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Business and Activity Section

(a) Contract Activity

Discussion about contract modifications or proposed modifications:  N/A
Discussion about materials purchased:  
1. Supplies for growth media, Fisher Scientific: $276.25
2. Buffer for iron assays, VWR: $139.34
3. Needles and syringes for transferring enrichment cultures, VWR: $498.96
4. 7th International Symposium on Applied Microbiology and Molecular Biology of Oil Systems (ISMOS-7) registration: $1069.50 (CAD)
5. Lodging during ISMOS attendance: $1121.40 (CAD)
6. Parking during ISMOS attendance: $100.00
7. Airport transport during ISMOS attendance $70.80 and $76.80 (CAD)

 (b) Status Update of Past Quarter Activities

[bookmark: _GoBack]In this quarter we began classification of the microbiology obtained from pipeline samples.  We also continued running electrochemical experiments with those water samples.  Those samples are ongoing.

(c) Cost share activity

Cost share is the 0.5 academic year salary and fringe for Co-PIs Monty-Bromer and Senko totaling $16,053 for the quarter.

(d) Task X: Task Title

Task 1: Microbial Analysis from produced water samples.
Task 2: Zero Resistance Ammetry Experiments from synthetic water samples and sulfate reducing bacteria.



Detailed discussion and descriptions for the following:
1. 	Background and Objectives in the 1st Quarter
1.1 Background
Split chamber zero-resistance ammetry (ZRA) technique is applied on the basis of detecting and quantifying MIC in natural gas pipelines. To monitor MIC, we deployed two low carbon steel working electrodes in the chambers separated by a NaCl salt bridge. One chamber is inoculated with a consortium of organism originally found in the sludge provided by DNV-GL and other side is the same sludge without the consortia of organisms. Potential and current measurements were analyzed to evaluate potential microbial activities and this could also lead to establishing electrochemical signatures of MIC.
1.2 Objectives in the 1st Quarter
	a. Analysis of microbiology and chemistry from produced water samples
	b. ZRA experiments using synthetic water samples inoculated with sulfate reducing bacteria.

2.  Experimental Program in the 3rd Quarter
2.1 Water Chemistry Analysis
Chemistry
We have received samples of pigging sludge and dripwater from the exterior of natural gas transmission lines. The aqueous chemistry of these samples is shown in Figure 1. Generally, Cl- is the predominant anion, while Na+, and to a lesser extent, Ca2+ are the predominant cations (Figure 1).  Based on these observations, we have developed a recipe for synthetic brine water that contains 350 mM NaCl, 30 mM NaHCO3, 25 mM CaCl2, 15 mM MgCl2, 2 mM KCl, 1 mM Na2SO4, and 0.5 mM H2HPO4.  This solution is used for incubations and as the background electrolyte for media used for enrichment cultures.

[image: ]
Figure 1. Chemistry and microbial community composition of microbial communities in pigging sludge and dripwater samples from natural gas transmission lines.

Microbiology
We used high-throughput DNA sequencing to evaluate the microbial communities in the pigging sludge and dripwater samples, based on partial 16S rRNA gene sequences. While the pigging sludge was dominated by Gammaproteobacteria (Marinobacterium-affiliated OTU), the dripwater samples were and dripwaters contained predominantly Firmicutes (sulfate-reducing Desulfotomaculum-affiliated operational taxonomic units (OTU), and Cyanobacteria-affiliated OTU) (Table 1). The pigging sludge was stored in a refrigerator before we were able to analyze the microbial community, and Marinobacter are frequently encountered in samples stored for long periods of time, despite being relatively minor components of in situ microbial communities.  Similarly, the abundance of photosynthetic Cyanobacteria-affiliated OTU in the dripwater indicates that the dripwater microbial communities might not be an accurate representation of the microbial communities within the pipes. We anticipate a “fresh” pigging sludge sample in the upcoming quarter that we believe will allow us to develop a more accurate view of the microbial communities in the gas transmission lines.
	Nevertheless, we have been able to develop enrichment cultures of Fe(III)-reducing, sulfate-reducing, methanogenic, and fermentative bacteria from sludge and dripwater.  The sulfate-reducing enrichment culture was predominantly composed of a sulfate-reducing Desulfovibrio sp. and fermentative Acetobacterium sp. (Table 1). A hydrogen-oxidizing enrichment culture that contained hematite (Fe2O3) also contained abundant Desulfovibrio sp. and an Arcobacter sp. (Table 1). Identification of predominant organisms in other enrichment cultures will be conducted in the next quarter.

