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INTRODUCTION

Wyoming may hold significant marginal oil resources in the form
of asphalt and heavy oil impregnated rocks. In the past, limited
attention has been afforded to Wyoming's unconventional petroleum
deposits. Today, with continuing concerns over availability of petrol-
eum, these marginal resources may require re-evaluation. During the
1982 Summer field season, the Wyoming Geological Survey is planning
to investigate the Trapper Canyon tar sand deposit (referred to as
Battle Creek in accompanying tables) in secs. 32 and 33, T.52N., R.
89W., Big Horn County, Wyoming.

Currently, a definition of asphalt and heavy oil impregnated
rocks and a synopsis of known rock asphalt deposits in Wyoming is
presented. Knowledge of these deposits individually is found widely
scattered throughout the literature and is scarce in many cases. There
are a number of fields that produce heavy oil (refer to Thorton, 1979),
however, this introduction is concerned primarily with deposits of
asphalt impregnated rocks. With better understanding of deposits and
recovery techniques, new field evaluations of known deposits is recom-

mended for precise evaluation of Wyoming's rock asphalt accummulations.

DEFINITION OF ASPHALT AND HEAVY OIL

More exotic techniques are required to produce hydrocarbons from
rock asphalt and heavy oil impregnated rocks than are required for strata
containing conventional crude oil. Because of higher natural viscosities,

heavy oil and asphalt ooze out of their host rocks at a rate too slow for



economical production. Definitive characteristics of heavy oil are:

a) between 20° and 10° API gravity*, and b) between 100 and 10,000 cen-
tipoise gas-free viscosity at original reservoir pressure and tempera-
ture (Guerand, 1982). Asphalt is defined by: a) less than 10° API
gravity, and b) greater than 10,000 centipoise gas-free viscosity
(Guerard, 1982). In addition to the extreme viscosity that makes these
petroleum varieties practically irrecoverable by conventional methods,
most contain excessive amounts of sulphur compounds and metals, increa-
sing refining problems.' Further, their low distillation yield makes
them less desirable to refine (Hallmark, 1979).

Evans (1975) reasoned that heavier oil and asphalt are evolved
from crude oil when the lighter petroleum is subject to higher temper-
atures and pressures for a time. Processes involved in the metamorphosis
include (refer to Evans, 1975): a) evaporation of volatile fractions,
b) condensation, c) oxidation, d) sulfurization, and e) polymerization.
These processes may operate individually or in combination on a deposit
of lighter oil to produce the observed variety of native bituminous sub-
stances. Varieties of bitumen result from hydrocarbons compounded with
other substances that alter normal hydrocarbon properties, including:

a) sulphur, b) oxygen, c) nitrogen, and, sometimes d) various metallic

elements. Hunt (1979) adds that, while some solid bitumens in rock

*API gravity is a method for specifying the density of crude petroleum,
modeled after a Baume scale for comparing lighter liquids with water.
This density, in degrees API, equals —lééié—- — 131.5. P is the specific

gravity of the petroleum measured at 15.6° C (American Geological Inst., 1976).



result from the physical, chemical and biological degradation of
normal crudes; others are simply immature heavy asphalt that probably
never existed as light oils.

Asphalts occur in several types of "Bituminous rock,'" commonly
referred to as rock asphalt (including tar sand), ozokerite and asphal-
tite. The following descriptions are summarized primarily from Evans
(1975):

a) Rock asphalt includes asphaltic limestones, sandstones and
porous rocks with similar lithologies. Solid to semi-solid
bituminous material in these rocks is typically reddish-
brown to black and often soluble in carbon disulfide. A
variety of rock asphalt, referred to often, is tar sand.

Tar sand, as defined by API, includes rocks from unconsolidated
sand to lithified sandstone that contain highly viscous
hydrocarbons (other than coal and oil shale) which are not
recoverable by primary methods. Bitumen characteristics in

tar sand conform to those previously presented for asphalt;
i.e., greater than 10,000 centipoise viscosity or less than

10° API gravity at 60° F and normal atmospheric pressure.*

This definition is conformable with descriptions by the IOCC,

*A specific temperature and normal atmosphere pressure are often assigned
to the definition, rather than simply 'at original reservoir pressure and

temperature," in order to compare separate deposits.



b)

C

U.S.D.0.E., and the United Nations. Merchant, et al.,
(1979), adds that the bitumen in tar sand is so viscous

and immobile as to prevent displacement and production

by primary methods, while heavy oil impregnated sandstones
can be produced from, but not at economical rates.

Ozokerite (mineral wax) is thought to result from meta-
morphosis or polymerization of predominately paraffinaceous
petroleum; a process involving more than simple evaporation
of volatilés from crude oil. Hunt (1979) states it is
possible to derive such waxes from inspissation of almost
any high wax petroleum. Characteristics of ozokerite in-
clude yellow to dark brown color, moderate hardness, fusion
temperature between 60 and 95° C and specific gravity between
0.926 and 0.928. Native mineral wax and associated mineral
matters occur either as distinct vein fillings or as inter-
stitial material in rock pores. Hunt (1979) adds that ozo-
kerite also represents the natural residuum of high wax oils
exposed to the surface.

