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Objective:  Develop and demonstrate oxidation of sulfides in integrated bioreactor elements. Specific objectives are to optimize the growth and sulfide scavenging capacity of a proven nitrate reducing, sulfide oxidizing consortium of microorganisms and develop appropriate bioreactor platforms for scale design and technology demonstration.  This describes continuation of a previously (FY 1998) funded project, and will specifically address 1) site specific reactor design; 2) reactor control, and 3) initial scale design.  This effort includes ongoing work at the University of Tulsa that will compare technical and economic feasibility of the Coleville biocatalyst system with other sulfide-oxidizing biocatalysts (primarily Thiobacillus denitrificans) in their application to mitigating the following sulfide problems encountered in oil and gas exploration and production operations: treatment of sour produced water; treatment of sour natural gas; wellbore clean out of iron sulfides; and in-situ control of sulfide production.  Comparisons will be made using actual field conditions and in each case biocatalysis will also be compared to existing nonbiological commercial methods.
Accomplishments:  This project has been active for 19 months. In this time, we have; 1) continued physiological evaluation of FWKOb and CVO, two isolates from the original Saskatchewan field trial, 2) conducted a screening effort for additional sulfide oxidizing microorganisms 3) operated a bioreactor inoculated with CVO, 4) completed the initial selection for a field demonstration site, and 5) began the final selection process for site selection – highlights below.

 
Microbial strains derived from cultures of CVO that were able to use both thiosulfate and tetrathionate as a sulfur-containing energy substrate were unable to appreciably oxidize sulfides following growth on thiosulfate (tetrathionate untested).  The organisms did however grow robustly on thiosulfate and control cultures of  CVO oxidized sulfide rapidly.  

 
Two novel nitrate-reducing, sulfide oxidizing bacteria (strains CVO and FWKOb) along with a sulfide–oxidizing enrichment (CVE) were used to remove hydrogen sulfide (0.99% H2S, 5% CO2, Balance N2) from a gas stream.  H2S was completely removed from the feed gas within 1-3 seconds of gas-liquid contact.  As H2S was removed, sulfate accumulated and nitrate decreased.  No significant levels of  nitrite, ammonium, NO, or N2O were detected suggesting that nitrogen gas was produced.  The maximum specific activity of the mixed culture was 6.2 mmoles H2S/hr g-biomass protein.  The culture was shown to recover quickly from simulated upsets (elevated H2S) with full recovery in 24 to 48 hours.  The culture was operated over a pH and temperature range of 5.6 to 10.4 and 28  to 46 C, respectively.  Population dynamics were followed using phospholipid fatty acid analysis and denaturing gradient gel electrophoreses (DGGE).  Sequencing of three dominant bands from DGGE analysis indicated that the dominant genotype belongs to a novel sequence believed to be strain CVO. 
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