96,690,900  T.11S.R.11E. 178,208,000
T.3S.R.8W. 39,891,700 T.7S.,R.6W. 100,280,000  T.11S. R.12E. 249,554,000
T.3S.R.9W. 107,799 T.7S.,R.7W. 72,232,300  T.11S.R.13E. 194,403,000
T.3S.,R. 104 W. 440,288,000 T.7S.,R.8 W. 54,635,000  T.11S.R.14E. 258,246,000
T.4S.R.1E. 306,104,000 T.7S.,R.9W. 1,858,120  T.11S.R.15E. 431,377,000
T.4S.R. 1 W. 563,269,000  T.8S.R.15E. 20,255,100  T.11S.R.16E. 233,457,000
T.4S,R.2E. 238,928,000  T.8S.R.16E. 131,321,000  T.11S.R.17E. 269,081,000
T.4S.R.2W. 127,323,000  T.8S.,R.17E. 174,576,000  T.11S. R.18E. 146,846,000
T.4S.,R.3E. 230,362,000  T.8S.R.18E. 167,468,000  T.11S.R.19E. 244,902,000
T.4S.,R.3W. 182,315,000  T.8S. R.19E. 12,056,000  T.11S.,R.20E. 165,190,000
T.4S.R.4W. 285,236,000  T.8S.,R.20E. 377,696,000  T.11S.R.21E. 310,790,000
T.4S.,R.5W. 592,906,000  T.8S.R.21E. 571,587,000  T.11S.,R.22E. 637,648,000
T.4S.,R.6W. 908,230,000  T.8S.,R.22E. 671,403,000  T.11S.,R.23E. 483,892,000
T.4S.R.7W. 407,230,000  T.8S., R.23E. 599,780,000  T.11S.R.24E. 197,074,000
T.4S.,R. 8 W. 101,625,000  T.8S. R.24E. 316,932,000  T.11S.R25E. 150,097,000
T.4S.,R.9W. 9,968,920  T.8S.R.25E. 325,439,000 T.12S.R.14E. 131,279,000
T.5S,R.1E. 267,386,000  T.9S.R.15E. 142,087,000  T.12S.R.15E. 59,190,000
T.5S,R.2E. 52,013200 T.9S.R. IGE. 261,090,000 T.12S.R.16E. 98,385,200
T.5S.,R.3E. 139,176,000  T.9S. R.17E. 360,134,000  T.12S.R.17E. 119,021,000
T.5S.R.3W. 216,750,000  T.9S.R.18E. 639,736,000  T.12S. R.18E. 64,382,400
T.5S.R.4W. 293,057,000 T.9S.R.19E. 941,775,000  T.12S.R.19E. 129,509,000
T.5S.,R.5W. 586,912,000  T.9S.,R.20E. 806,835,000  T.12S.R.20E. 74,255,200
T.5S.R.6W. 763,387,000  T.9S.R.21E. 484,590,000 T.12S.R.21E. 99,958,100
T.5S.R.7W. 440,597,000  T.9S., R.22E. 616,364,000  T.12S.,R.22E. 287,528,000
T.5S.,R.8W. 176,430,000  T.9S. R.23E. 680,275,000  T.12S.,R.23E. 258,763,000
T.5S.,R.9W. 130,817,000  T.9S.,R.24E. 805,207,000  T.12S.,R.24E. 86,673,300
T.6S.,R.3W. 282,031,000 T.9S.,R.25E. 317,235,000  T.12S. R.25E. 12,535,600
T.6S.,R.5W. 248,242,000 T.10S.R.11E. 13,333,100  T.13S.R.14E. 135,133,000
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Table 18. Total number of in-place barrels of oil per acre in each township for the B-groove calculated
here using the Radial Basis Function (RBF) method.—Continued

Township and Range B-groove, barrels Township and Range B-groove, barrels
T.13S,R. 15 E. 207,122,000 T.15S.,R. 18 E. 31,319,600
T.13S.,R. 16 E. 168,029,000 T.15S.,R. 19 E. 20,815,100
T.13S,R. 17E. 22,975,400 T.15S.,R. 20 E. 3,820,560
T.13S.,R. 18 E. 80,180,300 T.15S.,R.21 E. 11,021,500
T.13S.,R. 19E. 43,733,500 T.15S.,,R. 22 E. 7,189,340
T.13S.,R.20 E. 20,225,600 T.16 S, R. 16 E. 24,049,300
T.13S.,R.21 E. 17,021,200 T.16 S.,,R. 17 E. 2,782,820
T.13S.,,R.22 E. 33,469,500 T.16 S.,,R. 18 E. 27,616,200
T.13S,R. 23 E. 35,146,600 T.16 S,R. 19E. 48,615,800
T.13S.,R. 24 E. 21,984,100 T.16 S.,,R. 20 E. 9,475,270
T.13S.,R.25E. 1,912,890 T.16 S.,,R. 21 E. 16,954,900
T.14S.,R. 14E. 36,977,200 T.16S.,R. 22 E. 30,733,300
T.14S.,R. 15 E. 258,938,000 T.16 S.,,R. 23 E. 10,583,200
T.14S.,R. 16 E. 120,670,000 T.17S.,R. 18 E. 3,672,820
T.14S.,R. 17E. 21,084,400 T.17S.,R. 19E. 6,288,860
T.14S.,R. 18 E. 19,232,500 T.17S.,R. 20 E. 4,056,660
T.14S.,R. 19 E. 39,210,400 T.17S.,R.21 E. 6,497,730
T.14S.,R. 20 E. 2,267,080 T.17S.,R. 22 E. 8,035,680
T.14S.,R.21 E. 3,526,190 T. 18 S.,,R. 18 E. 291,991
T.14S.,R. 22 E. 831,327 T.18 S.,,R. 19 E. 227,512
T.14S.,R. 23 E. 1,780,010 T.18S.,R. 20 E. 751,878
T.14S.,R. 24 E. 2,435,600 T.18 S.,,R. 21 E. 8,196,060

T.15%S.,R. 21 E. 768,422 T. 18 S.,,R. 18 E. 0

T.15%S.,R. 22 E. 150,146,000 T.18 S.,,R. 19 E. 924
T.15S.,R. 16 E. 78,267,400 T.18 S.,,R. 20 E. 0
T.15S.,R. 17E. 12,548,900

B-groove total 37,204,117,714
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of the basin (fig. 87), the Mahogany zone can be quite thin
locally (fig. 86), thus estimates of in-place oil in this area

are low. Maximum in-place oil in the Mahogany zone in a
single township, T. 8 S., R. 21 E., is nearly 4.3 BBL (fig. 89).
Total in-place oil in the Mahogany zone is estimated at 214.6
BBL (table 19). This is the second highest total for any of the
assessed zones.

