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Business and Activity Section
(a) Generated Commitments - No changes in agreements with partners or cofounders.  Itemized purchases as follows:
· 1-liter cell glass replacements - $450.00
· Two (2) extra 1-liter cell glass cells ordered to keep the experiment on track if existing cells are broken.
· Glass stoppers, size 24/40 - $27.96
· Six (6) glass stoppers to seal up the 1-liter cells and prevent evaporation of aqueous solution.
· Condensers - $953.04
· Six (6) condensers to allow oxygen replenishment in the 1-liter cells, but prevent excessive loss of moisture.
· Low maintenance gel filled pH probe - $218.04
· One (1) probe was ordered to accurately record the pH of the solutions during the experiment.
· Foil insulation - $18.43

· Insulation to wrap around crevice cell and prevent heat loss to the environment.  This will allow the fluid to reach experimental temperatures.

· Condenser manifold - $157.52
· PVC and vinyl tubing manifold to route coolant through the condensers.

· Plastic funnels - $19.91

· Plastic funnels will be used in conjunction with an electric float switch to maintain the fluid level in the crevice cell during the experiment.

· Electric float switch - $28.85

· Electric float switch to be connected in series with a peristaltic pump to maintain the fluid level in the crevice cell during the experiment.

· Glass stir rods - $18.46

· Stir rods used to suspend the metal samples in the 1-liter cells.

(b) Status Update of Past Quarter Activities - All tasks reported below funded by PHMSA.
· Artificial seawater prepared.
· Twenty (20) liters of artificial seawater was prepared in accordance with ASTM D1141 – Standard Practice for the Preparation of Substitute Ocean Water.  The newly acquired pH probe was calibrated and measured a pH of 8.32 for the artificial seawater.
· Custom Linear Polarization Resistance (LPR) probes created for crevice cell.
· The foam crevice cell LPR measurements will be conducted by using the LPR probes shown in Figure 1.
· These were created by cutting three (3) short pieces of 1018 mild steel 1/4” steel rod, which were placed into a 3D printed ABS plastic holder.  Wires were soldered to the ends of the metal so the probe could be attached to existing Gamry LPR measuring equipment.  A liquid epoxy was then poured over the metal and plastic and allowed to harden overnight.  The face of the probe was ground and polished to prepare for immersion in the solutions.
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Figure 1:  Custom LPR probes.

· Crevice cell apparatus design, construction, and testing.
· The Foam Crevice Cell apparatus design has been tested for fluid level control.  The empty cell was filled was water.  A funnel was connected to the top and a drain valve was connected to the bottom.  The float switch was connected to the peristaltic pump in series.  The water level was allowed to slowly drain through the valve on the bottom.  The float switch and pump circuit was activated when the water level dropped and the cell was refilled.  See Figures 2 and 3.  Note the system was turned off and the cell had drained completely in Figure 2.
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Figure 2:  Empty crevice cell with funnel, float switch, and drain valve.
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Figure 3:  Crevice cell fluid level testing.

· Experimental set up for 1-liter cell testing.

· The 1-liter cells arrived and were quickly assembled for testing.

· Several additional items and actions had to be implemented to prepare for the experimental testing.
1. Sample suspension in the solutions:  The samples need to be suspended in the solution to allow adequate surface area to corrode.  Initial attempts to use an entirely 3D printed holder did not work as the plastic deformed at high temperatures.  The use of a glass rod cross bar reduces the amount of deformation to within acceptable limits.  See Figure 4.
[image: image4.jpg]



Figure 4:  Samples suspended by 3D printed ABS plastic support with glass rod cross bar.

2. Temperature controllers:  The controllers for the 1-liter cells were tested and work as required.  See Figures 5 and 6.
3. Oxygen replenishment:  Additional oxygen will be required during the experiment.  The lab is equipped with compressed air connections so tubing was run to supply each 1-liter cell with air that will bubble in during the entire experiment.  See Figures 5 and 6.
4. Sealing the extra holes:  The 1-liter cells have a polymer top that has four holes.  The condenser, thermocouple controller, and oxygen replenishment each require one hole.  The fourth hole will be sealed by a glass stopper or an LPR probe as required by the experiment.  See Figures 5 and 6.
5. Condensers and manifold:  There are multiple condensers, but only one coolant bath.  A manifold was fabricated to split the coolant and supply each condenser.  This required several iterations to create.  The PVC plastic cracked at low temperatures on two separate occasions, which was likely due to over torqued threaded connections.  The manifold is now running without leaks, but constant adjustments are required to balance the system and allow even flow through all condensers.  See Figures 5 and 6.
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Figure 5:  1-liter cell set up.
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Figure 6:  1-liter cell set up.

