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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___no______ If yes, please list make and model of your microscope: ______________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____no__ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:_2.3; 3; 4.4; 4.7.____

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Simulating an effective microannular gas flow at pipe/cement interface which is established by rotating the inner pipe during first 24 hours of cement hydration.[This in not part of the video. wch]
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of this procedure is to test the sealing of microannular gas flow in a model of a leaky wellbore by expanding its inner pipe. (Intro)

This is accomplished by first creating a composite cement model system. (P1)
(Video editor: Please use shot 2.3.2 or 2.3.4)
The second step is to perform flow-through experiments to demonstrate the existence of microannular gas flow. (P2)
(Video editor: Please use shot 3.1.5)
Next, place the system in an expansion set-up to expand the inner pipe. (P3)
(Video editor: Please use shot 4.2.2 or 4.4.3)
The final step is to perform additional flow experiments to test the effect of the inner pipe expansion. (P4)
(Video editor: Please use shot 5.3.2)
Ultimately, gas flow-through experiments demonstrate the effectiveness of pipe expansion in sealing of the microannular gas flow. (P5)
(Video editor: Please use “Figure 9.jpg”)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Darko Kupresan: The main advantage of this technique over existing methods, like squeeze cementing, is that it requires less time, has a higher success rate, and it has already been tested for field drilling applications.
1.2. Author name Mileva Radonjic: The implications of this technology are potentially huge as it can help prevent leakage of hydrocarbons into fresh water aquifers or the atmosphere.  
Protocol (read by voice talent at JoVE):
2. Overview of Sample Preparation
2.1. Construct the sample from two grade B electric resistance welded steel pipes. (TEXT: Find details of sample preparation in the manuscript) Focus on the larger, outer pipe. Drill holes in it to provide pressure release and mimic rock porosity. In addition, evenly space four holes with 3.2 mm NPT threading tips around the top and bottom of the pipe to allow connecting pipe fittings. 

2.1.1. WIDE: Talent at bench/workspace holding two pipes used to construct the sample in a manner that displays their approximate and relative size

2.1.2. MED: Talent putting inner pipe down and focusing on outer pipe

2.1.3. MED or CU: Talent pointing out pattern of holes in outer pipe

2.1.4. MED or CU: Holes with threading tips at top of pipe

2.2. Next, fabricate a custom made steel coupling for the two pipes.  The coupling has a ring for attaching the outer pipe and threads for securing the inner pipe. After threading the inner pipe to connect with the coupling, make sure to check the fit. Remove the pipe before proceeding.  

2.2.1. MED: Talent placing the custom made coupling in view and in position for subsequent steps

2.2.2. CU: The coupling with talent pointing out the ring, then the region with threading

2.2.3. CU: Inner pipe being screwed into coupling 

2.2.4. MED:  Talent completing removal of inner pipe (Video editor: Please transition to next shot to suggest the passage of time)

2.3. Continue after welding the anti-corrosion treated outer pipe to the steel plate ring. Screw the lubricated inner pipe into the coupling to finish the composite sample assembly.  After this, the assembly is ready to have a cement slurry added between the pipes.  It will then be manipulated to create a microchannel, and cured for experimentation.  (TEXT: See manuscript for details)  

2.3.1. MED: Talent positioning welded coupling and outer pipe for next step, making it obvious they are attached

2.3.2. MED: Talent screwing inner pipe into assembly, then looking into opening

2.3.3. CU: Open top of assembly showing inner and outer pipes

2.3.4. MED: Talent inspecting completed assembly [Cut before top of pipe is shown]
2.4. [added] Weigh out an appropriate amount of water, concrete, and bentonite. (TEXT: see accompanying text protocol for details).  Then, add them to a blender, cover, and mix using the high setting for 40 seconds. Once the slurry is well mixed, pour it into the assembly and follow steps in the accompanying text protocol in order to to properly cure the cement while creating microchannels.
2.4.1. Talent measures concrete on scale
2.4.2. Talent pours water into blender, starts on low, then adds pre-measured bentonite
2.4.3. Talent adds concrete to blender
2.4.4. Talent switches blender to high setting
2.4.5. Talent pours concrete into sample
3. Pre-expansion Flow-through Experiments
3.1. Begin with an appropriately cured cemented composite assembly.  Screw 3.2 mm fittings into the four inlet ports at the bottom of the outer pipe.  Do the same for the outlet ports at the top. Next, connect inlet and outlet manifolds with pressure transducers to the fittings.