A-groove represents a thin interval that is similar to
B-groove in that it contains low oil yields (fig. 5). It is thick-
est in a north-south trending area in the central part of the
basin where it reaches a maximum of 100 ft thick (fig. 90).

In the northeastern part of the basin, it varies in thickness
from about 6 to 15 ft and thickens to the south to a maximum
of 30 ft (fig. 90). The A-groove cannot be recognized in the
southernmost part of the basin. A-groove was assessed in 101
core holes and 70 rotary holes in the Uinta Basin (fig. 91). Oil
yields in the northeastern part of the basin vary from about

4 to 13.6 GPT, with yields decreasing to the south and west
to about 0.3 to 2.5 GPT (fig. 91). Most of the highest yields,
however, are rotary holes, which, as previously discussed,
give much higher oil yields for A-groove than nearby core
holes. Total in-place oil generally ranges from less than 1,000
to about 15,000 BPA over most of the basin, but is as much
as 32,000 BPA in the north-south-trending thick in the central
part of the basin (fig. 92). Maximum in-place oil in a single
township, T. 9. S., R. 16 E., is 420 MMB (fig. 93). Total in-
place oil in A-groove is estimated to be 15.3 BBL (table 20).

The top of A-groove to top of bed 44 is the richest and
one of the most important oil shale intervals in the Uinta Basin
(fig. 5). In the Piceance Basin to the east, the top of A-groove
to top of bed 44 interval is split by numerous northward-
thickening wedges of volcanic-rich sediments derived from
the Absaroka volcanic field in northwestern Wyoming. Only in
the southern part of the Piceance Basin is this interval largely
free of volcaniclastic sediments. In the Uinta Basin, in con-
trast, this interval is largely free of volcaniclastics and consists
of nearly continuous oil shale. Individual oil shale beds in
the top of A-groove to top of bed 44 interval are remarkably
persistent laterally between the eastern Uinta Basin and the
southern Piceance Basin. Donnell (2008, his fig. 4) success-
fully traced 27 individual rich oil shale beds in this interval
between a corchole in the eastern part of the Uinta Basin
and a corehole in the southwest part of the Piceance Basin, a
distance of nearly 60 mi.

The top of A-groove to top of bed 44 interval thickens to
the west-northwest from about 135 to 170 ft along the west
flank of the Douglas Creek arch, to 270 ft thick in the north-
eastern part of the Uinta Basin, and 500 ft in the northwestern
part (fig. 94). This interval was assessed in 33 core holes and
34 rotary holes (fig. 95). Oil yields for core holes and nearby
rotary holes are remarkably similar (fig. 95). Average oil
yields in the depocenter in the northeastern part of the basin
vary from about 10 to 14.3 GPT, and decrease to the northeast,
south, and west to only about 3 to 6 GPT (fig. 95). In-place oil
varies from about 120,000 to 200,000 BPA in the depocenter,
with values decreasing markedly away from that area (fig. 96).

Maximum in-place oil in a single township, T. 9 S., R. 21
E., exceeds 5.9 BBL (fig. 97). Total in-place oil in the top of
A-groove to top of bed 44 interval is 244.7 BBL (table 21),
which is the largest in-place volume for any of the assessed
zones. It needs to be emphasized, however, that GPT values
for this interval are much less than that of the Mahogany zone,
which has the second highest in-place resources in the basin
(see figs. 87 and 95). The Mahogany zone is much thinner than
the top of A-groove to top of bed 44 interval with more con-
centrated resources that are more favorable for development.
The top of bed 44 to top of bed 76 interval is the highest
interval assessed, and is probably the highest interval con-
taining oil shale that could be potentially exploited. Don-
nell (2008) traced 16 individual oil-rich beds in this interval
between the eastern part of the Uinta Basin and the south-
eastern part of the Piceance Basin (fig. 8). Average oil yields
decrease significantly above bed 76 in the Uinta Basin, in large
part, because the interval contains few oil-rich beds (fig. 98).
The top of bed 44 to top of bed 76 interval thickens to
the west-northwest from about 155 to 225 ft along the west
flank of the Douglas Creek arch to a maximum of 570 ft
in the northwestern part of the basin (fig. 99). This interval
was assessed in 7 core holes and 24 rotary holes (fig. 100).
Oil yield results from core holes and nearby rotary holes are
likewise remarkably similar (fig. 99). Oil yields in the dep-
ocenter are remarkably uniform, varying from only about 7 to
10.1 GPT, but gradually decline to the north and southwest to
a minimum of less than 1 GPT (fig. 100). In-place oil varies
from about 125,000 to 195,000 BPA in the depocenter to a low
of 41,000 BPA in the northwestern part of the basin (fig. 101).
Maximum oil yield in a township, T. 9 S., R. 21 E., is 4.16
BBL (fig. 102). Total in-place oil in this interval is 169 BBL
(table 22).

Discussion

The lack of reliable core-hole data in many parts of the
Uinta Basin is a significant problem that has to be addressed
in any assessment of the Uinta Basin. Vanden Berg (2008)
used oil yields estimated from sonic and density geophysical
logs, but correlation is poor. In our assessment, we chose to
use Fischer assay data from cuttings. This data is inherently
compromised by uphole caving contaminating the cuttings
during the drilling process, but by applying a set of standards
to eliminate the worst of the cuttings data, this problem can be
minimized. Our results suggest that for the rotary holes used,
in-place oil estimates for the Mahogany and R-6 zones may
be low by about 10 to 20 percent, while in-place estimates for
the bed 44 to top of A-groove and bed 76 to bed 44 intervals
may be low by about 10 percent. The lean zones L-4 and
L-5 are probably overestimated by about 10 percent in these
rotary holes. A- and B-groove are special cases because they
are comparatively thin lean zones with much lower oil yields
than the overlying much thicker and richer intervals where the
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Table 19. Total number of in-place barrels of oil per acre in each township for the Mahogany zone calculated here using the Radial

Basis Function (RBF) method.

