Tracer and Element Breakthrough
A conservative fluorescent tracer was detected in wells within 28 days of injection. .
While no significant field wide changes in phosphorus were seen, small increases in the
Federal Rabbit 1 and Flynn 42-18 wells were observed in the second half of the
treatment period. Flynn 41-18 began to show greater nitrogen as ammonium ion after 8
months of treatment, significantly above the field average. Ammonium ion behaves as a
reactive cation tracer, so this should be the slowest ion to transit the reservoir. All other
elements remained in the reservoir and were available for biological use.
Early Treatment Period Biological Community
After 6 months of treatment, acetoclastic methanogens and the syntrophically
coupled fermenting heterotrophs became a larger sector of the biological community. Oil
solubilizing species, which were previously assumed to be the largest source of
dissolved organic carbon, diminished as a sector. The ratio between archaea and
eubacteria begins to shift from predominantly eubacteria to nearer to equal quantities.
This is interpreted as a growth of archaea, as total cell counts stayed approximately
equal to the pre-treatment community during this phase. Thus, carbon flux during this
period towards methane generation increased, likely using the acetoclastic pathway.
Although this pathway also produces carbon dioxide, no change in alkalinity was
observed due to the very high level of bicarbonate already present in reservoir water.
Late Treatment and Post-Treatment
After 9-12 months of treatment, hydrogenotrophic methanogens began increasing as
a major sector of the archaeal community. A corresponding increase in heterotrophs that
produce hydrogen as a metabolite is also seen, indicating a syntrophic relationship. The
Archaeal population stabilized at the approximately 1:1 ratio with bacteria, and total cell
counts stabilized at an average of 105 cells per mL fluid, 102 greater than pre-treatment
levels. With a dominant hydrogenotrophic methanogenesis pathway, carbon is being
reduced from carbon dioxide, indicating a more chemoautotrophic metaboliism for the
community. This may explain why oil molecule solubilizing species declined through the
treatment: without syntrophic partners or other fermenters available for energetic
coupling of metabolite consumption, the base metabolism of these species has become
less competitive with more efficient syntroph-methanogen relationships.
The changes in the community continued after the treatment concluded for at least 8
months, and did not revert to the pre-treatment community. This could indicate continued
presence of treatment elements reactively transporting through the reservoir, or a new,
stable community with increased favorability for hydrogenotrophic methanogenesis.

Molecular Biology and DNA Sequencing
DNA was recovered via a modified protocol based upon the Qiagen PowerWater DNA
isoloation kit (Qiagen 14900-100-NF). Quantitative PCR of the 16S rRNA gene was used
to determine prokaryotic populations and the ratio of archaea:bacteria.
A 311 basepair (bp) section of 16S gene including the V1 and V2 variable regions was
used as the fingerprinting region of the genome for bacterial community members.
Custom primers for this region were generated for bacterial member identification by 16S
metagenomic DNA sequencing.
A 145bp section of the 16S gene including the V5 region was used for quantification and
fingerprinting of archaeal community members.
DNA sequencing was performed using a modified version of the Illumina 16S
demonstrated protocol for the MiSeq platform (Illumina v3 MS-102-3003 and Nextera XT
Index Kit B FC-131-2002).

