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(57) Abrégé/Abstract:
A method of microbial enhanced oil recovery for recovering oil from an oil- bearing rock formation is provided. The methodology
uses a consortium of bacteria including a mixture of surfactant producing bacteria and non- surfactant enzyme producing bacteria
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which may release hydrocarbons from bitumen containing sands. The described bioprocess can work with existing petroleum
recovery protocols. The consortium microorganisms are also useful for treatment of above oil sands, ground waste tailings,
subsurface oil recovery, and similar materials to enhance remediation and/or recovery of additional hydrocarbons from the

materials.
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(57) Abstract: A method of microbial enhanced oil recovery for recovering oil from an oil-bearing rock formation is provided.
& The methodology uses a consortium of bacteria including a mixture of surfactant producing bacteria and non- surfactant enzyme
producing bacteria which may release hydrocarbons from bitumen containing sands. The described bioprocess can work with ex-
isting petroleum recovery protocols. The consortium microorganisms are also useful for treatment of above oil sands, ground waste
tailings, subsurface oil recovery, and similar materials to enhance remediation and/or recovery of additional hydrocarbons from the

materials.
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BIOLOGICAL ENHANCEMENT OF HYDROCARBON EXTRACTION

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT

This invention was made with Government support under Contract No.
DE-AC0996-SR 18500 awarded by the United States Department of Energy.
The Government has certain'rights in the invention,

RELATED APPLICATIONS
This application is a Continuation-in-Part of U.S. application serial
number 11/888,463, filed on August 1, 2007,

FIELD OF THE INVENTION
The present invention relates to a method of microbial enhanced
hydrocarbon extraction, processing, and recovery. The present invention
further relates to a process of degrading hydrocarbons, process byproducts,
and hydrocarbon waste associated with oil fields and petroleum extraction
facilities,

BACKGROUND OF THE INVENTION

Qil which may be present in subterranean rock formations can
generally be removed by drilling and allowing pressure within the oil field to
force the oil up to the borehole. When the existing over pressure diminishes,
an artificial oil pressure can be accomplished by injecting water into the
formation to flush out additional free oil in a process known as secondary
removal.

Qil present in tar sands can generally be removed by agitation, heat,
and mixing in a process to remove the oil by floatation. Skimming can be
used to remove additional oil in aqueous runoff from this process. 1tis known
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that tailings from these treated tar sands can still contain a high percentage of
hydrocarbons.

For many types of soils, following secondary removal a great deal of
oil remains, For certain geological materials, oil remaining after secondary
removal may easily exceed 50% of the volume of removed oil. The remaining
oil-bearing geological formation contains a substantial amount of oil within its
pores or channels,

A portion of this residual oil can be displaced by microorganisms
using microbial enhanced oil recovery (MEOR) in which the metabolism of
the microorganisms causes displacement of the oil that may subsequently be
recovered by the production wells.

In U.S, Pat. No. 4,622,261, it is disclosed to use surfactant producing
Bacillus licheniformis which is useful for solubilizing oil. These surfactants
may be used by direct injection into the reservoir in order to avoid plugging
difficulties. However, it is also known that microbes can be injected into
production wells to increase the yield of recovered oil.

U.S. Pat. No. 4,905,761 describes a microbial enhanced oil recovery
process in which microorganisms are introduced by injection wells along with
a nutrient solution for obtaining additional oil from oil-bearing reservoirs. The
process includes using a first species of a microorganism to secrete a
surfactant, a second species of microorganism that secretes a solvent which,
in combination, provides for displacement of oil such that additional cil may
be recovered from the well.

It is also known in the art to use various nutrients such as vitamins,
phosphates, and various electron donors so as to stimulate native bacteria or
to introduce bacteria 0 as to create a sufficient biomass layer which acts to
disassociate the oil from the rock/soil formation thereby permitting the
disassociated oil to be collected. One such process is described in U.S. Pat.
No. 6,758,270.

The waste hydrocarbons from the existing processes are of major
environmental concern, Tailings and oil bearing runoffs from these inefficient
oil recovery processes can potentially contaminate nascent surface water,
groundwater, sediments, and soil for years, In addition other chemicals, such
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as paraffins, are frequently added to the tars sands to enhance hydrocarbon
removal. While aeration is used to remove some of these paraffins, residual
paraffins remain and contaminate the water runoff. Paraffins are thus a
growing regulatory concern.

