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Abstract

The Mississippian age Hartselle Sandstone of northwestern Alabama has been estimated to contain approximately 7.5 billion barrels of bitumen, with
roughly 350 million barrels within 15 meters (50 feet) of the surface. No commercial development of these oil sands has occurred as of yet. With the
increased desire for North American energy independence, the Alabama Oil Sands Program (AOSP) was established to provide a comprehensive, up-to-
date geological and engineering assessment of oil sands resources in Alabama, as well as a thorough evaluation of legal and regulatory issues surrounding
development. The AOSP serves as a focus for oil sands activities and initiatives in the state to conduct complete geological, geochemical, geophysical,
and engineering analyses. After a comprehensive review of the legacy data available at the Geological Survey of Alabama and the State Oil and Gas
Board, a “fill in the gaps” approach is being used for the AOSP. Previously sampled and tested outcrops have been revisited in order to implement
modern testing methods to provide updated information about the hydrocarbons and physical properties of the Hartselle Sandstone. Additional sites have
been identified and are being sampled and analyzed. A ground penetrating radar (GPR) survey has been conducted in the area of interest, in order to better
define the vertical structure and possible hydrocarbon saturation down to an estimated depth of 200 m within the Hartselle Sandstone. Additional analyses
of newly acquired cores and subsequent chemical analyses of the rock and bitumen will help ground truth the GRP survey. With the acquisition of this
new data, current reservoir models and reserve estimates can then be recalculated using up to date methodologies. Newer near-surface and in situ
extraction technologies are being investigated for their applicability to small- to medium-sized deposits such as the Hartselle in Alabama. Thus, the AOSP
will provide a comprehensive assessment of the potential for development of the Hartselle Oil Sands of Alabama.
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The Hartselle Sandstone, Alabama's Oil Sands Resource
Christopher H. Hooks, Denise J. Hills and Marcella R. Mclntyre-Redden

ABSTRACT

The Mississippian age Hartselle Sandstone of northwestern Alabama has been estimated to
contain approximately 7.5 billion barrels of bitumen, with roughly 350 million barrels within 15 meters
(50 feet) of the surface. No commercial development of these oil sands has occurred as of yet, With the
increased desire for North American energy independence, the Alabama Oil Sands Pragram (AOSP) was
established to provide a comprehensive, up-to-date geological and engineering assessment of oil sands
resources in Alabama, as well as a thorough evaluation of legal and regulatory issues surrounding
development. The AOSP serves as a focus for oil sands activities and initiatives in the state to conduct

complete geological, geochemical, geophysical, and engineering analyses.

After a comprehensive review of the legacy data available at the Geological Survey of Alabama and
the State il and Gas Board, a “fill in the gaps” approach is being used for the AOSP. Previously sampled )
and tested outcrops have been revisited in order to implement modern testing methods to provide
updated information about the hydrocarbons and physical properties of the Hartselle Sandstone,
Additional sites have been identified and are being sampled and analyzed. A ground penetrating radar
(GPR) survey has been conducted in the area of interest, in order to better define the vertical structure
and possible hydrocarbon saturation down to an estimated depth of 200 m within the Hartselle
Sandstone. Additional analyses of newly acquired cores and subsequent chemical analyses of the rock
and bitumen will help ground truth the GRP survey. With the acquisition of this new data, current
reservoir models and reserve estimates can then be recalculated using up to date methodologies.
Newer near-surface and in situ extraction technologies are being investigated for their applicability to
small- to medium-sized deposits such as the Hartselle in Alabama. Thus, the AOSP will provide a
comprehensive assessment of the potential for development of the Hartselle Oil Sands of Alabama.
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* Alberta's oil sands contain about 174 billion
barrels of bitumen {Hein, 2006).

* Reserve estimates of oil sands in Alabama
are only 7.5 billion barrels of bitumen, with
approximately 350 million barrels estimated
in the near surface (Wilson, 1987).

# The areal extent of the Wabiskaw-
McMurray deposit is approximately 58,000
km? (22,400 mi’) (AER, 2014) with the
surface mineable area being approximately
3,700 km? (about 1,430 mi*) (Hein and
Cotterill, 2006)

# The surface exposure of the Hartselle is less
than 1,230 km? (475 mi®) (Wilson, 1987).

ORIGIN OF HYDROCARBONS IN THE HARTSELLE SANDSTONE
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« The Hartselle Sandstone is richly
impregnated with bitumen and is porous
and permeable thus supporting a
conclusion that the bitumen migrated to its
present position (Wilson 1987),

» The probable source formations for this
bitumen in the Hartselle Sandstone are the
dark-colored shales of the Pride Mountain
and Floyd Shale Formations, which are
stratigraphically lower in the section
(Hooks, 2015).

» Many potential sources of bitumen
surrounding the Hartselle Sandstone,
migration of the petroleum seems more
likely than an in situ origin in this situation
[Hills et al, 2016).
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» For this study a number of rock cores will

provide fresh, ed for
analysis and testing, as well as information
on thickness, morphology, and physical

properties of the oil sands.

» In some cores, geophysical logs to measure
parameters such as porosity, rock densities,
and acoustic properties, will be collected.