Asphaltite is derived from rock asphalt. Relatively pure
asphalt is thought to become 'harder," or less soluble and
having higher temperatures of fusion, with continuing meta-
morphism. The product is asphaltite. Even further meta-
morphism results in asphaltoids; infusable, less soluble
derivatives of asphaltites. Hunt (1979) reports other as-

phaltites are indurated bitumens formed by polymerization



and gelation of asphaltic components.
Asphalts and asphaltite deposits occur worldwide. Most deposits
are often found associated with structural uplifts where oil producing
sandstones crop out. Asphalts are most apt to be associated with active

seeps. Breached and fractured crude oil reservoirs are a common source

of asphalt deposits (Hunt, 1979).

IMPORTANCE IN WYOMING

In the past, many oil seeps have played a role in the exploration
and settlement of the West and early oil exploration in Wyoming (Ball,
1965). The hydrocarbons were initially used as axle grease for wagons
and fuel for lanterns. With increased technology, the petroleum demand
switched to highly refined petroleum products to power automobiles,
trains, aircraft, spacecraft, etc. Today and in the foreseeable future,
petroleum deposits that lend themselves to easy and economic refining
are becoming less available. This trend will focus some attention back

to the rock asphalt from which oil oozed in the early days.

Several formations are reportedly variably oil impregnated over
wide areas. These occurrences are widely known by local populations,
but there is often scant published information about their characteristics
and specific localities. Notable formations variably impregnated with
0il throughout Wyoming include the following (Ball, 1965):

Phosphoria Formation - sandy members interbedded with limestone

and dolomite commonly contain asphaltic residue and are impreg-

nated with tarry oil as well as light oil over large areas on



the northeast flank of the Wind River Range and on the north
and south flanks of the Owl Creek Mountains.

Dinwoody Formation - thin bedded, slabby sandstones in this

unit are commonly oil stained in the northwest Wind River Basin.

Chugwater Formation - the Red Peak Member is commonly impreg-

nated with heavy oil in outcrops over large areas in the north-
western Wind River Basin and in southwestern Big Horn Basin.
Massive gray sandstones of the Crow Mountain Member are heavy
oil impregnated over wide areas in northwestern Wind River Basin,
and, to a lesser extent, in southwestern Big Horn Basin.

Mesaverde Formation - basal sandstones, especially at the Mesa-

verde-upper Cody Shale interface, are impregnated with light
colored and high gravity oil in wide outcrops in southern and

southwestern Wind River Basin.

Wasatch Formation - sandstones are variably impregnated with

heavy oil on the southwest flank of the Rock Springs Uplift.
The table at the end of this report shows the heavy oil and rock
asphalt deposits known to the Wyoming Geological Survey through readily

accessible sources. More detailed information is available, but scattered

through the literature.

RECOVERY AND PRODUCTION

A VARIETY OF TECHNIQUES
Techniques for recovering desired petroleum from asphalt and heavy
0oil impregnated rocks and their success vary with the characteristics of

each deposit; involving viscosity of the hydrocarbon, potential quality



of the product as well as composition and character of the host rock.
Hallmark (1979) describes several techniques that have been applied in
California:
a) Cyclic steam stimulation at the Vaca Tar Sand deposit, Ventura
County.
b) Mining and subsequent processing of ore for several discontinuous
outcrops of rich tar sand in the Sisquoc area, Santa Barbara
County.

c¢) In-situ retorting (vaporizing the hydrocarbons in the reservoir)

at tar sand deposits in the Santa Cruz area, Santa Cruz County.

Evans (1975) reports that the recovery of bitumens is possible
through other physical extraction and pyrolysis techniques. A type of
physical extraction involves introducing solvents, such as carbon disul-
phide, into the reservoir rock; recovering the resulting oil rich solution;
and separating the solvent from the oil. Solvent recovery expenses,
however, have prohibited economic competition with hot water techniques.
Pyrolysis, described in depth by Rammler (1970), involves subjecting the
source rock to high temperatures; decomposing the more volatile components;
and recovering the desired products.

In Labette County, Kansas, the EOR Petroleum Company has experimented
with a combination mining and in-situ process that they term "flip-flop."
The reservoir top is accessed by shafts and tunnels. A heated surfactant
solution is pumped into the exposed reservoir formation top. The solution
is then absorbed, with the aid of gravity, into the reservoir and displaces

lighter oil upward. The displaced oil is then skimmed off the top of the



reservoir and pumped to the surface (Merchant and Koch, 1981).

Other recovery projects briefly described by Merchant and Koch
(1981) utilize solution by hot water solvents and explosive fracturing
of a reservoir prior to in-situ combustion. Reservoirs are also heated
with radio waves. The less viscous fluid is then collected in a chamber

below the reservoir strata by gravity drainage.