It is also known in the art that hydrocarbon extraction can involve the
mining of tar sands as part of an above-ground recovery process. The tar
sands, even after conventional processing and treatment, contain a high
percentage of hydrocarbons which are not readily extractable. The waste
product from a tar sands recovery process still has a high percentage of
hydrocarbons which cannot be readily separated using conventional
technologies. Further, it is also known that hydrocarbon recovery from tar
sands and similar processes will result in bitumen froth tailings which also
have a high level of hydrocarbons that pose environmental hazards. There |
remains a need for an ability to both enhance recovery of viable product from
such waste tailings as well as degrading any remaining unrecoverable
hydrocarbon content so as to prevent environmental contamination from the
tailings and hydrocarbon recovery waste.

While there is a great deal of teaching directed to use of
midroorganisms to enhance petroleum recovery, there remains room for

improvement and variation within the art.

SUMMARY OF THE INVENTION

It is one aspect of at least one of the present embodiments to provide a
method of microbial enhanced oil recovery.

It is yet another aspect of at least one of the present embodiments of
the invention to provide a method for recovery of a useful oil fraction from
either an above ground or below ground treatment of tar sands, oil-bearing
rocks, oil-containing sand feeds, and other oil-containing slurries.

It is yet another aspect of at least one of the present embodiments of
the invention to provide for a microbial enhanced oil recovery in which the
microorganisms are tolerant of temperatures up to about 65° C and may be
introduced into an above ground or below ground oil-containing rock substrate
by the use of heated water or low temperature steam.
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It is yet another aspect of at least one embodiment of the present
invention to provide for a consortium of microorganisms comprising at least
one surfactant producing organism, the plurality of organisms having an ability
to metabolize oil within an oil-bearing rock formation.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method for recovering oil from an oil-bearing
reservoir, the reservoir having at least one injection well and at least one
production well, the method comprising the steps of: introducing into the
injection well of the reservoir, a microbial consortium selected from
substantially pure cultures of microorganisms which are selected from the
group consisting of ATCC Nos. PTA-5570 through PTA-5581 and a nutrient
composition which comprises an aqueous solution of nutrients capable of
supporting growth of the microorganisms of the formulation, the injected
microorganisms capable of growth in the reservoir, at temperature ranges
from about 20° C to about 65° C; maintaining the microbial consortium within
the injection well for an amount of time sufficient for the microbial consortium
to colonize within the reservoir; and following the step of maintaining the
organisms, injecting a fluid into the injection well to drive a displaced oil to the
production well.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein said step of introducing a microbial
consortium further comprises introducing a consortium which comprises
selecting a surfactant producing microorganism from the group consisting of
ATCC Nos. PTA-5570 through PTA-5581 and combinations thereof.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein trace nutrients are injected prior to
the injection of the cultures of microorganisms. Since these nutrients are
trace in nature (ie minerals) they are not introduced volumetrically in the
treatment process.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein a microbial consortium can be
added to remove residual paraffins in the downstream process of the tar sand
processing. The treatment of paraffin within the sand tailings may be
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accomplished during the aeration step that is traditionally used to partially
remove the paraffin component.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein a microbial consortium can be used
to upgrade the hydrocarbons after separation from the tars sands. Upgrading
the hydrocarbons involves a stepwise treatment controlling the microbial
enzyme activity to open ring structures of the separated PAHS to reduce
processing costs.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method of microbial enhanced oil recovery for
recovering oil from an oil-bearing rock formation, the formation including one
inlet, the method comprising injecting water containing a mixture of bacteria
selected from the group consisting of ATCC No. PTA-5570 through ATCC No.
PTA-5581; allowing the microorganisms to colonize within the oil-bearing rock
formation using the oil as a main carbon source, thereby establishing a
biomass layer which acts to disassociate the oil from the rock formation; and
removing the disassociated oil via either one of the inlet or a separate outlet.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein the microorganisms are introduced
simultaneously with a nutrient mixture.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein at least one of the microorganisms
produces a surfactant which acts to dislodge oil from the oil-bearing rock
formations.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein at least one of the microorganisms
produces a surfactant which acts to separate oil from tar sands.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method wherein at least one of the microorganisms
produces at least one of a surfactant or an enzyme which acts to separate oil
from oil-bearing rock formations including tar sands.

