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INTRODUCTION

Hydrogen sulfide (H2S) is a major problem in up-stream and down-stream oil and gas production.
Sulfate reducing bacteria (SRB's) are identified as a major source of H2S and corrosive acids that
precipitate iron sulfide plugging. H2S is also a major environmental concern. Additionally, its presence in
oil reservoirs increases production costs and reduces the sales value of oil and gas. Moreover, it limits
the use of available MEOR technologies. Among the SRB mitigation methods in use, competitive
exclusion emerges as the most efficient method that is compatible with MEOR. Fast growing MEOR
organisms injected into the reservoir simply out compete the SRB population disrupting their
metabolism and inhibiting growth. Because SRB and MEOR microbes both depend on access to certain
essential primary and secondary metabolites, a dual role of microbial enhanced oil recovery and SRB
mitigation is conceivably possible.

Grobla, a mature oil field in southern Poland was selected for field trials because of its similarity to earlier
lab and field work performed by INiG and RAM Bio for the Plawowice oilfield MEOR project.[1] Grobla
and Plawowice produce from the North Central Carpathian Foredeep. Hydrocarbons are accumulated
in structural stratigraphic traps of Oxfordian carbonates sealed by marley Senonian-Turonian deposits
and the pinching out of Cenomanian sandstones. The Grobla field produces light crude oil 38.36 - 42.97
°API gravity. Oil production is in decline. Produced brine is now being re-injected in a waterflood
configuration. H2S in gas extracted from Grobla measured 43g/m°. Sulfide in formation waters
measured 300 to 350 mg/dm’. This creates challenges to MEOR treatment. A toxic environment can
inhibit growth of MEOR organisms and diminish production of bio-products needed to increase recovery
factors (RF). Consequently, an investigation was undertaken to evaluate MEOR growth at Grobla sulfide
levels, and make rheological measurements to determine the Enhanced Oil Recovery Index.
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Fig.1. Grobla Oilfield vicinity map
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A novel, but simple closed system using plastic
syringes in anaerobic bags was developed to
incubate oil and brine with the microbial materials.
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Fig.3. Scheme of laboratory incubation tests
(MS - microbial system, MSN - microbial system nutrient,

MSI - microbial system inoculum, N - nitrogen, Mo -molybdate)
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RESULTS AND DISCUSSION

Initial experiments were designed to test the hypothesis that a dual role of microbial enhanced oil
recovery and H2S mitigation is possible. Grobla production fluids show high levels of sulfide and the
produced brine is alkaline (pH 7.6-8.0) and conducive for SRB growth. SRB's are present though at
lower levels than indigenous anaerobes in Grobla brine
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Table 1. Core and sand pack test results

Plug/San | Initial volume of final Increment of ( » { l‘lltl'lte
d Pack | Recovery | displaced oil | recovery recovery . nitrite \ proxy /
Factor in MEOR factor factorz, \ / ‘
(RFi) [%] [cm3] (RFy) [%] [%]
1-C 24 4 0.00 24 4 0.0
ors s 020 | 182 | as Additional RF testing
Gr-9 15.4 0.55 26.0 10.6 with using :
Gr-10 19.0 0.20 238 4.8 - various SRB mitigants
Gr-11 19.6 0.13 22.2 2.5 - Grobla brine and oil
Z1 71.0 3.10 76.8 5.8 - microbial system
Z-2 81.8 1.50 84.5 2.7 materials
Z3 | 707 1.50 74.4 3.7
Z-4 82.2 1.05 84.6 2.3
Initial Recovery Factor (RF) from saturated cores and sand pack columns, Table. 2 MEOR viscosity, surface tension and pH alteration
volum_e of oil displaced by lMEOR, final RF of waterflood and MEOR flood Fluid | Viscosity | Surface pH Viscosity | Surface pH
combined, and percent of incremental oil recovered. tension tension
[mPas] [mN/m] [-1 [mPas] [mN/m] [-1
The average coefficient obtained in the ST e T R
|ab0rat0ry from simulation microbial Brine 0.973 59.70 5.60 0.973 59.70 5.60
. 5 0 MSI 1.157 52.77 6.70 1.361 41.20 4.87
waterflooding is 5.2%. MSI+N | 1.173 52.45 6.73 1.270 35.00 | 4.80
MSI+N 1.128 52.20 6.72 2.035 40.57 4.85
+Mo

Table shows changes from baseline values for viscosity, surface tension and pH
after 6-day incubation period. MSI = Microbial System Inoculum, N = Nitrogen,
Mo = Molybdate

The results of additional RF tests shown increases in reservoir brine viscosity with the addition of
MSI (microbial system inoculum), N (Nitrogen) and Mo (Molybdate).
This is a very positive factor when the potential effectiveness of the proposed microbial treatment

Bio-treatability determined by oil viscosity analysis (Table 2) and IFT measurement (Table 3). Oil is
complex liquid that exhibits typical non-Newtonian behavior. Viscosity correlates strongly with the fluid
dynamics occurring in pore spaces. Specific quantitative lab procedures measured the shift in
rheological properties between treated (inoculated) and untreated (control) samples. All bio-treatability
indexes showed positive changes (Table 4), and all EOR values are greaterthan 1.10. Aglobal change in
viscosity is also indicated by DV values greater than 0.10. Cryo-SEM images combined with EDX
mapping show biofilm produced by the MEOR microbes confirming positive bacterial growth in a sulfide
contaminated environment. (Pics.1,2).
Table 3. Percentage change in IFT

Phase Interfacial | Change
tension [%]
ImN/m]
Brine/oil 15.4 -
MSl/oil 6.8 55.8
MSI+N/oil 10.7 30.5
MSI+N+Mo/oil 12.4 19.5

MSI = Microbial System Inoculum, N = Nitrogen
Mo = Molybdate

Table 4. MEOR Indexes
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MS+N 3.8 015! 1.18 Pics. 1 and 2. Cryo-SEM observation made at 25kV using the SE2 detector of an Auriga60 Zeiss cross-
MS+N+Mo | 39 | 016 | 1.19 beam field-emission scanning electron microscope. Image show microbial growth in the core after

oy . e incubation
A positive test for bio-treatability results when the

value of NI > 1.10, DV > 0.10, and EOR > 1.15

CONCLUSION

Laboratory studies point to a possible dual role for microbial enhanced oil recovery; 1) increased oil
recovery, and 2) inhibition of oil field souring. The microbial composition selected for Grobla
demonstrated positive growth in sulfide contaminated brine. Core flooding and sand pack trials show
MEOR treatment displaced 2% to over 10% more oil than waterflooding alone. Further laboratory
studies confirmed MEOR displacement mechanisms were not inhibited by Grobla sulfide levels. The
hypothesis that H2S mitigation and microbial enhanced oil recovery at Grobla are not mutually exclusive
has been tested in the laboratory. Field work at Grobla commenced March 25th. Data from Grobla may
further validate a dual role of microbial EOR and H2S mitigation.
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