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CHARACTERISTICS OF THE PR SPRING
TAR SAND DEPOSIT, UINTA BASIN, UTAH, USA
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Abstract

The Laramie Energy Technology Center (LETC) con-
ducted a seven-corehole drilling program in the PR Spring
tar sand deposit, southeastern Uinta Basin, Utah, during
the summer of 1980. Three main tar sand zones in the
southwestern and west-central portion of the deposit were
correlated by cross sections, using six of the seven LETC
coreholes. The saturated beds and zones are lenticular and
discontinuous over both large and small areas. As deter-
mined by the LETC cores and twenty eight previously
drilled cores in the deposit, from one to twenty seven
separate tar sand beds at least one foot thick of contin-
uous saturation exist in the deposit, the thickest of which
is 10.7 m (35 ft) thick. Analytical results from the LETC
cores and the twenty eight other cores were integrated to
further evaluate tar sand characteristics of the deposit. The
following general trends were noted: extracted permea-
bility and extracted porosity decrease downdip (north-
west); oil saturation decreases to the west-southwest; and
water saturation decreases to the east.

INTRODUCTION

The recent search for conventional sources of oil in the
United States has resulted in some new discoveries being
made, but interest in utilizing alternative sources of fuel
has increased sharply, with emphasis on shale oil and tar
sands. Drilling in several states, primarily Oklahoma, Texas,
California, New Mexico and Utah, has helped in determin-
ing the extent of tar sand resources in the United States
(figure 26-1).

Utah contains an estimated 81% (20 billion barrels) of
the nation’s tar sand resources (figure 26-2). Six principal
deposits account for 97% of that total. The PR Spring
deposit, located in the southeastern portion of the Uinta
Basin, encompasses an area of about 435 sq km (270 sq mi)
in Uintah and Grand Counties. The PR Spring resources
are estimated at 4.5 billion barrels (Minutes, 1980; Ritzma,
1973).

Tar sand deposits in the Uinta Basin have been utilized
in the past principally for road paving (Marchant et al.,

1974). Some small-scale experimental efforts involving
mining and extraction in surface plants have been con-
ducted, but none have been commercially successful. As
a result of decontrol of oil prices and recent availability
of leases for tar sands, several companies have planned or
are designing methods to develop technology for in situ or
surface extraction of oil from tar sands. Since most of the
tar sand leases containing petroleum in ‘“‘tar’” form are
under considerable overburden, future emphasis will be on
in situ production or underground mining with subsequent
surface extraction.

During the summer of 1980 the Laramie Energy Tech-
nology Center (LETC) conducted a drilling and coring
program on the PR Spring deposit (core-holes UTS-1
through UTS-6). The LETC-generated information was
integrated with other available data to evaluate the deposit.
Seven corehole drill sites were selected at varying distances
from other coreholes which are sources of data (figure 23-3).
Lithologic columns and stratigraphic cross sections are
included to illustrate the nature of the saturated strata,
including depth of burial, thickness, lateral continuity,
porosity, permeability, and oil saturation. These data will
hopefully offer encouragement toward the development of
the deposit as a source of economically-producible petroleum
products.

GEOGRAPHIC AND GEOLOGIC SETTING

The PR Spring deposit encompasses all or parts of
Townships 12 S - 17 S and Ranges 21 E - 25 E (figure
26-4). It is centered 241 km (150 mi) southeast of Salt
Lake City, Utah, 96 km (60 mi) south of Vernal, Utah,
113 km (70 mi) north of Moab, Utah, and 92 km (57 mi)
southwest of Grand Junction, Colorado (Minutes, 1980).

The Uinta Basin was formed during the Eocene Epoch
of the Tertiary Period and presently occupies an area 129
km (80 mi) north-south and 209 km (130 mi) east-west.
The sediments in which the tar sands are presently found
were deposited in semi-fluvial to semi-lacustrine environ-
ments, closely followed by and fluctuating with a lacustrine
environment. The rate of sedimentation in Lake Uinta was
influenced by climatic changes. The major stratigraphic

*Laramie Energy Technology Center, U.S. Department of Energy.
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Figure 26-1. Tar sand occurrences in the U.S.

units deposited at this time were the Green River and
Wasatch Formations. The oil-impregnated zones are found
in the sandstones of the upper Douglas Creek Member of
the Green River Formation (figure 26-5; Gwynn, 1977).
The coarser sediments were derived from the surrounding
drainage areas and the finer sediments by mechanical abrus-
ion and from chemical precipitation. Great amounts of
plankton, algae, etc., existed in this shallow, freshwater
to slightly brackish lake, providing the organic sources of
the kerogen in the oil shales of the basin. Oil shale and tar
sands are occasionally interbedded in the PR Spring deposit,
but the most common situation is for the tar sands to be
found underlying the oil shales at intervals up to approxi-
mately 200 feet.