Table 1. Identities and descriptions of predominant organisms in enrichment cultures recovered from pigging sludge.
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2.2 ZRA Experimental Set-up
All non-metal components of the experimental setup were placed in acid-bath overnight and autoclaved before the corrosion incubation of carbon steel.
 
Medium preparation: We used a recipe for synthetic brine water that contains 350 mM NaCl, 30 mM NaHCO3, 25 mM CaCl2, 15 mM MgCl2, 2 mM KCl, 1 mM Na2SO4, and 0.5 mM H2HPO4. 
  
Corrosion incubations: Carbon steel (UNS G10180) rectangular coupons were ground using progressively finer SiC papers including 240, 320, 400 and 600 grit according to ASTM standard E1558 [1]. Cylindrical coupons were sterilized by placing them in the ZRA chambers filled with non-reactive nitrogen. The chambers were placed in an oven at 1600C for 4 hours sterilizing the coupons without compromising the metal surface. Saturated calomel electrode (SCE) reference electrode was used for the deployed WE1 and WE2. A saturated NaCl salt-bridge was used to connect the two split chambers.  Current and potential were recorded using a Biologic potentiostat.  Samples were removed periodically from both the chambers to measure pH, sulfate, sulfide, and dissolved Fe(II). 
 
Corrosion rates were determined by weight loss analysis (WLA) using ASTM method G01-03 [2]. Corrosion rate was calculated using the following equation.
 
(CR = (W*K)/(D*A*t)
 
where CR is the corrosion rate in mm/yr, K (8.76 x 104) is a dimensionless constant, W is the mass loss in grams, A is the exposed surface area in cm2, T is the exposure time in hours and D is the density of carbon steel UNS G10180 in g/cm3.
 
Analytical techniques: pH was measured using Thermo Scientific Orion Laboratory instrument with the model STARA2150. Dissolved Fe(II) was calculated by ferrozine assay [3] using UV-Vis spectroscopy.
[image: ] 
Figure 2: Split chamber zero-resistance ammetry separated by a NaCl salt bridge. WE2 (left) WE1 (right).


3.  Results and Discussion

Potential and current reading were monitored for the SC-ZRA for 10 days. The potential was constant during the experimental run approximately around -760 mV. The initial current reading with a near zero current suggests that there no flow of electrons from WE2 to WE1. After innoculation, the current increases to 12 microA, suggesting that there is flow of electrons from WE1 to WE2.  From the weight loss analysis, WE2 lost 9 mg and WE1, 14.6 mg. A difference of 5.6 mg.  Analysis of the chemistry from this experiment is ongoing.  It should be noted that these experiments were run anaerobically.  
[image: ]
Figure 2: Galvanic Current readings from split chamber zero resistance ammetry (SC-ZRA).
 


4. Future Work

Currently we are running an anaerobic negative control with the SC-ZRA (ZRA 2) to understand galvanic current and potential when both the chambers contain no microorganism. We are expecting to see minimal or no galvanic current as the two chamber contains the same sterile water sample.  

References:

[1] ASTM E1558-09. Standard Guide for Electrolytic Polishing of Metallographic Specimens, ASTM Inter- national, West Conshohocken, PA, 2014, www.astm.org.
[2] ASTM G1-03. Standard Practice for Preparing, Cleaning, and Evaluating Corrosion Test Specimens, ASTM International, West Conshohocken, PA, 2011, www.astm.org
[3] Stookey LL. Ferrozine-a new spectrophotometric reagent for iron. Anal Chem. 1970; 42: 779–781. 52.
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