It is yet another aspect of at least one embodiment of the present
invention to provide a method wherein at least one bacteria selected from the
group consisting of ATCC No. PTA-5570 through ATCC No. PTA-5581 is
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introduced into a below ground oil producing field and allowing the at least
one bacteria to upgrade the hydrocarbons to a lighter hydrocarbon structure,
the lighter hydrocarbon structure being of a chemical species which is easier
to convert into a fuel oil, and optionally altering the environmental conditions
of the at least one bacteria to substantially halt an upgrading process
following a desired interval of upgrading treatment.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method of reacting a supply of oil bearing rock
formation with at least one bacterial selected from the group consisting of
ATCC No. PTA-5570 through ATCC No. PTA-5581 and allowing the at least
one bacteria to upgrade hydrocarbons present within the oil bearing rock
formation to a lighter molecular weight hydrocarbon, the lighter molecular
weight hydrocarbon having characteristics which facilitate its processing into
an end fuel oil such as gasoline, diesel, or other petroleum-based fuel.

It is yet another aspect of at least one embodiment of the present
invention to provide for a method of mixing the microbial consortia with
oilsands wastewater and or runoff from tailings ponds and allowing the
bacteria to react with suspend solids including clays and residual
hydrocarbons allowing settling and water clarification. This action improves
water quality and minimizes the environmental impact.

These and other features, aspects, and advantages of the present
invention will become better understood with reference to the following
description and appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A fully enabling disclosure of the present invention, including the best
mode thereof to one of ordinary skill in the art, is set forth more particularly in
the remainder of the specification, including reference to the accompanying
drawings.

Figure 1 is a schematic section showing a method according to the
present invention for obtaining oil from an oil-bearing formation.

Figure 2 is a schematic view showing a process of above-ground
treatment of oil-bearing sands according to an aspect of the present invention.
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Figure 3 is a chart setting forth comparisons of improvements in oil
separation from sands following incubation with the microorganisms disclosed
herein.

Figures 4A and 4 B are graphs depicting metabolic activity of useful
microorganisms using petroleum within an oil sand as a hydrocarbon source
at temperatures of 65° C and 30° C respectively.

Figure 5 is a schematic view showing a process of an above ground
treatment of oil-bearing tar sands in an alternative embodiment of the
invention.

Figures 6 and 7 are graphs depicting metabolic activity of the indicated

microorganisms in cometabolic studies.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to the embodiments of the
invention, one or more examples of which are set forth below. Each example
is provided by way of explanation of the invention, not limitation of the
invention. In fact, it will be-apparent to those skilled in the art that various
modifications and variations can be made in the present invention without
departing from the scope or spirit of the invention. For instance, features
illustrated or described as part of one embodiment can be used on another
embodiment to yield a still further embodiment. Thus, it is intended that the
present invention cover such maodifications and variations as come within the
scope of the appended claims and their equivalents. Other objects, features,
and aspects of the present invention are disclosed in the following detailed
description. It is to be understood by one of ordinary skill in the art that the
present discussion is a description of exemplary embodiments only and is not
intended as limiting the broader aspects of the present invention, which
broader aspects are embodied in the exemplary constructions.

In describing the various figures herein, the same reference numbers
are used throughout to describe the same material, apparatus, or process
pathway. To avoid redundancy, detailed descriptions of much of the
apparatus once described in relation to a figure is not repeated in the
descriptions of subsequent figures, although such apparatus or process is
labeled with the same reference numbers.
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Figure 1 shows an oil well having an injection well 10, Within the
various core strata 12, there is an oil-bearing formation 14 and which is
positioned above underlying bedrock 16.

An extraction well (borehole) 18 and the injection well 10 extend into
the formation 14. Formation 14 may be in the form of numerous types of oil-
bearing substrates including consolidated sandstone. In addition, formation
14 may also have present injection water associated with secondary removal
activities.

Other typical oil-bearing formations may include any number of oil-
containing reservoir rocks including crude oil remaining in an oil-bearing
formation following exhaustive water flooding or the use of brine or saline
solutions.

Bacteria useful in the microbial assisted oil recovery processes have
been deposited with the American Type Culture Callection (ATCC) in
Rockyville, Maryland on October 8, 2003, and have the indicated ATCC
designation numbers as set forth for isolates 1 through 12 in Table 1.