Township and Range Mahzg:;yljone, Township and Range Mah;g:z:one' Township and Range Mahzg:lrr;ylszone,
T.1N.,R. 103 W. 534,567,000 T.6S.,R.5W. 1,970,230,000 T.9S,R.25E 3,006,880,000
T.IN,R. 104 W. 848,667,000 T.6S.,R.6W. 1,230,130,000 T.10S.,R.11E. 21,892,000
T.1S.,R. 104 W 224,216,000 T.6S.,R.7W. 1,282,870,000 T.10S.,R. 12 E. 928,239
T.2N.,R. 103 W. 384,400,000 T.6S.,R.8W. 1,010,200,000 T.10S.,R. 13 E. 18,348,300
T.2N.,R.104 W. 789,019,000 T.6S.,R.9W. 199,095,000 T.10S.,R. 14 E. 145,761,000
T.2S.,R. 104 W 23,652,600 T.6S.,R. 19E. 85,605,000 T.10S.,R. 15 E. 1,354,440,000

T.3S,R.1E. 1,603,890,000 T.6S.,R. 20 E. 801,666,000 T.10S.,,R. 16 E. 2,001,450,000
T.3S,R.1W. 1,502,240,000 T.6S.,R. 21 E. 251,086,000 T.10S.,R. 17 E. 2,237,890,000
T.3S,R.2E. 1,567,240,000 T.7S.,R.19E. 228,453,000 T.10 S, R. 18 E. 2,180,300,000
T.3S,R.2W. 1,635,190,000 T.7S.,,R. 20 E. 3,057,730,000 T.10 S, R. 19 E. 2,237,920,000
T.3S,R.3W. 1,214,380,000 T.7S.,,R. 21 E. 3,450,330,000 T.10S.,R. 20 E. 2,969,080,000
T.3S.,R.4W. 1,119,900,000 T.7S.,R.22 E. 2,396,570,000 T.10S,R. 21 E. 3,080,660,000
T.3S,R.5W. 1,165,510,000 T.7S.,R. 23 E. 1,345,710,000 T.10S.,,R. 22 E. 3,634,410,000
T.3S,R.6W. 925,573,000 T.7S.,R. 24 E. 934,465,000 T.10S.,R. 23 E. 3,951,760,000
T.3S,R.7W. 844,006,000 T.7S.,R.25E. 384,739,000 T.10S.,R. 24 E. 4,028,120,000
T.3S.,,R.8W. 802,425,000 T.7S.,R. 4 W. 374,224,000 T.10S.,R. 25 E. 1,908,290,000
T.3S.,R.9W. 453,789,000 T.7S,R.5W. 371,435,000 T.11S,R. 10 E. 2,904,740
T.3S.,R. 104 W. 2,140,280 T.7S.,,R.6 W. 149,082,000 T.11 S.,R. 11 E. 294,273,000
T.4S.,R. 1 E. 1,559,480,000 T.7S.,R.7W. 130,477,000 T.11S,R. 12 E. 355,025,000
T.4S,R. 1 W. 1,325,050,000 T.7S.,,R. 8 W. 119,033,000 T.11 S,R. 13 E. 474,253,000
T.4S.,R.2E. 2,046,770,000 T.7S.,R.9W. 5,250,460 T.11 S,R. 14 E. 529,324,000
T.4S,R.2W. 1,394,840,000 T.8S.,R. 15 E. 160,995,000 T.11S,R. I5E. 931,710,000
T.4S.,R.3E. 576,033,000 T.8S.R. 16E. 1,013,370,000  T.11S.,R.I6E. 1,389,690,000
T.4S,R.3W. 1,435,510,000 T.8S.,R. 17 E. 1,161,410,000 T.11 S,R. 17E. 1,734,830,000
T.4S.,R.4W. 1,402,520,000 T.8S.,R. I8 E. 644,827,000 T.11 S.,,R. 18 E. 1,610,200,000
T.4S,R.5W. 1,364,670,000 T.8S.,R.19E. 30,718,300  T.11S.,R.19E. 1,991,760,000
T.4S.,R.6 W. 1,307,360,000 T.8S.,R. 20 E. 2,404,120,000 T.11 S.,,R. 20 E. 2,085,130,000
T.4S,R.7W. 1,955,280,000 T.8S.,R. 21 E. 4,289,410,000 T.11 S.,,R.21 E. 1,653,230,000
T.4S.,R.8W. 1,609,810,000 T.8S.,R. 22 E. 3,571,520,000 T.11 S.,,R. 22 E. 2,639,250,000
T.4S,R.9W. 1,284,020,000 T.8S.,R. 23 E. 2,711,400,000 T.11 S.,,R. 23 E. 3,074,880,000
T.5S,R.1E. 26,875,000 T.8S.,R. 24 E. 2,723,680,000 T.11 S.,,R. 24 E. 2,984,950,000
T.5S,R.2E. 660,215,000 T.8S.,R.25E. 2,646,170,000 T.11 S.,R25E. 2,201,610,000
T.5S,R.3E. 173,942,000 T.9S,R. IS E. 1,038,460,000 T.12S.,R. 14 E. 274,994,000
T.5S,R.3W. 1,365,200,000 T.9S,R. 16 E. 2,225,220,000 T.12S,R. 15 E. 212,993,000
T.5S,R.4W. 2,325,590,000 T.9S,R.17E. 2,537,550,000 T.12S.,R. 16 E. 733,764,000
T.5S,R.5W. 1,939,850,000 T.9S,R. 18 E. 2,239,540,000 T.12S,R. 17 E. 1,138,490,000
T.5S.,R.6 W. 1,646,540,000 T.9S,R.19E. 1,932,040,000 T.12S.,R. 18 E. 1,056,970,000
T.5S,R.7W. 1,791,390,000 T.9S.,R.20E. 3,456,130,000 T.12S.,R. 19E. 2,639,660,000
T.5S,R.8W. 1,576,860,000 T.9S,R.21E. 4,044,500,000 T.12S,R. 20 E. 2,611,560,000
T.5S,R.9W. 1,253,140,000 T.9S.,R.22 E. 4,062,830,000 T.12S,R.21 E. 2,120,830,000
T.6S.,R.3W. 686,703,000 T.9S.,R. 23 E. 4,521,370,000 T.12S.,R. 22 E. 2,600,620,000
T.6S.,R.4W. 2,098,540,000 T.9S.,R. 24 E. 3,943,170,000 T.12S.,R. 23 E. 2,887,180,000
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Table 19. Total number of in-place barrels of oil per acre in each township for the Mahogany zone calculated
here using the Radial Basis Function (RBF) method.—Continued