OPERATIONS IN WYOMING
Big Horn Basin

On the east flank of the Big Horn Basin, Brent Exploration is
experimenting with an enhanced oil recovery project in Ts. 53-56 N.,
Rs. 91-93 W. (Gill, 1982). Reserves in Phosphoria Formation carbonates
are estimated at 0.9 billion barrels of 10° API gravity, 1,300 centi-
poise heavy oil. Recovery operations in July and August involved ini-
tial steam injection through a center well in a 10 acre, 5 spot pattern.*
The injected steam then builds a '"front" against the oil within the
reservoir. The steam, under high pressure, begins to push a bank of
0oil away from the injection point. A high pressure zone spreads outward
from the injection point as the bank of hydrocarbons moves toward the
outlying producer wells. With 60 days of injection, significant pressure
increases were noted in the four peripheral wells. Although no oil was
produced, significant volumes of more mobile water and gas were produced.

The gas rose in methane concentration from 0 to 80% during the experiment.

*Four peripheral wells arranged in rectangular outline with the fifth

well in the center; all within a 10 acre area.



According to the enhanced-oil-recovery consultant on site,this methane
increase indicates that hydrocarbons -were displaced and that an oil

bank was forming between the injector and producer wells, with the water
and gas being moved first.

After steam flooding, hot water was injected over the same inter-
val. The same pattern of water and gas displacement was maintained. Then,
perhaps due to irregularities in the reservoir, the front between injected
fluids and slowly migrating bank of oil was broken. The injected fluids
found a "path of least resistance'" through the oil bank and flowed through
to producing well number 2. With this subsurface leak, the pressure that
was driving the oil bank was reduced and oil migration presumably slowed.
After the breakthrough was detected at the no. 2 producing well, a poly-
mer was added to the hot water. The polymer, polyacrylamide, was designed
to increase the injected fluid viscosity and otherwise modify its prop-
erties in hopes of plugging the hole in the front between the injected
fluid and the oil bank. Once accomplished, driving pressure could be
restored behind thé oil bank, reviving migration. Introduction of the
polymer resulted in abrupt pressure reduction in well no. 2. The pressure
drop indicated that the leak in the fluid-oil front had been plugged;
injected fluid was no longer escaping.

The recovery consultant suggested that the preceding results prove
that the polymer would be useful in controlling injected fluid mobility
and may be useful for future recovery projects. In addition to being
more effective than steam, Brent Exploration officials note that hot water

and polymer injection adds only §5 to the cost of a produced barrel of



0il, while steam injection adds $15 to each barrel. Further, with the
hot water and polymer injection, Brent suggested that the existing 10
acre pattern could immediately become a commercial operation and would
produce 20 barrels of oil per day per well, for a total of 80 bopd.
Full scale tests using hot water and polymer injection began in mid-
January, 1982 (Gill, 1982).
Burnt Hollow

In Crook County, 24 miles northwest of Hulett in T.55N., R.64W.
(20 sections), Kirkwood 0il and Gas from Casper, Wyoming, along with
Glenda Exploration and Development Company and Pogo Producing Company
initiated a pilot tar sand oil recovery project in 1981. The deposits
consist of 9° API gravity and 1,000,000 centipoise asphalt in the Min-
nelusa Formation. The formation reservoir averages 25 feet thick at
a depth of 900 feet. This in-situ commercial pilot project was estimated
capable of producing 50 bopd per well through injecting steam and caustic
chemicals in a two acre inverted five spot array.* Total reserves are
estimated ati364 million barrels, of which 182 million barrels are esti-

mated recoverable, over an area of 12,800 acres (Merchant, 1981).

*Four wells are arranged in rectangular outline with the remaining well
in the center, all within an area of two acres. '"Inverted" indicates
that material is injected into the center well as the peripheral four
wells are producers. In '"conventional" techniques, the peripheral four

wells are injectors and the single center well is the producer.



Trapper Canyon

In Big Horn County east of Shell, Wyoming, in secs. 32 and 33,
T.52N., R.89W., Big Horn Oil Company from Salt Lake City along with
SPC Enterprises had operated another tar sand oil recovery project.
This deposit consisted of an estimated 1.96 million barrels of 5.6°
API gravity and greater than 10,000 centipoise asphalt over 66 acres
in the Pennsylvanian Tensleep Sandstone. The formation reservoir is
18 feet thick and crops out in the area of interest. The rock as-
phalt (i.e. tar sand, in this case) had been mined. The ore then was
taken to a processing plant, with the petroleum extracted via the
modified Brimhall Cold Water* technique. This operation is estima-
ted to yield 15 BPH. It has since been shut in by the Wyoming Depart-
ment of Environmental Quality and the U.S Bureau of Land Management

because of lease and environmental concerns.(Merchant, 1981).

*Patented by a member of the Brimhall family of Utah and since improved
upon, this technique involves introducing cold water with a petroleum
based solvent into the mined tar sand and then processing the mixture

to extract the desired petroleum.



APPENDTIX
The following table is a brief summary of rock asphalt deposits
(and some heavy o0il) in this state, as readily known to the Wyoming

Geological Survey.
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