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Objective(s) of the Research Project:New technology is needed to recover the rather
sizable amount of energy that is inherent in Okla@omestic oil reservoirs. A novel
approach to this problem is the bioconversion afrbgarbons entrained in marginally
producing fields to methane gas as a cleaner-bgieriergy source. Thus, this project is
designed to evaluate the utility of using an anlierbacterial consortium capable of
converting oil in petroliferous reservoirs to methand carbon dioxide. Our goal is to
evaluate the efficiency and rate of oil bioconvensio methane by a methanogenic oil-
degrading inoculum, identify the consortial membarsl delineate the tolerance of the
organisms to select ecological variables.

Progress Summary/ Accomplishments

In the previous reports, we presented data fromemaos experiments showing
that oil trapped in a sandstone core could be dmsformed to methane by an anaerobic
consortium. Members of the consortium were idediby a series of cloning and
sequencing exercises. These analyses revealesticdaguences affiliating with a variety
of fermentative, sulfate-reducing, and syntroplactbria as well as with
hydrogenotrophic and acetoclastic methanogens.oiadfthat the consortium could
biodegrade oil components to methane equally \wwetheé presence or absence of sulfate
as an alternate electron acceptor and in condibbnp to 2% salt, observations which
may have important implications for applicationtlod inoculum into reservoirs. During
this reporting period, we published a paper asalref this work in the journal Applied
and Environmental Microbiology (see Publicationkbg.

In addition to evaluating the prospects for enhdrergergy recovery via the
conversion of oil entrained in marginal field totmene, we have also investigated the
possibility for enhanced methane production fromleh Shale generally contains
kerogen, which can be defined as complex organttemiat is an immature precursor
for petroleum. In several shale deposits in tH&. Lbiogenic methane is thought to
evolve, and there is great need to understand hotv& phenomenon occurs so that such



activity may be stimulated for more energy recovdryour study, we acquired four
different shale samples and added our methanogérdegrading inoculum to determine
whether the organic matter in the shales coulddeel by the consortium. The shale
samples tested included (1) Woodford shale (Oklahai shale), (2) Caney shale
(Oklahoma; gas shale), (3) Barnett shale Barnethdtion (Texas; gas shale), and (4)
shale from the Villeta formation in Colombia (oilade). Methane formation was
monitored over time in the samples. No methanefarased in any of the sterile
incubations (not shown). Figure 1 shows that eobdtevels of methane were produced
when the consortium was incubated with shale nateziative to shale-free controls in 3
of the 4 shale samples tested. In the Caney stmaéded incubations (Figure 1C), the
presence of shale material inhibited methane pttazhycso the shale itself likely contains
elements toxic to kerogen/oil-utilizing cells oetmethanogens in the inoculum. These
factors remain unidentified, but indicate that albishale deposits will be amenable to
natural gas generation by microorganisms. Thetedlearly show, however, that the
majority of shale samples tested did contain satetrthat can be converted to methane
and that a hydrocarbon-degrading inoculum was reddor this to occur.
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Figure 1. Methane production from inoculated shale-containiogibations (closed
circles) relative to inoculated shale-free incutmasi (e.g., substrate-unamended; open
circles). Shales were sampled from (A) the Woadiformation (USA; oil shale), (B)

the Villeta formation (Columbia; oil shale) (C) Ganformation (USA; gas shale), and
(D) the Barnett formation (USA; gas shale). Errardorepresent one standard deviation
of the mean of triplicate incubations; where noreeseen, error bars are smaller that the
plotted symbols.
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Future activities: Ongoing work entails maintaining the oil-utilizimgltures and
carrying out substrate-utilization tests with thedulum to help pinpoint which members
are able to utilize different hydrocarbons and/etabolites (i.e. fatty acids) as carbon
and energy sources.
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