3.1.1. WIDE: Talent at bench/workspace with assembly, preparing to add fittings to its bottom

3.1.2. CU: Inlet ports at bottom of pipe as talent completes screwing in last one

3.1.3. MED: Talent with assembly with fittings on both ends

3.1.4. MED: Talent connecting manifolds.  If possible, record from beginning to end, but at least beginning.

3.1.5. MED: Talent completing connecting manifolds with added manifolds clearly visible  (Video editor: Please use 3.1.4 and/or 3.1.5 to show transformation from sample having no manifolds to all manifolds being present)

3.2. Now, connect the inlet manifold at the bottom of the sample to a cylinder with pressurized nitrogen gas.  Ensure the flow valve is closed and increase the cylinder inlet pressure to 50 kPa. Prepare a computer to record the pressure transducer readings.  

3.2.1. WIDE: Talent checking/making connection between manifold and cylinder

3.2.2. MED: Talent checking flow valve and then setting the inlet pressure

3.2.3. MED: Talent making/checking connections between sample and computer and starting software

3.3. Begin gas flow to start the flow-through test.  On the computer, monitor the inlet and outlet pressures of the sample for one minute. Then increase the gas cylinder inlet pressure to 172 kPa. Monitor the pressures for another two minutes.

3.3.1. MED: Talent starting gas flow and starting to monitor the computer

3.3.2. CU SCREEN: Computer screen showing the evolution of the inlet and outlet pressure readings (~20 seconds)

3.3.3. MED: Talent increasing cylinder inlet pressure

3.3.4. CU SCREEN: Computer screen showing pressure readings at the new pressure (~20 seconds)

3.4. When done, stop the pressure recording.  Close the gas cylinder and vent the remaining gas into the atmosphere.  To prepare for the expansion procedure, first remove all of the manifolds from the outer cylinder.  When done, coat the inside wall of the inner tube with lubricant. Also, cover the top of the sample with a wet cloth to prevent carbonation and drying of the cement.

3.4.1. MED: Talent at computer stopping pressure recording

3.4.2. WIDE: Talent moving to cylinder to stop flow and vent gas

3.4.3. WIDE: Talent going to sample and beginning to remove manifolds.  Record the removal of several.  (Video editor: Please transition to the next shot to suggest the passage of time)

3.4.4. MED: Talent with sample, manifolds removed, coating the inner wall of the inner tube with lubricant

3.4.5. MED: Talent completing coating, then placing a wet cloth on top of sample
4. Expansion Setup and Expansion Procedure
4.1. The expansion procedure will take place in a housing that can be accessed by an opening at the top. At one end is an expansion mandrel that can be coupled to a hydraulic unit.  Completely retract the mandrel to allow the placement of the composite sample.

4.1.1. WIDE: Talent next to the housing in which the expansion procedure will take place

4.1.2. CU/MED: View into the volume in which sample will be placed, showing retractable mandrel

4.4.1 WIDE: Talent configuring the hydraulic unit
4.1.3. MED: Talent retracting the mandrel

4.2. Orient the composite sample so its bottom is toward the retracted expansion mandrel.  Place the composite sample in the housing.  Then identify an expansion cone with the desired expansion ratio.  This experiment will use a cone with a ratio of 8%.   

4.2.1. MED: Talent orienting the sample, ideally so that viewers can understand

4.2.2. MED or CU: Sample being placed in housing

4.2.3. MED: Talent selecting expansion cone and displaying it for next shot

4.2.4. CU: 8% expansion cone in hands of talent

4.3. Now, fully elongate the expansion mandrel through the sample and then slip the expansion cone onto it. Next, screw the retaining mandrel onto the expansion mandrel.  Complete the preparation by screwing the retaining mandrel guide onto the lower connector of the lower housing.

4.3.1. A MED: Talent elongating expansion mandrel through sample and 
4.3.1B
[split shot] putting on expansion cone

4.3.2. CU: Retaining mandrel being screwed into place

4.3.3. [combined with 4.3.2] CU: Mandrel guide being secured in position.  Be certain to get final configuration.

4.4. Once everything is ready, power the hydraulic unit to an optimum pressure of 10.3 MPa.  Prepare the computer to collect axial force data.  Activate the control to retract the expansion mandrel and pull the expansion cone through the inner pipe of the sample.   Expand the sample from one end to a length of 40.64 cm.  Then elongate the expansion mandrel into its original position. 

4.4.1. [moved] WIDE: Talent configuring the hydraulic unit

4.4.2. WIDE: Talent moving to computer, working on it (or configuring computer for data collection if screen is shown)

4.4.3. CU: The sample, then the sample as the expansion cone is pulled through the inner pipe, and the elongation back to its original position

4.5. Stop the recording of the axial forces and prepare to retrieve the sample.  Unscrew the retaining mandrel guide and remove the retaining mandrel.  Take off the expansion cone from the expansion mandrel and then fully retract the mandrel.  Finally, remove the sample from the housing.