Township and Range Mahzg:l\:szone, Township and Range Mahgg:g:one
T.12S.,R. 24 E. 2,516,390,000 T.15S,R. 17E. 35,061,600
T.12S.,R.25E. 331,538,000 T.15S.,R. 18 E. 193,094,000
T.13S.,R. 14 E. 318,337,000 T.15S.,R. 19 E. 368,950,000
T.13S,R. 15 E. 767,050,000 T.15S.,R. 20 E. 455,024,000
T.13S,R. 16 E. 931,493,000 T.15S.,R. 21 E. 315,481,000
T.13S,R.17E. 971,008,000 T.15S.,,R. 22 E. 218,203,000
T. 13 S, R. 18 E. 1,237,600,000 T.16 S,R. 16 E. 16,849,400
T.13S,R. 19 E. 1,796,830,000 T.16 S.,,R. 17 E. 4,827,050
T.13S.,R.20 E. 1,047,380,000 T.16 S.,,R. 18 E. 132,366,000
T.13S.,R. 21 E. 2,114,740,000 T.16 S, R. 19E. 307,489,000
T.13S.,R. 22 E. 1,267,120,000 T.16 S.,,R. 20 E. 257,636,000
T.13S.,,R.23 E. 800,265,000 T.16 S.,,R. 21 E. 240,522,000
T.13S.,R. 24 E. 126,197,000 T.16S.,R. 22 E. 268,857,000
T.13S.,R.25E. 104,603,000 T.16 S.,,R. 23 E. 87,839,000
T.14S.,R. 14 E. 624,115,000 T.17S.,R. 18 E. 13,275,300
T.14S.,R. 15 E. 385,455,000 T.17S.,R. 19 E. 159,222,000
T.14S.,R. 16 E. 90,625,700 T.17S.,,R. 20 E. 170,013,000
T.14S.,R. 17E. 287,839,000 T.17S.,R.21 E. 145,222,000
T.14S.,R. 18 E. 509,706,000 T.17S.,R. 22 E. 81,413,900
T.14S.,R. 19 E. 1,076,990,000 T. 18 S.,,R. 18 E. 980,847
T.14S.,R. 20 E. 269,141,000 T.18S.,,R. 19 E. 25,988,900
T.14S.,R.21 E. 247,271,000 T.18 S.,R. 20 E. 47,384,100
T.14S.,R. 22 E. 32,853,100 T.18 S.,,R. 21 E. 42,358,200
T.14S.,R. 23 E. 49,533,800 T.19S,R. 19E. 1,119,370
T.14S.,R. 24 E. 7,875,930 T.19S.,R.20 E. 285,444
T.15S,R. I5SE 193,503,000 T.19S,R. 21 E. 325,541
T.15S,R. 16 E. 86,380,300

Mahogany zone total 214,578,720,401
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Table 20. Total number of in-place barrels of oil per acre in each township for the A-groove calculated here using the
Radial Basis Function (RBF) method.

Township and Range Al-lgrr::;,s e Township and Range Al;grr(::;; e Township and Range Al-Jgrr(r):lvs e
T.1N.,R. 103 W. 18,061,700 T.6S.,R.6 W. 120,031,000 T.10 S, R. 12 E. 138,916
T.1N.,R. 104 W. 26,774,800 T.6S.,R.7W. 110,925,000 T.10S.,,R. 13 E. 1,515,510
T.1S.,R. 104 W. 9,677,350 T.6S.,R.8W. 76,041,000  T.10S.,R. 14 E. 33,360,600
T.2N.,R. 103 W. 13,449,600 T.6S.,R.9W. 15,102,300 T.10S.,R. 15 E. 258,682,000
T.2N.,R.104 W. 27,594,800 T.6S.,R. 19E. 5,095,900 T.10S.,R. 16 E. 272,669,000
T.2S.,R. 104 W. 555,283 T.6S.,R. 20 E. 48,469,800 T.10S.,R. 17 E. 91,646,400