Isolate ldentification ATCC Accession
Number
1) CZOR-L1B (KN-1} ALCALIGENES-PIECHAUDII SRS PTA-5580
2) BP-20 (KN-2) RALSTONIA PICKETTIl SRS. PTA-B579
3) CZOR-L1Bsm (KN-3) PSEUDOMONAS-PUTIDA BIOTYPE B SRS PTA-5581
4) BPB FLEXIBACTER CF. SANCTI 8RS PTA-5570
5) BRC PSEUDOMONAS FREDRIKSBERGENSIS SRS PTA-8571
6) BPE STAPHYLOCOCCUS WARNERI. LMG 19417 SRS PTA-5672
7) BPF SPHINGOMONAS SRS PTA-5573
8) BPH SPHINGOMONAS SP, S37 SRS PTA-5574
9) BPI PHYLOBACTERIUM SRS PTA-5575
{c PROTEOBACTERIUM TA-AT)
10) BRJ SERRATIA FICARIA SRS PTA-5576
(x PROTEOBACTERIUM TA12-21)
11) BPK AGROBACTERIUM TUMEFACIENS SRS PTA-5577
12) BPL RHIZOBIUM SP. SDW045 SRS PTA-5578
Table 1.

Isolate identification.

Details on the isolates identified with ATCC accession numbers PTA-
5570 through PTA-5581 are described in detail in U.S. Patent Application No.
10/712, 491, filed on November 13, 2003.



10

15

20

25

30

CA 02695273 2010-02-01

WO 2009/017810 9 PCT/US2008/009289

The above identified isolates are useful in oil-recovery from rock
formations and tar sands. Unless indicated otherwise, all examples set forth
below make use of an aggregate consortium of all 12 isolates referenced
above in Table 1. Certain of the isolates produce biosurfactants which help
with the release and mobilization of the oil. Additionally, all of the isolates
have the ability to bind and metabolize oil under aerobic conditions. The
activity of the microorganisms is sufficiently robust that minimal
supplementation by way of vitamins, electron donors, and other additives is
kept to a minimum. According to this invention, it has been found that by
regulating the supply of available oxygen, the amount of activity of the
microorganisms can be controlled.

Given the ability of the microorganisms to use the oil substrate as a
carbon source, problems associated with the plugging of an oil field by
excessive growth of microorganisms that feed on supplemental carbon
sources and have been used in prior art efforts to recover oil from rock
formations are believed to be minimized.

Example 1

An oil/water/sediment separation flotation test commonly used within
the petroleum industry was used to compare hot water extraction of oil sands
with and without the prior incubation of a microbial consortium. In comparison
to uninoculated controls, samples of oil sand deposits treated with
microorganisms demonstrated a 50% improvement in separation efficiency
following a four hour treatment and a seven fold increase following a 24 hour
incubation time. As seen in reference to Figure 3, the amount of petroleum -
residue remaining in association with the sand decreases while the recovered
oil product (“Froth”) as measured by the amount of bitumen (grams) recovery
increases.

Example 2

Separation efficiency of hydrocarbons from bituminous oil sands
(Canadian Athabasca tar sands) was also demonstrated by comparing
hydrocarbon separation in flasks containing oil sands. Control flasks had no
amendments except growth media added while experimental flasks had the
BioTiger™ microorganisms in media introduced to the flask. To inoculate the

tar sands 108 cells BioTiger™ from a growing culture were needed per gram
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of tar sands for 24 hours. Constant agitation was performed on both flasks for
the entire 24 hrs.  Following a treatment interval of 24 hours, visual
evidence established that hydrocarbons were being separated from the sand
substrate in the BioTiger® containing flask. These types of flask conditions
mimic below ground conditions where flooded oil fields from a secondary
removal process can be treated with the BioTiger™ consortium to bring about
additional release of oil from the substrate. The agitation and flushing action
of injected steam and/or water can be used to recover the released oil from a
below ground rock formation. One advantage of the consortium of
microorganisms used herein is that the organisms have demonstréted
resistance to elevated temperatures such that use of injected steam and/or
heated water does not destroy the efficacy of the organisms. Currently, tar
sand sites do not use conventional MEOR organisms due in part to
inactivation of the organisms by temperatures above 40° C. In addition,
conventional microorganisms used for below ground extraction require higher
levels of expensive nutrients for growth at tar sand sites which makes the
process uneconomical.
Example 3

As set forth in Figures 4A & 4B, the BioTiger™ microorganisms
demonstrate metabolic activity when introduced into the oil sands. As seen
from the evolved CO, gases from inoculated samples, metabolic activity
reflects active growth and metabolism of the BioTiger™ organisms. Light
microscopy studies verify that the BioTiger™ organisms attached to the oil
sands. While not wishing to be limited by theory, conventional thinking within
petroleum recovery efforts using microorganisms.suggest that the ability of
the organisms to attach to the substrate is important in the subsequent
release of oil from the formations using the combination of naturally produced
surfactants as well as dislodging of oil particles created by the physical growth
and colonization of the substrate by the microorganisms. The data set forth in
Figures 4A and 4B demonstrates that the organisms are able to metabolize
the oil present in the oil sands. Treatment conditions were at 65° C and 30° C
without any nutrient amendments to the samples. The ability of the
microorganisms to degrade and metabolize existing hydrocarbons allows
more complex fractions of hydrocarbons to be broken down into lower weight,
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more desirable compounds. In addition, the minimal need to supplement the
microorganisms with additional nutrients is believed to reduce the biofouling
or plugging of injection sites that may otherwise occur. The sole carbon
source used by the BioTiger™ organisms can be the hydrocarbons found
within the substrate.