4.5.1. WIDE: Talent stopping data recording, then returning to retrieve sample

4.5.2. MED: Talent removing already unscrewed mandrel guide and retaining mandrel

4.5.3. CU: Expansion cone being taken off, then full retraction of mandrel

4.5.4. MED: Talent removing sample from the housing and placing it on bench

4.5.5. [added] Housing after expansion

5. Post-expansion Multi-rate Flow-through Experiments 
5.1. After the expansion procedure, prepare the sample for more flow-through experiments. Be sure to clean the inlet and outlet ports of any excess of squeezed cement paste.  When this is done, once again attach the pipe fittings, manifolds with transducers, and nitrogen cylinder. 

5.1.1. WIDE: Talent, with sample in view, preparing to clean ports (readying materials)

5.1.2. CU: Outlet port as it is being cleaned

5.1.3. MED: Talent completing attachment of transducers

5.2. Set up the computer to record the transducer pressures. Set the gas cylinder inlet pressure to 172 kPa.  Open the flow meter and begin the flow-through test. Monitor the inlet and outlet pressures on the computer screen for five minutes.

5.2.1. WIDE: Talent leaving sample, going to computer to start recording

5.2.2. WIDE: Talent leaving computer to set cylinder inlet pressure

5.2.3. MED: Talent starting flow and starting to monitor computer

5.3. Next, change the gas cylinder inlet pressure to 345 kPa and monitor the pressures in the samples for another 5 minutes.  Then, increase the inlet pressure to 517 kPa.  Continue to monitor the pressures.  After five minutes, increase the inlet pressure to the final value of 690 kPa and monitor for five minutes.

5.3.1. WIDE/MED: Talent going to adjust the cylinder inlet pressure, then returning to monitor measurements.  Please take several shots of this for possible reuse.

5.3.2. CU SCREEN: Computer screen as pressure is increased to 517 kPa (~20 seconds)

5.3.3. MED: Talent monitoring the computer

5.3.4. REUSE 5.3.1
5.4. After 5 minutes at 690 kPa, end pressure recording and close the gas cylinder. Vent the remaining gas into the atmosphere.  Remove the manifolds from the sample.

5.4.1. WIDE: Talent stopping data recording and closing gas cylinder

5.4.2. WIDE: Talent venting gas

5.4.3. WIDE: Talent moving to sample and beginning to remove manifolds
6. Results: Flow-through Studies Using Composite Samples with Class H Cement
6.1. This plot of pressure vs time shows both the inlet pressure in blue and the outlet pressure in red. This pre-expansion gas flow-through test confirms gas flow through the pre-manufactured microannulus. Starting at 100 seconds, the initial inlet pressure from the gas cylinder was 103 kPa and the gas flow rate was 85 mL/mi.  At 160 seconds the gas cylinder pressure was increased to 172 kPa leading to the change in pressure at both the inlet and outlet. 

6.1.1. LAB MEDIA: “Figure 7.jpg” (Video editor: Please point to/highlight the first jump in the blue curve at time 100 s during the third sentence.  During the last sentence please point to/highlight the jump in both curves at time 160 s. Note: There may be a different extension on the file)

6.2. The variation of pressure at the outlet is more clearly seen in this plot of log pressure vs time.  Data from the pre-expansion tests give a microannulus effective permeability of 0.66 Darcy. 

6.2.1. LAB MEDIA: “Figure 8.jpg” 

6.3. These are the results of a second flow-through test after imposing an 8% expansion ratio on the composite sample. The pressure was increased gradually from 172 kPa to a final pressure of 690 kPa every five minutes.  No pressure was recorded on the outlet pressure transducer.  The test was repeated after 24 hours and after 60 days with the same result, confirming that the 8% expansion rate was successful in closing the microannular gas flow in the wellbore model. 

6.3.1. LAB MEDIA: “Figure 9.jpg” (Video editor: Please point to the blue curve during the second sentence. Point to the red curve during the third sentence.)

7. Conclusion (said by authors on camera)
7.1. Author name Darko Kupresan: Once tested in the field, this technique can be effectively done in minutes, excluding preparation time, and prevent negative environmental impacts of hydrocarbon leakage.

7.2. Author name Mileva Radonjic: After watching this video, you should have a good understanding of how an adaptation of an existing field technology can be effectively used to prevent leakage of oil and gas wellbores, whether in carbon sequestration or even hydraulic fracturing.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation
It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
 2012, Journal of Visualized Experiments