T3S,R. 1E. 76,003,800 T.6S.,R.21 E. 15,003,700 T.10S.,R. 18 E. 96,723,000
T.3S,R. 1 W. 125,040,000 T.7S.,R. 19E. 14,149,600 T.10S.,R. 19 E. 141,473,000
T.3S,R.2E. 99,939,400 T.7S.,R. 20 E. 177,573,000 T.10S.,R. 20 E. 121,487,000
T.3S,R.2W. 191,354,000 T.7S.,R.21 E. 193,080,000 T.10S.,R. 21 E. 169,373,000
T.3S,R.3W. 136,652,000 T.7S.,R. 22 E. 189,374,000 T.10S.,R. 22 E. 108,460,000
T.3S,R.4W. 96,253,800 T.7S.,R. 23 E. 167,790,000 T.10S.,R. 23 E. 161,820,000
T.3S,R.5W. 53,094,300 T.7S.,R. 24 E. 123,713,000 T.10S.,R. 24 E. 112,422,000
T.3S,R.6 W. 28,223,700 T.7S.,R. 25 E. 61,681,400 T.10S.,R. 25 E. 51,881,900
T.3S,R.7W. 72,851,100 T.7S.,R. 4 W. 57,121,200 T.11S,R. 10 E. 299,315
T.3S,R.8W. 71,396,900 T.7S,R.5W. 32,893,200 T.11 S,R. 11 E. 38,598,600
T.3S,R.9W. 27,619,300 T.7S.,R.6 W. 24,517,000 T.11S.,R. 12 E. 59,560,800
T.3S.,R. 104 W. 60,377 T.7S,R.7W. 14,891,200 T.11S,R. I3 E. 57,717,500
T.4S,R.1E. 96,700,100 T.7S,R.8W. 11,500,500 T.11 S.,R. 14 E. 101,627,000
T.4S,R. 1 W. 139,643,000 T.7S.,R.9W. 452,490 T.11S,R. IS E. 221,009,000
T.4S.,R.2E. 204,017,000  T.8S.R.ISE. 21,442,000 T.11S.R.16E. 246,755,000
T.4S,R.2W. 173,390,000 T.8S.,R. 16 E. 141,484,000 T.11 S,R. 17E. 142,851,000
T.4S.,R.3E. 39,542,200 T.8S.,R. 17E. 146,595,000 T.11 S.,R. 18 E. 78,694,400
T.4S,R.3W. 187,450,000  T.8S.,R.I8E. 49,834,700  T.11S.,R.19E. 157,262,000
T.4S.,R.4W. 157,234,000 T.8S.,R. 19E. 3,042,640 T.11 S.,,R. 20 E. 162,814,000
T.4S,R.5W. 84,877,100 T.8S.,,R. 20 E. 122,739,000 T.11S.,,R.21 E. 191,133,000
T.4S,R.6W. 45353,000 T.8S.R.21E. 184,442,000 T.11S.,R.22E. 131,329,000
T.4S.,R.7W. 77,204,200 T.8S.,R. 22 E. 229,490,000 T.11 S.,,R. 23 E. 144,086,000
T.4S.,R. 8 W. 124,383,000 T.8S.,R. 23 E. 257,895,000 T.11S.,R. 24 E. 88,032,500
T.4S,R.9W. 83,321,500 T.8S.,R. 24 E. 192,024,000 T.11 S.,,R25E. 63,687,500
T.5S,R. 1 E. 2,688,440 T.8S.,R.25E. 107,687,000 T.12S.,R. 14 E. 49,583,500
T.5S.,R.2E. 65,715,600 T.9S,R.ISE. 143,682,000 T.12S,R. 15 E. 29,087,500
T.5S.,R.3E. 11,619,500 T.9S,R. 16 E. 420,209,000 T.12S.,R. 16 E. 68,505,400
T.5S,R.3W. 145,680,000 T.9S,R. 17E. 277,829,000 T.12S,R. 17 E. 79,755,400
T.5S.,R.4W. 211,674,000 T.9S,R. I8 E. 160,133,000 T.12S.,R. 18 E. 44,867,500
T.5S,R.5W. 126,400,000 T.9S,R. 19E. 143,441,000 T.12S.,R. 19 E. 113,782,000
T.5S,R.6 W. 87,493,100 T.9S,R.20E. 163,525,000 T.12S.,R. 20 E. 118,894,000
T.5S,R.7W. 92,633,100 T.9S.,R.21 E. 168,033,000 T.12S.,R.21 E. 108,533,000
T.5S,R.8W. 109,022,000 T.9S.,R.22 E. 180,176,000 T.12S.,R. 22 E. 100,882,000
T.5S,R.9W. 109,269,000 T.9S.,R.23 E. 205,756,000 T.12S.,R. 23 E. 76,211,000
T.6S.,R.3W. 82,351,100 T.9S.,R. 24 E. 188,474,000 T.12S.,R. 24 E. 84,676,700
T.6S.,R.4W. 254,751,000 T.9S.,R.25E. 116,598,000 T.12S.,R. 25 E. 11,704,100
T.6S,R.5W 105,875,000 T.10S.,R. 11 E. 2,805,840 T.13S.,R. 14 E. 53,266,200



Detailed Descriptions and Assessment Results of Oil Shale Zones

Table 20. Total number of in-place barrels of oil per acre in each township for the A-groove
calculated here using the Radial Basis Function (RBF) method.—Continued

Township and Range A;g:?‘;‘;e' Township and Range A;g:(r):l\;e,
T.13S,R. 15E. 91,427,100 T.15S.,R. 18 E. 53,075,900
T.13S,R. 16 E. 74,538,900 T.15S.,R. 19 E. 68,277,600
T.13S,R. 17E. 17,201,300 T.15S.,R.20 E. 64,692,200
T.13S,R. 18 E. 73,575,300 T.15S.,R. 21 E. 32,629,800
T.13S,R. 19 E. 74,019,100 T.15S.,R. 22 E. 14,695,600
T.13S.,R.20 E. 82,618,500 T.16 S.,,R. 16 E. 5,930,360
T.13S.,R. 21 E. 39,935,500 T.16 S.,,R. 17 E. 1,743,880
T.13S.,R. 22 E. 69,547,800 T.16 S.,,R. 18 E. 38,637,300
T.13S.,R. 23 E. 34,602,900 T.16 S.,,R. 19 E. 78,977,500
T.13S.,R.24 E. 25,714,800 T.16 S.,,R. 20 E. 66,757,400
T.13S.,R.25E. 2,732,630 T.16 S.,,R. 21 E. 47,625,100
T.14S.,R. 14 E. 17,387,900 T.16 S.,,R. 22 E. 42,457,900
T.14S.,R. 15 E. 93,074,000 T.16 S.,,R. 23 E. 8,301,520
T.14S.,R. 16 E. 44,062,100 T.17S.,R. 18 E. 5,644,260
T.14S.,R. 17 E. 21,645,900 T.17S.,R. 19 E. 40,275,700
T.14S.,R. 18 E. 74,121,300 T.17S.,R. 20 E. 35,813,800
T.14S.,R. 19E. 63,735,100 T.17S.,R. 21 E. 48,740,200
T.14S.,R. 20 E. 77,272,400 T.17S.,,R. 22 E. 24,304,900
T.14S.,R. 21 E. 18,846,800 T.18 S.,,R. 18 E. 646,085
T.14S.,R.22 E. 7,496,910 T.18S.,R. 19 E. 15,128,400
T.14S.,R. 23 E. 4,585,360 T. 18 S.,,R. 20 E. 22,386,400
T.14S.,R. 24 E. 4,452,810 T. 18 S.,R. 21 E. 19,698,800

T.15%S.,R.21 E. 577,755 T.19S,R. 19E. 1,133,870

T.15%S.,R. 22 E. 42,494,100 T.19S.,R.20 E. 276,650
T.15S,R. 16 E. 21,865,300 T.19S.,R. 21 E. 232,130
T.15S.,R. 17E. 11,817,800

A-groove total 11,735,940,031
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Figure 94.