The source of the oil in the sandstone beds is from the
overlying organic-bearing oil shales of the Parachute Creek
Member of the Green River Formation (Campbell and
Ritzma, 1980). Qil migration has probably been over com-
paratively short distances because of the close proximity of
the source and the reservoir rocks. Varying degrees of
saturation are found in thirteen principal sandstone zones,
which are lensing and discontinuous from area to area.
The thickest and most numerous tar sand zones are found
in the south-central portion of the deposit where the im-

pregnated beds range from several centimeters to 10.7 m
(35 ft) in thickness. »

The Uinta Basin is a structurally asymmetric basin with
the steeply sloping side to the north-northeast and the
gently sloping side to the south-southeast (Cashion, 1967).
The west and southwest flanks have varying dips up to 12
degrees east and northeast. Dips on the south flank of the
basin are north-northwest 1.5°-3°, providing the gentle dip
slopes along which hydrocarbons migrated. Subsequent
erosion has exposed the tar sands in the walls of the princi-
pal canyons in the area. This erosion also permitted the
more volatile components of the hydrocarbons to escape
(Ritzma, 1973).

CROSS SECTIONS .

Thirty four coreholes penetrated tar sand zones within
the boundaries of the PR Spring deposit (table 26-1, figure
26-3). Table 26-2 contains pertinent general information
on Utah tar sand deposits (Marchant et al., 1980), and
table 26-3 includes analyses of six of the LETC cores.
The seventh corehole, UTS-7, contained no tar sand.

Two cross sections (figures 26-6 and 26-7) have been
constructed incorporating data on six of the seven LETC
coreholes and information available on twenty eight other
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Figure 26-2. Utah tar sand deposits

Table 26-2. Characteristics of some
major Utah tar sand deposits

Porosity High
Permeability {oil extracted) High
Permeability (oil saturated) Low
Oil saturation range 0-100%

Water saturation
Oil gravity range
Overburden range
Surface mineable

Low (oil wet)

> 966 kg/m® (14° API)
0-610 m (0-2000 ft)

< 15%

coreholes (Cashion, 1981; Peterson, 1975; Peterson and
Ritzma, 1974; LETC files). Because it is difficult to graph-
ically represent the coreholes laterally by elevations, these
cross sections were constructed to correlate three main tar
sand zones. The apparent dip of the tar sand zones in these
two figures is not representative of the actual dip of the
beds. Although a number of deep oil and gas test wells
have been drilled in the area, data from them is insufficient
for use in lithologic interpretation. '
Variation in the number of individual saturated beds is
evident from these cross sections. Correlations of three
principal zones are indicated in figures 26-6 and 26-7,
providing additional evidence of the discontinuous nature

of the reservoir beds. In contrast to work in previous pub-
lications (Johnson et al., 1975b, 1975c¢), the correlation
of zones one-three does not include all thinner saturated
beds. The correlations herein are based on thicker saturated
zones, which could actually be redesignated by the name
“bed.”” However, the lithology of the saturated beds is not
homogeneous, thus the term ““zone™ is used. Corehole UTS-2
contains the least number of saturated beds of those holes
drilled by LETC, except for the barren seventh corehole
(UTS-7). Located in section 25, T16S, R22E, corehole
UTS-7 contained no apparent hydrocarbon staining. The
southeastern limit of saturation in the PR Spring deposit
is therefore thought to be north and east of this well loca-
tion. The greatest total thickness of saturation occurs in
corehole UTS-6 (map number 34, figure 26-3), the core-
hole farthest updip among these drilled. This indicates
that greater volumes of oil migrated updip when porosity
and continuous permeability were sufficient in the host
rock.

Table 26-1 contains general information on the thirty
four coreholes. It also lists specific beds and zones of
saturation, some generalized and some identified by detailed
footages, depending upon the availability of data. The raw
data on coreholes UTS-1-UTS-6, summarized in table 26-3,
is available from LETC upon request.
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Figure 26-3. Corehole and cross section locations in the PR Spring deposit

TAR SAND CHARACTERISTICS

Figures 26-8 and 26-9 are lithologic columns of six of
the coreholes drilled by LETC during the exploration phase
of the research. Laboratory analyses were completed on
these six coreholes (table 26-3). Oil saturations on each of
the tar sand zones is represented to the right of the litho-
logic columns. Every foot of core lithologically described as

a tar sand was not necessarily analyzed, explaining the
missing actual saturation values in figures 26-8 and 26-9.
The zones in figures 26-6 and 26-7 were based on litho-
logic descriptions and oil saturation analyses. Additional
data on various parameters of the analyses are also found
in table 26-3.
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Figure 26-4. Areal extent of the PR Spring deposit with structural contours on overlying Mahogany oil shale bed
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A number of properties of the saturated zones have been !
determined before and after extraction of the oil. A sum-

mary of the analytical data on the six LETC coreholes is 1 E=—S=—s={ Mhomny
presented in table 26-4. ;’:"k“
z »m