Example 4

As set forth in Figures 6 and 7, metabolic activity of isolate PTA-5574
and the entire consortium of microorganisms (Figure 7) were evaluated for co-
metabolism with respect to the chemical constituents of acetone (ACE), linear
alkanes such as found in gasoline (nAlk), phenanthrene (PHE), and pyrene
(PY). Evaluations were done on a 96 well microtiter plate in which the
microtiter plates contained 5 millimolar of the indicated chemical substrate
followed by the indicated microorganism and or consortium of organisms at a
5% volume introduction. The introduced microorganisms were supported by a
1% yeast extract growth medium. As indicated, the microorganisms were
able to co-metabolize the chemical species as set forth in Figures 6 and 7, as
evaluated through optical density measurements of the growth medium.

While not separately set forth, similar co-metabolism studies of diesel
fuel resulted in a variable growth lag time in the various microorganisms.
Similar co-metabolic activities were observed through a time lag interval of up
to 40 hours was noted before significant co-metabolism occurred for some
chemical species.

As indicated by the data set forth in Figures 6 and 7, the
microorganisms set forth herein demonstrate an ability to upgrade a heavy
hydrocarbon such as pyrene to a lighter hydrocarbon such as phenanthrene.
This biotic transformation from pyrene to phenanthrene is useful in that the
microorganisms can bring about a metabolic upgrade of oil quality that would
otherwise require energy intensive petroleum cracking techniques in a
refinery. It is envisioned that the microorganisms identified herewith can be
used in both below ground treatments as well as above ground treatments of
oil containing rocks, sand, and other substrates to chemically modify a heavier
hydrocarbon component to a lighter, more desirable hydrocarbon component.

The degree of hydrocarbon upgrading can be controlled by regulating
the supply of nutrients, temperature, oxygenation, mixing, or other
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environmental conditions necessary for the growth of the microorganisms. In
this manner, a desired degree of treatment or upgrading of the target
hydrocarbons can be achieved without excessive metabolism or degradation
of the source hydrocarbons.

The studies also indicate that using abiotic processes, the
phenanthrene will undergo a transformation to dibenzothithene. Studies to
date indicate that this is an abiotic process and is not directly carried out by
the microorganisms described herein.

Example 5

Metabolic activity of the entire consortium of microorganisms was
evaluated for the ability to reduce suspended solids in oilsands/water
mixtures. Evaluations were done in 250 ml flasks in which the flask contained
25 grams of the oil sands followed by the addition of the consortium of
organisms at a 5% volume introduction. The introduced microorganisms were
supported entirely by the nutrients in the oil sands as the sole carbon and
energy source along with some phosphate. After one week the
microorganisms were able to settle out most suspended solids (as evaluated
by visual observation as compared to controls with no microorganisms).

For a more rapid response, it is believed that the BioTiger™
microorganisms may be primed with the target matrix hydrocarbons, i.e.,
subsurface hydrocarbons, prior to application in a below ground injection or
above ground treatment of tailings, oil sands, or other waste material. Itis
also believed that the BioTiger™ organisms are applicable to a variety of
subsurface strata for oil and hydrocarbon recovery. Such strata may include
clays, rocks, sand, ground water, sediments, and shale when used with either
existing or new wells.

Further, the microorganisms are effective for oil/hydrocarbon recovery
at temperatures ranging from about 20° C to about 65° C. The lower
temperature range is beneficial for reducing energy costs. In addition, the
ability to tolerate temperatures in excess of 40° C is an improvement over
other microbial assisted protocols such that the population of introduced
microorganisms is not depleted by elevated temperatures needed to introduce

microorganisms or remove the dislodged oil.
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It is believed that the consortium of microorganisms offer a unique ability to
metabolize bituminous oil sands and which also exhibit useful metabolic activity
under the temperature ranges set forth herein. it is well known that oil sand
hydrocarbons have a tar-like polyaromatic hydrocarbon 5 compaosition which
makes separation of oil and other hydrocarbons difficult. The present
consortiums of microorganism are able to -bring about a rapid and high yield
separation of the hydrocarbons from the substrate. it is believed that equally
effective separation from less problematic hydrocarbons such as those located
in rocks, shale, ¢lay, sediments, gravel, and other strata would also result from
treatment with the microorganisms. Optimizing this process would lead to
increased petroleum recovery from tar sands. As aerobic bacteria, the
metabolic activity of the organisms in a separated oil product can be controlled
simply by lowering the temperature and/or eliminating available oxygen. As has
been demonstrated with other microorganisms and is known in the art, the
microorganisms may be recycled from process water or recovered oil for
renewed application.