Isopach map of Bed 44 to A-groove. The Radial Basis Function (RBF) method was used for contouring.
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Figure 96.

Isoresource map of Bed 44 to A-groove showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used to construct the map.
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Figure 97. Isoresource map of Bed 44 to A-groove showing total number of barrels of oil in each township.
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142 Assessment of In-Place 0il Shale Resources in the Eocene Green River Formation, Uinta Basin, Utah and Colorado

Table 21. Total number of in-place barrels of oil per acre in each township for the interval from the top of A-groove to the top of
bed 44 of Donnell (2008) calculated here using the Radial Basis Function (RBF) method.

Township and Range E::ir:::' Township and Range ::rdr:It Township and Range ::rdr::'s'
T.1N.,R. 103 W. 666,940,000 T.6S.,R.21 E. 369,673,000 T.10S.,R. 15 E. 1,650,950,000
T. I N.,R. 104 W. 979,022,000 T.6S.,R.3W. 694,339,000 T.10S.,R. 16 E. 2,204,900,000
T.1S.,R. 104 W. 247,189,000 T.6S.,R.4W. 2,226,650,000 T.10S.,R. 17 E. 2,765,560,000
T.2N.,R. 103 W. 511,838,000 T.6S.,R.5W. 2,195,260,000 T.10S.,R. 18 E. 3,443,230,000
T.2N.,R. 104 W. 1,114,030,000 T.7S.,R.19E. 360,993,000 T.10 S.,R. 19 E. 3,628,540,000
T.2S.,R. 104 W. 25,645,700 T.7S.,R. 20 E. 4,396,930,000 T.10S.,R. 20 E. 4,394,910,000

T.3S,R.1E. 3,241,400,000 T.7S.,R. 21 E. 4,657,570,000 T.10S.,R. 21 E. 4,605,240,000
T.3S,R.1W. 3,021,040,000 T.7S.,R.22E. 3,790,350,000 T.10S.,R.22E. 4,538,530,000
T.3S,R.2E. 2,789,440,000 T.7S.,R.23 E. 2,777,130,000 T.10S.,R. 23 E. 4,728,250,000
T.3S,R.2W. 2,808,500,000 T.7S.,,R. 24 E. 2,413,820,000 T.10S.,R. 24 E. 4,430,020,000
T.3S,R.3W. 2,399,180,000 T.7S.,R.25E. 1,736,210,000  T.10S.,R.25E. 2,064,660,000
T.3S,R.4W. 1,813,190,000 T.8S.,R. IS E. 258,971,000 T.11 S,R. 16 E. 1,554,050,000
T.3S,R.5W. 1,768,700,000 T.8S.,R. 16 E. 1,443,210,000 T.11S,R. 17E. 1,849,800,000
T.3S,R.6W. 1,762,000,000 T.8S.,R. 17E. 1,600,880,000  T.11S., R.I8E. 2,328,270,000
T.3S,R.7W. 1,505,380,000 T.8S.,R. I8 E. 1,136,040,000 T.11S,R. 19E. 3,167,740,000
T.3S.,R. 104 W. 2,243,160 T.8S.,R. 19E. 61,266,100 T.11 S.,,R. 20 E. 3,251,710,000
T.4S,R.1E. 3,204,230,000 T.8S.,R. 20 E. 3,280,140,000  T.11S.,R.21E. 3,280,510,000
T.4S,R. 1 W 2,192,250,000 T.8S.,R. 21 E. 5,345,860,000 T.11 S.,,R. 22 E. 3,470,640,000
T.4S.,R.2E. 4,109,070,000 T.8S.,,R.22 .E 5,321,640,000 T.11 S.,,R. 23 E. 3,433,140,000
T.4S,R.2W. 2,168,130,000 T.8S.,R. 23 E. 4,387,730,000 T.11 S.,,R. 24 E. 3,186,570,000
T.4S,R.3E. 897,846,000 T.8S.,R. 24 E. 3,810,880,000 T.11S.,,R. 25 E. 2,272,480,000
T.4S,R.3W. 2,883,560,000 T.8S.,R.25E. 3,764,270,000 T.12S.,R. 19 E. 2,314,770,000
T.4S.,R.4W. 2,679,610,000 T.9S,R. 15E. 1,347,620,000 T.12S.,R. 20 E. 2,444,090,000
T.4S,R.5W. 2,323,600,000 T.9S,R. 16 E. 2,899,250,000 T.12S.,R. 21 E. 2,276,850,000
T.4S,R.6 W. 2,168,060,000 T.9S,R. 17E. 3,161,980,000 T.12S.,R. 22 E. 2,522,220,000
T.4S.,R.7TW. 2,169,470,000 T.9S.,R. I8 E. 3,560,170,000 T.12S.,R. 23 E. 2,576,360,000
T.5S,R.1E. 55,099,400 T.9S,R. 19E. 3,219,550,000 T.12S.,R. 24 E. 2,316,480,000
T.5S,R.2E. 1,244,590,000 T.9S.,R. 20 E. 5,053,560,000 T.12S.,R. 25 E. 332,327,000
T.5S.,R.3E. 264,773,000 T.9S.,R.21E. 5,900,750,000  T.13S.,R.22E. 1,492,010,000
T.5S,R.3W. 1,608,470,000 T.9S.,R.22 E. 5,663,630,000 T.13S.,R. 23 E. 938,985,000
T.5S.,R.4W. 2,730,760,000 T.9S.,R.23 E. 5,714,120,000 T.13S.,R. 24 E. 649,419,000
T.5S,R.5W. 2,373,800,000 T.9S.,R.24E. 5,082,930,000  T.13S.,R.25E. 116,804,000
T.6S.,R. 19E. 136,411,000 T.9S.,R.25E. 3,527,180,000
T.6S.,R. 20 E. 1,231,670,000 T.10S.,,R. 14 E. 194,079,000
Bed 44 total 244,681,783,360
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Figure 99.

Isopach map of Bed 76 to Bed 44 using the Radial Basis Function (RBF) method for contouring.
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Figure 100. Isoresource map of Bed 76 to Bed 44 showing oil yield in gallons per ton (GPT). The Radial Basis Function (RBF) method was used to construct the
map. Core holes are shown in black, and rotary holes are shown in red.
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Figure 101. Isoresource map of Bed 76 to Bed 44 showing oil yield in barrels per acre (BPA). The Radial Basis Function (RBF) method was used to construct the map.
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Figure 102. Isoresource map of Bed 76 to Bed 44 showing total number of barrels of oil in each township.
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Table 22. Total number of in-place barrels of oil per acre in each township for the interval from the top of bed 44 to the top of bed
76 of Donnell (2008) calculated here using the Radial Basis Function (RBF) method.