· Additional foam plug molds.

· During a test of the crevice cell, leaks were detected in the foam plugs.  Evaluation revealed that the plugs and rubber O-rings were not forming a tight enough seal to the glass.  New molds were 3D printed, the insides were coated with paraffin wax, and the foam was poured.  The new foam plugs form a much tighter seal and no leaks have been detected.  This will be closely monitored during subsequent tests.
· Weld Pack Mold Assembly (See Figure 7)

· The mold was modified to include gaskets at the different part interfaces to help prevent foam leakage, and a central threaded rod was added to improve the mold’s compression. (See Figure 8)

· The interior and end caps of the mold were coated with standard automotive grease to allow for easier removal of foam core. The use of grease also allowed the concrete form tubes to be reused multiple times.

· The central polymer pipe was replaced with three inch, schedule 40, black pipe to increase the realism and thus accuracy of the tests.
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Figure 7: Basic Weld Pack Mold Illustration
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Figure 8: Fully Assembled Weld Pack Mold
· Bentonite Solution Prototype Injector

· A prototype injection system was designed using a syringe as the pressure generating component. (See Figure 9)

· A simple stand and lever arm actuator were fabricated from basic lumber pieces to contain the injection system. (See Figure 10)

· A Backflow Prevention Device (BPD) was designed and fabricated to prevent the bentonite solution from escaping out the injection hole. (See Figure 11)
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Figure 9: Injection System Illustration
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Figure 10: Fully Assembled Prototype Bentonite Injector with Simulated Weld Pack
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Figure 11: Backflow Prevention Device Illustration
· Injection Results

· Multiple weld packs were constructed and subsequently injected with colored water to determine how fluid dispersed when injected under polyurethane foam. It was observed that the water initiated fractures in the foam at a pressure of 65 ± 5 psig.

· In all tests the reached pressures greater than 70 psig, significant sections of foam failed in the plane perpendicular to the central pipe’s axis resulting in little to no surface coverage of the central pipe. (See Figure 12)

· In tests where the pressure was kept under 65 psig, large surface areas of the central pipe (large being greater than 50 in^2) were observed to have been wetted. (See Figure 13)
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Figure 12: Radial Fracture Failure of Polyurethane Foam
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Figure 13: Front View of Injected Weld Pack with Foam Removed. (Though not visible in this image, the fluid traveled 360° around the pipe for a total surface coverage of 80 ± 10 in^2).
(c) Description of any Problems/Challenges -
· Foam plug molding.

· The foam plugs will need to be monitored to ensure no leaks are present.  Leaks could potentially remove the corrosive solutions from the metal samples and cause inaccurate results.  Further testing and monitoring will be done to ensure the experiment is accurate as possible.
· 1-liter cell experimental design and construction.

· The coolant manifold for the condensers proved to be a challenge.  Several iterations and trips to the hardware store were required due to broken parts and missing pieces.  The balancing of the coolant system will require further fine turning.
· The oxygen replenishment system initial balancing efforts proved to be simple and effective, but will require further fine tuning to prevent excessive bubbling of air into the system.

(d) Planned Activities for the Next Quarter -

· Corrosion solution preparation.

· The solutions that will be exposed to the metal samples will be created and tested for pH and molecular content.  Additional modifications will be made to approximate actual field conditions.
· To determine the most effective experiment, the current plans are to test and refine the ideal concentrations of the following solutions:
1. Artificial seawater.  This is the baseline solution for the experiment.
2. Foam slurry with reverse osmosis water.  This may be a more aggressive environment than seawater alone.

3. Foam slurry with artificial seawater.  The seawater chemical concentrations may buffer the foam slurry and create a less aggressive solution.

4. Sodium bentonite concentration in solution.  The previously tested sodium bentonite samples had significant deposits of solids at the bottom.  The accumulation of too much solids in the 1-liter cells could cause significant discrepancies in the results.  Therefore, an ideal or acceptable mixture of sodium bentonite to aqueous volume will be determined. 
· Apparatus design and construction.

· The initial iteration of the foam crevice cell device will be tested in a 30 day exposure experiment.  Modifications will be designed and implemented as necessary afterwards.

· 1-Liter Cell testing.

· Baseline experiments will be conducted for 30 days of exposure using 1-Liter cells and the finalized corrosion solutions.
· Metal sample preparation continuation if necessary.

· If necessary, additional metal sample surfaces will be finished per applicable ASTM standards and references.