An additional use for the BioTiger™ microorganisms may be found in
reference to soil washing processes associated with environmental ¢cleanup or
treatment of hydrocarbon-containing tailings. As set forth in U.S. Pat. No,
6,074,558 entitled, "Biochemical Treatment of Bitumen Froth Tailings”, assigned
to BHP Minerals International, Inc., the use of native tar sand hydracarbon
metabolizing microorganisms is disclosed which are used to freat process
tailings which are comprised of a sludge of clay, fine sand, water, and bitumen.
While the teachings in the '558 patent utilize native bacteria present within the
tar sands, it is believed that use of the present microorganism consortium
reported herein will offer enhanced recovery and separation of hydrocarbons
while producing a reduced volume of waste material. The process described
above is also believed effective in treating paraffin additives that may have
been infroduced to increase the efficiency of the hydrocarbon recovery,

Observations to date indicate that the consortium of microorganisms
reduce paraffins having additional side chains or aromatic groups attached. It
appears that the paraffins are completely degraded since the paraffins do not
accumulate as a result of the metabolic degradation of the more complex

NOCRTOR: B185470\1
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paraffin containing compounds. Based upon inventor observations, the
consortium of microorganisms preferentially degrade fuel components in the
following order: naphthalene arid methyl-apthalenes, light n-alkanes (paraffins),
and then progressively heavier n-alkanes. By reducing the paraffin content within
the waste material, contamination caused by water runoff from the waste material
can be significantly reduced.

The microorganism consortium is believed amenable to tar sands
conditioning and mining because of the biological surfactants and enzymes
which are produced and which allow the bitumen contained within the tar sands
to be more efficiently separated from the clay and sand solids. One use of the
consortium suspension involves direct injection into a tar sands deposit including
a partially depleted or non-depleted oil reservoir. The subsequent growth and
colonization by the micraorganisms renders the tar sands more amenable to
processing including recovery by an injection/extraction well or by mining the
treated tar sands by substantially separating the bitumen from the sands and
clays contained therein.

The consortium of microorganisms is also useful in an above ground tar
sands processing step such as that disclosed in the '358 patent and as seen in
Figure 2. In this way, the tar sand failings produced as a by product of bitumen
froth generation do not contain disbursed clays that would hinder the settling of
solids in a tar sands tailing impoundment. Furthermore, use of the microorganism
consortium with tar sands prior to subsequent processing results in lower
bitumen losses to tails and higher levels of bitumen froth production.

U.S. Pat. No. 5, 968,349 entitled, "Extraction of Bitumen From Bitumen
Froth and Biotreatment of Bitumen Froth Tailings Generated From Tar Sands",
also describes a process which uses native microorganisms in an extraction and
recovery process to produce a bitumen product substantially free of water, solids,
precipitated asphaltenes, and bitumen froth tailings. A similar process making
use of the consortium of microorganisms described herein in place of or in
addition to the indigenous microorganisms is believed to be advantageous. The
consortium of microorganisms is believed to have a broader temperature range
of activity, has demonstrated efficacy in production of surfactants which
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bring about desirable separation of aromatic hydrocarbons, and can use the
hydrocarbon source as the sole carbon source for metabolism.

As seen in reference to Figure 5, there is a schematic pathway that
may be used for a variety of above ground treatment processes of tar sands
as well as various waste products and waste streams associated with a
petroleum recovery process. As seen in the schematic figure, a bioreactor
may be used to house a desired mixture of the consortium of microorganisms
previously described. As seen from Figure 5, the consortium of
microorganisms may be introduced at numerous levels into the various
process pathways including use of condition slurries into primary separation
cells in flotation tanks, in the treatment of flotation tailings, froth treatment,
secondary tailings, and treatment of tailings pond substrates as well as
recycling of water from tailings pond. As indicated, the microorganisms can
be introduced at multiple locations within a process treatment. In addition, it.is
envisioned that once introduced into the process pathway, the treatment
process can be enhanced such that a portion of the introduced
microorganisms can be partitioned in various separation zones such that the
previously introduced microorganisms cycle through the desired process flow
from process step to process step. In this way, the efficiency of the overali
process is enhanced. In addition, to the extent the microorganisms have
acclimated to the hydrocarbon constituents within the process stream, it is
believed desirable to maintain those acclimated organisms in subsequent
process steps. '

However, where needed or where beneficial, additional
microorganisms from the bioreactor may be introduced to further facilitate the
process.