SUMMARY AND CONCLUSIONS e

Numerous tar sand beds are found in cores of the PR &
Spring deposit. Of the seven coreholes drilled by LETC in < Mahogany
1980, six contained oil-bearing strata in the form of tar = oit-shale
sand. The number of individual beds in the six coreholes o bed MA&%%%NY( face)
ranged from two in UTS-2 to eight in UTS-6. Other cores ™ papacuute > Tor e
from various parts of the deposit contain from one to 5~ CREEX ZONE  (subsurface)
27 individual beds. The most prominent beds are correlated s MEMBER
into three principal zones, traceable on cross sections con- =
structed from core data obtained by LETC, the U.S. Geo- z  DOUGLAS J
logical Survey, and the Utah Geological and Mineral survey. w  ,Sheger OIL IMPREGNATED

Table 26-5 contains four analytical parameters of four = ZONE
major Utah tar sand deposits: PR Spring, Hill Creek, Sun- z ususlly inclades
nyside, and Tar Sand Triangle. The PR Spring deposit (:ﬁ.:::".::::ﬁ&)
averages highest in extracted permeability of these four limestomes
deposits, however oil saturation is still low to moderate Lean

(about 45%). Extracted porosity is similar for all four
deposits, averaging 22.4%. The average oil saturation for

these major deposits is 41%. The PR Spring tar sand is .
considered a “dry” sand; that is, there is very little water Figure 26-5. Nomenclature of beds and members of the

occupying pore space in the sandstone. Green River Formation above and below the
These same four parameters are compared for nineteen contact of ParachuteCreek and Douglas Creek
coreholes in the PR Spring deposit (table 26-6). The six Members (Peterson, 1975}

Table 26-5. Average analytical data for Utah tar sand deposits

PR Springa Hil Creekb Sunnyside® Tar Sand Triangle®
Extracted permeability. .. .. .. md 1309 323 570 340
Extracted porosity. . . .« ..... pct 24 .4 22.4 23.1 19.8
Oil saturation. . ...... pct pore vol 448 36.6 51.8 32.2
Water saturation . . . ... pct pore vol 7.3 16.8 20.9 4.67

8LETC files; Johnson et al., 1975a, 1975b, 1975¢; Marchant et al., 1974
bPeterson and Ritzma, 1974
CCampbell and Ritzma, 1980

Table 26-6. Average analytical data for coreholes drilled in PR Spring area

LETC UTS
Coreholes Threemile Asphalt North South
(7,13,18, Canyond Washb Seep Ridge¢  Seep Ridged
23, 25, 34) (3,4,5,6) (1,11,12) (8, 10, 19) (20, 30, 31)
Extracted permeability. . .. ... md 494 .2 2855 596 384 2218
Extracted porosity. . . . . ... .. pct 216 29.2 247 20.9 25.6
Oil saturation . . . ... .. pct pore vol 23.5 67.4 58.1 38.6 36.5
Water saturation . .. ... pct pore vol 14.8 6.0 9.1 2.8 3.7

3Marchant et al., 1974
Johnson et al., 1975a
Cjohnson et al., 1975b
Johnson et al., 1975¢
Note: The material within parentheses are map numbers on figure 26-3.
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Figure 26-6. NW-SE cross section A~A’. Cross sectional distance approximately 24 km (14.9 mi)
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Figure 26-8. Lithologic columns of UTS-1 through UTS-3 coreholes with oil saturation zones
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PR Spring Tar Sand Deposit
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Figure 26-9. L thologic columns of UTS4 through UTS-6 coreholes with oil saturation zones
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LETC coreholes, along with coreholes from four areas of
the deposit, are included in this table: Threemile Canyon—
extreme northeast; Asphalt Wash--northeast; North Steep
Ridge—north central; and South Steep Ridge—south central.
By comparing the analytical data on these coreholes, the
following general trends are evident for the PR Spring
deposit: 1) extracted permeability decreases downdip

(northwest), with an anomalous high occurring at the
Threemile Canyon area; 2) extracted porosity decreases
downdip (northwest); 3) oil saturation greatly decreases
to the west-southwest; and 4) water saturation decreases to
the east. These are general trends; abnormally high or low
values do occur within the deposit and are considered to
be from anomalous saturated beds.
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