Care Drilling site
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Hartselle Sandstone: (saturatied with bitumen)

[Medified from Fashin and Gastaldo, 2009)

Hartselle Sandstone: [saturatied with bitumen after heating)

Resistivity Tomography (ERT) technelogy for use in near

surface detailed mapping
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HISTORICAL PHOTOS OF OIL SANDS IN ALABAMA

PLATE 6 Prate 7

e A — Diamond drill testing in the Cherokee

e A — Cherokee Rock Asphalt Company, AL
Quarry.

Quarry face showing stratification of

asphaltic sandstone.
e B — Plant of the Cherokee Rock Asphalt

e B —View of the active Cherokee Quarry, Company on the Southern Railway at

showing stripping operation in progress.
The steam shovel is standing on the top of
the asphaltic strata.

Cherokee.
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e Margerum Quarry of the Alabama Rock
Asphalt Company. Showing the quarry face
and physical character of the deposit.

e Margerum Quarry of the Alabama Rock
Asphalt Company.

Pictured here are photos published in
Geological Survey of Alabama
Special Report 13 in 1925. By George
Clark.




OIL SANDS AROUND THE WORLD

e Natural bitumen is reported in 598 deposits
in 23 countries.

e World resources of bitumen are estimated

to be over 2.6 trillion barrels (Attanasi and
Meyer, 2010), compared with the
remaining conventional crude oil reserves
of 1.02 trillion barrels (e.g., Hein, 2006).
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as sources of synthetic crude oil, the
Athabasca, Peace River, and Cold Lake oil
sands areas, are in Alberta, and represent

Meyersetal, 2007, USGSOFR 2007-1084

CANADIAN OIL SANDS VS. ALABAMA OIL SANDS

COMPOSITION WATER WET AND OIL WET
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Q@& v-,‘é"b ¢ In water-wet formations a thin film of water
o The Hartselle Sandstone in Alabama is co% [ 814 | 831 e The sand grains of Canadian oil sands are coats the surface of the grains in the matrix.
orimarily a fine-grained, quartzose asi (7o loe composed of quartz with traces of mica, In oil-wet formations, oil adheres directly to
sandstone that is generally light colored rutile, zircon, tourmaline, titanium, nickel, the solids.
C/Hratio | 80 | 7.8 . . . .
except where impregnated with bitumen. iron, vanadium, and pyrite (e.g., Kaminsky

Ni% | 08 | 0.4 et al., 2008).
S% | 1.7 | 48

o Wettability determines the distribution of
the commingled fluids within reservoir

e Average composition of bitumen in
Alabama's oil sands of the Hartselle is:

0% | 25 | 2.1 e Alberta’s oil sands consist of approximately rocks and can directly affect oil recovery.

carbon, 81.4%, hydrogen, 10.2%, oxygen, 55-80 wt% sands (primarily quartz), 4-18
2.5%, nitrogen, 0.8%, sulfur, 1.7% (Wilson, wt% bitumen, 5-34 wt% fine solids, and 2- e Water-wet conditions are more favorable to
1987). 15 wt% water (Bichard, 1987; Kasperski, efficient oil production.

2001). (from Anderson, W.G. 1987)

e Changes in wettability have been shown to

e The composition of bitumen in Canada's oil alter recovery (e.g., Sparks et al., 2003;

sands is: carbon, 83.2%, hydrogen, 10.4%,
oxygen, 0.94%, nitrogen, 0.36%, sulfur,
4.8%, although individual deposits show
some variability (e.g., Starr et al., 1981).

Dehghan et al., 2009), with recovery
decreasing in oil-wet media.

e Techniques that are well established for the
water-wet oil sands in Alberta may not
provide good return on investment in the
oil-wet deposits of Alabama.

POPULATION DENSITY LAND USE

0 20 40 80 100 Kilometers|
1 0 Miles
. Temperate or sub-polar . Temperate or sub-polar
needleleaf forest shrubland
5 Tropical or sub-tropical Temperate or sub-polar
0 20 40 B0 100Kiometers I Sroccsest overmrenn B oo
0 1% !a ;E 40 g %Miles forest B wetiand
: : 5 Temperate or sub-polar
0 PopL:I;hcn Deraty p]egokm 1000 broadleaf deciduous [ Barren fand
— . B Ut anautap
. Mixed forest . Water
L Cropland Federal or State
Protected Lands
1] 50 100 200 Kilometers
Kiometers 0 nodata ) ™
050 100 150 200 250 " Federal Electoral ® Most of the area underlain by the 0 25 50 100 Miles
z 0 District .
il Te b- Sub-pol
e Athabasca has a population of less than 2 P oeinrtdingall g soriod o 00 e Land cover and usage across the area
Population Density per km2 eople per km?, while in the areas underlain Sub-polar taiga Sub-polar or polar i i
; " i - people p ) Pl W o e nies underlain by the Hartselle sandstone varies
B | by the Hartselle Sandstone (right) where Temperate or sub-polar gy Sub-polar or polar considerably, but is predominantly
surface extraction might be possible the x :_"-‘:f t B wetand cropland, whereas areas underlain by the
. . 1 ores’
population density ranges from 2 to more Topans o E RATRa . Athabasca are predominantly forested,
2 shrubland Urban and built-up
than 1,000 people per km?. [ Temeerate o subpolsr [ e grassland, and shrubland (USGS, 2012; CEC,
grassland
. Cropl Snow and ice 2013)
(from Hills et al., 2016) [ @ D