It is also known within the processing of tar sands to add paraffins to
the tar sand mixture so as to enhance hydrocarbon removal. During the
subsequent processing of tar sands, an aeration process is used which
partially removes paraffins. However, a significant component of paraffins
remains in the tar sand tailings. These tailings are known to release paraffin
to water runoff which is of growing environmental concern. The paraffin
hydrocarbon is a type of hydrocarbon which is believed degradable by use of
the microbial consortium. Accordingly, it is believed that the microbial
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consortium, added to conventional waste tailings and treatment of tar sand
process streams can be effective in substantially removing the added paraffin
from the tar sand residues. _

Injection wells and other hydrocarbon recovery techniques will often
generate a mixture of water and hydrocarbons which requires separation.
Frequently, there is a need to recycle the recovered water for use in additional
process steps. To the extent the microbial consortium is present in the
recovered water, the separated water containing consortium can be again
injected back into the well. Conventional oil/water separation processes are
sufficiently mild that the microorganisms remain viable following the water
recovery process. The recovered water may either be used directly or may
have additional microorganisms and/or nutrients introduced thereto prior to
reinjection into the well.

To the extent recovered water is not to be reused and is to be
introduced into an above ground reservoir or otherwise discharged, the
microbial consortium present within the waste water can be used to further
“polish” or treat the recovered water to additionally degrade the remaining
hydrocarbon content.

A further use of the consortium of microorganisms in a hydrocarbon
recovery process involves the ability of the microorganisms to reduce
aromatic bonds of various hydrocarbon fractions. In addition, it is believed the
microorganisms described herein can also reduce sulfur, nitrogen, and
phosphorus bonds present within the hydrocarbons. The ability to reduce
aromatic bonds and to react with other constituents in the oil mixture
enhances the quality of the recovered product in terms of both subsequent
downstream processing as well as facilitating transport of the recovered
product through pipelines. The ability to reduce (open up) the aromatic bonds
provides for a less viscous product that flows more easily and requires less
energy for movement through a pipeline system.

Accordingly, it is believed that the demonstrated features of consortium
of microorganisms render themselves useful for treatment and recovery of
hydrocarbons from below ground rock formations as well as above ground
treatment of waste tailings or mined tar sands. Such uses achieve a higher
yield of useful hydrocarbons while minimizing the production of waste
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materials. The above processes do not require the use of hazardous
solvents, but rely upon the combination of naturally produced biosurfactants
along with the beneficial effects achieved through colonization of an oil-
bearing substrate by the consortium of microorganisms. Control of the
consortium activity in the subsurface by oxygenation, nutrient addition,
temperature (i.e., warm water) and mixing can be done for optimization of any
treatable substrate. The ability to vary the oxygen contént, nutrient content,
treatment temperature, and mixing levels can be accomplished without undue
experimentation and are well within the skill of one having ordinary skill in the
art.

Accordingly, it is believed that the demonstrated features of consortium
of microarganisms render themselves useful for treatment of suspended
solids in wastewater and runoff form tailings ponds tar. Much of the
suspended solids are clay particles that can be of environmental concern for
water quality issues. Such uses include applications for higher wastewater or
runoff quality that can minimizing the environmental impact. The above
processes do not require the use of hazardous chemicals (e.g. precipitating
agents), but rely upon the combination of naturally produced biosurfactants
along with the growth characteristics of the consortium of microorganisms,
Control of the consortium activity in water treatment by oxygenation,
temperature (i.e., warm water) and mixing can be done for optimization of any
water treatment system. The ability to control biological water treatment can
be accomplished without undue experimentation and are well within the skill
of one having ordinary skill in the art.