Township and Range ?):‘rirz(li; Township and Range :::irZIGs' Township and Range :::‘r;ss’
T.1N.,R. 103 W. 471,432,000 T.7S.,R. 19E. 265,322,000 T.10S.,R. 15 E. 1,311,030,000
T. I N, R.104 W. 676,263,000 T.7S.,R.20 E. 3,249,150,000 T.10S,R. 16 E. 1,797,160,000
T.1S.,R. 104 W. 205,576,000 T.7S.,R. 21 E. 3,378,130,000 T.10S.,R. 17 E. 2,186,660,000
T.2N.,R. 103 W. 350,275,000 T.7S.,,R. 22 E. 2,856,130,000 T.10S.,R. 18 E. 3,143,800,000
T.2N,R. 104 W. 738,601,000 T.7S.,R.23E. 2,029,150,000 T.10S.,R.19E. 3,463,520,000
T.2S.,R. 104 W. 26,485,200 T.7S.,R. 24 E. 1,540,130,000 T.10S.,R. 20 E. 4,022,170,000
T.3S,R.1E. 2,415,670,000 T.7S.,,R. 25 E. 1,088,350,000 T.10S.,R. 21 E. 4,085,910,000
T.3S,R.1W. 2,154,650,000 T.8S.,T.15E. 168,674,000  T.10S.,R.22E. 3,691,000,000
T.3S,R.2E. 2,104,800,000 T.8S.,R. 16 E. 1,059,710,000 T.10S.,R. 23 E. 3,397,940,000
T.3S,R.2.W 1,831,480,000 T.8S.,R. 17E. 1,384,040,000 T.10S.,R. 24 E. 3,330,440,000
T.3S,R.3W. 1,478,870,000 T.8S.,R. I8 E. 1,076,940,000  T.10S., R.25E. 1,757,010,000
T.3S,R.4W. 1,101,690,000 T.8S.,R. 19E. 59,813,100 T.11S,R. 16 E. 1,236,620,000
T.3S,R.5W. 1,135,060,000 T.8S.,R. 20 E. 2,427,940,000 T.11S,R. 17E. 1,352,230,000
T.3S,R.6W. 1,262,630,000 T.8S.,R.21E. 3,772,430,000  T.11S., R.I8E. 1,723,750,000

T.3S.,R. 104 W. 2,403,130 T.8S.,R. 22 E. 4,038,050,000 T.11S,R. 19E. 2,208,010,000
T.4S,R.1E. 2,863,310,000 T.8S.,R. 23 E. 3,032,150,000 T.11S.,,R. 20 E. 2,551,390,000
T.4S,R. 1W. 1,874,660,000 T.8S.,R. 24 E. 2,173,800,000  T.11S.,R.21E. 2,921,230,000
T.4S,R.2E. 3,526,710,000 T.8S.,R. 25 E. 2,347,780,000 T.11S.,,R. 22 E. 3,076,240,000
T.4S,R.2W. 1,602,470,000 T.9S,R.ISE. 862,653,000 T.11S.,,R. 23 E. 2,984,130,000
T.4S,R.3E. 710,074,000 T.9S,R. 16 E. 2,087,940,000 T.11S.,R. 24 E. 3,006,170,000
T.4S,R.3W. 1,850,140,000 T.9S,R. 17E. 2,655,000,000 T.11S.,R.25E. 2,306,070,000
T.5S,R. 1E. 53,249,300 T.9S.,R.18E. 3,456,580,000 T.12S.,R. 19 E. 1,137,960,000
T.5S.,R.2E. 1,166,390,000 T.9S,R. 19E. 3,266,630,000 T.12S.,R. 20 E. 1,527,110,000
T.5S.,R.3E. 217,938,000 T.9S.,R.20E. 4,048,320,000 T.12S.,R. 21 E. 1,887,780,000
T.5S,R.3W. 983,210,000 T.9S.,R. 21 E. 4,159,530,000 T.12S.,R. 22 E. 2,298,360,000
T.6S.,R.3W. 465,736,000 T.9S.,R.22 E. 3,995,970,000 T.12S.,R. 23 .E 2,306,640,000
T.6S.,R.19E. 96,974,700 T.9S.,R.23 E. 3,403,720,000 T.12S.,R. 24 E. 2,275,850,000
T.6S.,R. 20 E. 865,936,000 T.9S.,R. 24 E. 2,928,520,000 T.12S.,R. 25 E. 382,804,000
T.6S.,R.21 E. 260,276,000 T.9S.,R.25E. 2,285,780,000

Bed 76 total 168,960,275,430




uphole caving would have originated. Our assessment of these
two comparatively unimportant zones is probably markedly
too high. In-place oil in A- and B-groove represents only 1.16
percent and 2.82 percent, respectively, of the total in-place oil
assessment, so this problem is not severe. We did not apply a
correction factor at this time because of the limited data used
for the comparison. Because of the underestimation of in-place
oil in several thick, rich zones, our assessment of total in-place
oil estimate for the basin using the cutting data is somewhat
conservative.

A direct comparison cannot be made between the results
of our assessment and the one released by the Utah Geologi-
cal Survey (Vanden Berg, 2008), that assessed in-place oil
only for the single richest interval starting with the Mahogany
bed, and including oil shale both above and below the bed
until the interval reached oil yields of 15, 25, 35, and 50 GPT.
This zone is likely to be the focus of most oil shale projects in
the near future, in particular those that involve underground
mining and surface retorting. Our assessment, as previously
discussed, included nearly the entire oil shale interval by
subdividing it into 18 separate oil shale zones, with each being
assessed for regional trends in thickness, GPT, BPA, and total
barrels of oil in each township. It is therefore a more complete
assessment, the results of which may be important to future in-
situ retorting projects that process thick intervals of oil shale
regardless of grade.