Although preferred embodiments of the invention have been described
using specific terms, devices, and methods, such description is for illustrative
purposes oaly.
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THAT WHICH IS CLAIMED:

1. A method of recovering hydrocarbons from a below grade substrate comprising the

steps of:

supplying a hydrocarbon containing substrate selected from at least one of an oil bearing
rock formation, oil sands and tar sands;

introducing into said hydrocarbon containing substrate at least one bacteria selected
from the group consisting of ATCC Nos: PTA-5570, PTA-5571, PTA-5572, PTA-5573, PTA-
5574, PTA-5575, PTA-5576, PTA-5577, PTA-5578, PTA-5579, PTA-5580 and PTA-5581 and
combinations thereof; and,

allowing said at least one bacteria to grow in association with said hydrocarbon
containing substrate until a desired level of hydrocarbon treatment occurs.

2. The method according to claim 1 further comprising injecting a consortium which
comprises sa surfactant producing microorganism from the group consisting of ATCC Nos:
PTA-5570, PTA-5571, PTA-5572, PTA-5573, PTA-5574, PTA-5575, PTA-5576, PTA-5577,
PTA-5578, PTA-5579, PTA-5580 and PTA-5581 and combinations thereof.

3. The method according to claim 1 wherein nutrients are injected prior to the injection of
said at least one bacteria.

4, A method of microbial enhanced oil recovery for recovering oil from an oil-bearing rock
formation, the formation including one inlet, the method comprising injecting water containing a
mixture of bacteria selected from the group consisting of ATCC Nos: PTA-5570, PTA-5571,
PTA-5572, PTA-5573, PTA-5574, PTA-5575, PTA-5576, PTA-5577, PTA-5578, PTA-5579,
PTA-5580 and PTA-5581 ;

allowing said microorganisms to colonize within said oil-bearing rock formation using
said oil as a main carbon source, thereby establishing a biomass layer which acts to
disassociate said oil from said rock formation; and,

removing the disassociated oil via either one of said inlet or a separate outlet.

5. The method according to claim 4 wherein the mixture of bacteria is introduced
simultaneously with a nutrient mixture.

6. The method according to claim 4 wherein at least one of said bacteria produces a
surfactant which acts to dislodge oil from an oil-bearing rock formation or oil sand.

7. The method according to claim 4 wherein at least one of said bacteria produces an

enzyme and said enzymatic activity acts to dislodge oil from said oil-bearing substrate.
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A method for recovering oil from at least one of an above ground waste tailings material
or oil sands comprising the steps of:

introducing into a hydrocarbon substrate a microbial consortium selected from pure
cultures of microorganisms which are selected from the group consisting of ATCC Nos: PTA-
5570, PTA-5571, PTA-5572, PTA-5573, PTA-5574, PTA-5575, PTA-5576, PTA-5577, PTA-
5578, PTA-5579, PTA-5580 and PTA-5581 and a nutrient composition which comprises an
aqueous solution of nutrients capable of supporting growth of said microorganisms, said
microorganisms capable of growth on said hydrocarbon substrate at a temperature range from
20°C to 65°C;

maintaining said microbial consortium within said hydrocarbon substrate for an amount
of time sufficient for said microbial consortium to colonize and metabolize hydrocarbons within
said substrate; and,

separating a non-hydrocarbon containing substrate from said hydrocarbon substrate,
thereby providing at least one of a reduced volume of hydrocarbon contaminated waste or a
separated fraction of hydrocarbon.

The method according to claim 1 wherein at least one of said bacteria produces an
enzyme and said enzymatic activity acts to dislodge oil from oil-bearing rock formations within
said injection well.

The method according to claim 8 wherein said waste tailings or said oil sands further
comprises a paraffin material.

The method according to claim 4 wherein said injected water further comprises a
recycled water containing a viable mixture of said bacteria which were recovered from said
removed disassociated oil.

A method for recovering oil from an oil-bearing reservoir, said reservoir having at least
one injection well and at least one production well, said method comprising the steps of:

introducing into said injection well of said reservoir, a microbial consortium selected from
pure cultures of microorganisms which are selected from the group consisting of ATCC Nos:
PTA-5570, PTA-5571, PTA-5572, PTA-5573, PTA-5574, PTA-5575, PTA-5576, PTA-5577,
PTA-5578, PTA-5579, PTA-5580 and PTA-5581 and a nutrient composition which comprises an
aqueous solution of nutrients capable of supporting growth of said microorganisms of said
formulation, said injected microorganisms capable of growth in said reservoir, at temperature
ranges from 20° Cto 65°C;

maintaining said microbial consortium within said injection well for an amount of time

sufficient for said microbial consortium to colonize within said reservoir; and,
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following said step of maintaining said microbial consortium, injecting a fluid into said

injection well to drive displaced oil to the production well.

13. A method according to claim 4 wherein said injecting water is at a temperature of 20° to
65°C.
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