The present assessment can, however, be directly com-
pared with a recent assessment of the Piceance Basin to the
east, as both assessed the same time-stratigraphic intervals
(Johnson and others, 2010). The same types of maps were gen-
erated for each oil shale zone, and the same method, the RBF
method, was used to generate the maps and calculate in-place
resources. Table 23 compares total in-place oil in each basin,
approximate range of GPT and BPA in the basin depocenters,
and maximum in-place oil in an individual township in each
basin. The total in-place resource for the Uinta Basin of 1.32
trillion barrels is only slightly lower than the total of 1.53 tril-
lion barrels for the Piceance Basin (table 23), which is thought
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to contain the richest oil shale deposit in the world. However,
the area underlain by oil shale in the Uinta Basin is much
larger than that of the Piceance Basin, with the Mahogany
zone underlying 3,834 mi? of the Uinta Basin as compared to
1,335 mi%in the Piceance Basin. Average GPT and BPA values
for each oil shale zone assessed are significantly lower in the
depocenter in the Uinta Basin when compared to the Piceance
Basin (table 23). For example, although the Mahogany zone
contains more in-place oil in the Uinta Basin than in the
Piceance Basin (215 BBL vs. 192 BBL), the GPT values in
the depocenter of the Piceance Basin vary from 25 to 33.1
GPT whereas those in the Uinta depocenter vary from 15 to
25.5 GPT. Maximum BPA for the Piceance Basin ranges from
300,000 to 395,000 BPA and from 150,000 to 229,000 for the
Uinta Basin, and maximum oil yield in the Mahogany zone

in a single township in the Piceance Basin is 8.7 BBL and 5.5
BBL for the Uinta Basin. Thus, the oil shale resources in the
Uinta Basin are of lower grade and more dispersed than the oil
shale resources of the Piceance Basin.

Total in-place oil for zone R-6 and all zones above are
roughly comparable for the two basins, but for zones L-5
through L-0 total resources are much greater in the Piceance
Basin than in the Uinta Basin. The R-0 zone contains signifi-
cantly greater total resources in the Uinta Basin than in the
Piceance Basin, but GPT values and BPA values are signifi-
cantly higher in the Piceance (table 23). Only four zones in
the Uinta Basin, the R-3, R-4, R-5, and Mahogany zones
average greater than 15 GPT anywhere in the basin, whereas
in the Piceance Basin, 16 of the 17 oil shale zones exceed this
minimum (table 23). In addition, the richest oil shale is con-
fined to a comparatively small area in the northeastern part of
the Uinta Basin. The reasons that the oil shale interval in the
Uinta Basin is of overall lower grade than that in the Piceance
Basin may include more clastic influx, less organic productiv-
ity, and a net flow of water out of the Uinta Basin and into the
Piceance Basin. An eastward flow may have carried with it
much of the algae and other microorganisms that make up the
majority of the organic matter in the oil shale.



Table 23. Comparison of the total in-place barrels of oil in each oil shale zone assessed in the Uinta and Piceance Basins.

[GPT, gallons per ton; BBL, bbls, barrels; BPA, barrels per acre; Tsp, Township; MBO, million barrels of oil; NA, not assessed]

. Uinta
. 0Oil in—place Oil in place Piceance Basin,  Uinta Basin, . . . . . Plcea_nce Basin,
0Oil shale . . . . . . Piceance, maximum Uinta Basin, maximum Basin,
Piceance Basin, Uinta Basin, maximum maximum . max. bbls
zone BPA BPA max. bbls in .
BBL BBL GPT GPT Tsp (MBO) in Tsp
P (MBO)
Top Bed 76- NA 168,960,275,430 NA 7 to 10.1 NA 150,000-199,000 NA 4,160
top bed 44
Top A-groove-
top bed 44 189,696,642,130 244,681,783,360 15to 21.5 12to 14.7 300,000 to 467,000000 200,000 to 279,0000 to 297,000 10,0811 5,664
A-groove 6,283,095,737 15,254,421,481 5t022 5to 15 5,000 to 25,000 7,000 to 32,000 305 420
Mi};z%any 191,716,681,060 214,578,720,401 25t0 33.1 15t025.5 300,000 to 398,000 150,000 to 229,000 8,747 5,521
B-groove 7,819,053,970 37,204,117,714 5t025.2 2to 14.5 10,000 to 47,000 15,000 to 72,000 459 942
R-6 185,366,007,632 176,618,343,047 22 to 33.1 5to 13.9 300,000 to 424,000 100,000 to 231,000 8,521 3,881
L-5 66,063,806,739 43,951,156,922 10 to 22.5 4t010.8 100,000 to 274,000 25,000 to 88,000 4,023 1,184
R-5 198,239,468,346 83,410,081,551 20to 41.4 810 16.8 350,000 to 869,000 50,000 to 153,000 13,358 2,405
L-4 69,126,949,762 24,437,646,799 15t0 33.9 1t0 8.2 100,000 to 426,000 10,000 to 35,000 5,220 618
R-4 127,150,178,615 70,540,939,799 25t041.0 81t023.9 200,000 to 424,000 50,000 to 104,000 8,922 1,585
L-3 22,504,056,571 1,375,800,960 15to 34.7 5t0 12.9 40,000 to 94,000 5,000 to 15,000 1,415 219
R-3 68,084,658,284 3,763,406,000 20to43.5 5t020.4 150,000 to 381,000 5,000 to 46,000 6,462 535
L-2 24,216,677,409 1,738,789,600 15to 34.1 210 8.9 50,000 to 112,000 3,000 to 22,000 1,539 315
R-2 66,768,689,056 10,878,365,000 30to45.3 1.5t04.5 150,000 to 242,000 15,000 to 51,000 4,017 897
L-1 15,066,851,989 4,985,817,000 5t025.3 1t02.5 20,000 to 80,000 10,000 to 39,000 876 891
R-1 195,372,090,899 95,374,909,800 10 to 28 2t04.3 200,000 to 435,000 125,000 to 160,000 9,440 3,336
L-0 8,265,472,203 5,824,455,175 8to 14.3 1t03.8 15,000 to 32,000 5,000 to 12,000 509 244
R-0 83,416,642,063 115,384,562,648 10to 15.7 41t09.8 150,000 to 247,000 50,000 to 144,000 4,323 2,491
Total this
assess- 1,525,157,022,463 1,318,963,592,687
ment:
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