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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N___  (If you can record images/videos using your own camera/software, then mark 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)__N___ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 2.4, 2.12,_3.2 – 3.4_____________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.) __2.4,_2.7________

E.  Will the filming need to take place in multiple locations? (Y/N) __N___ If yes, how far apart are the locations? ___________________________________________________ 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to determine the thermal properties of a sample comprised of sand, water, methane gas, and methane hydrate. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michihiro Muraoka: This method can help answer key questions in the gas production technology field, such as gas production simulation from natural methane hydrate [1.1.1 – MED].
1.1.1. Michihiro speaks toward the camera, interview style. 
1.2. Michihiro Muraoka: The main advantage of this technique is that it can measure the thermal properties of a synthetic comprised of a gas hydrate–water–guest gas system [1.2.1 – MED].   

1.2.1. Michihiro speaks toward the camera, interview style. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Michihiro Muraoka: Though this method can provide insight into changes in thermal properties of natural gas hydrate bearing sediment during gas production, it can also be applied to other systems such as gas hydrate production plants for energy storage media [1.3.1 – MED].

1.3.1. Michihiro speaks toward the camera, interview style. 

1.4. Michihiro Muraoka: Generally, individuals new to this method will struggle because the melting heat of methane hydrate affects the measurements [1.4.1 – MED].

1.4.1. Michihiro speaks toward the camera, interview style. 

1.5. Michihiro Muraoka: We first had the idea for this method when we found that the period of completing formation of methane hydrate is much longer than the thermal properties measurement time [1.5.1 – MED].

1.5.1. Michihiro speaks toward the camera, interview style. 
Protocol (read by voice talent at JoVE):
2. Preparation of the sand–water–methane gas samples
2.1. To begin, place the high-pressure vessel on the vibrating table [2.1.1 – MED].  Pour 1.5 Liters of pure water in a water bottle and 4000 grams of silica sand in a sand bottle [2.1.2 – CU].  Accurately weigh the masses of sand and water in their respective bottles [2.1.3 – MED-over the shoulder].
2.1.1. Talent places the high-pressure vessel on the vibrating table.
2.1.2. Bottles as talent pours the water into the water bottle and the sand into the sand bottle.
2.1.3. Talent weighs the masses of sand and water in their respective bottles.
2.2. Then, pour 1 Liter of pure water in the high-pressure vessel with an inner volume of 2110 cubic centimeters from a water bottle until the water fills half the inner vessel [2.2.1 – CU]. 
2.2.1. High-pressure vessel as talent pours 1 L of pure water from a water bottle until water fills half of the inner vessel. 
2.3. Turn on the vibrating table to vibrate the entire vessel [2.3.1 – MED-over the shoulder].  Set the vibration rate to 50 Hertz and the power supply to 220 Watts [2.3.2 – MED].  Remove the residual air in the drain line and sintered metallic filter at the bottom of the vessel by vibrating the vessel [2.3.3 – CU].
2.3.1. Talent turns on the vibrating table to vibrate the entire vessel.
2.3.2. Talent sets the vibration rate to 50 Hertz and the power supply to 220 Watts.
2.3.3. Vessel as it vibrates.
2.4. Pour 3300 grams of silica sand from a sand bottle into the vessel at a constant rate of approximately 1 gram per second [2.4.1 – MED-over the shoulder] using a funnel held near the water surface while the entire vessel is vibrated to ensure uniform packing [2.4.2 – CU].  
2.4.1. Talent pours 3300 grams of silica sand from a sand bottle into the vessel at a constant rate of 1 gram per second using funnel near water surface while vessel vibrates.  Continue action in next shot.
2.4.2. Vessel/funnel at water surface as talent pours 3300 grams of silica sand from a sand bottle into the vessel at a constant rate of 1 gram per second as the vessel vibrates.
2.5. Stop the vibration when the water reaches the rim of the vessel [2.5.1 – MED].  Place a ring as a temporary wall on the rim of the vessel to prevent water from spilling [2.5.2 – CU].
2.5.1. Talent stops the vibration when the water reaches the rim of the vessel.
2.5.2. Vessel as talent places a ring there as a temporary wall on the rim of the vessel.
2.6. Vibrate the vessel again as before and when the sand reaches the rim of the vessel, turn off the vibration [2.6.1 – MED-over the shoulder – TXT]. Remove the excess pore water using the drain line and pour it back into the water bottle [2.6.2 – MED]. Remove the temporary wall [2.6.3 – CU].
2.6.1. Talent turns off the vibrating vessel when the sand reaches the rim of the vessel.  TEXT Overlay: height 140 mm
2.6.2. Talent removes the excess pore water using the drain line and pours it back into the water bottle.
2.6.3. Vessel as talent removes the temporary wall.
2.7. Pack the sand by vibrating the vessel once or twice at 50 Hertz and 300 Watts for 1 second and add more sand if necessary [2.7.1 – CU].
2.7.1. Vessel and vibrating table as talent turns the vibration to 50 Hertz and 300 Watts.
2.8. Weigh the mass of the sand and water in their respective bottles [2.8.1 – MED].
2.8.1. Talent weighs the masses of the sand and water in the bottles.  
2.9. Next, calculate the sand and water masses in the vessel from the mass differences in the sand and water bottles [2.9.1 – MED-over the shoulder].  In this experiment, the mass of sand in the vessel was 3385 grams and the mass of water in the vessel was 823.6 grams.  The mass of water in the vessel is denoted as wtotal (pronounced as “W-total”) [2.9.2 – CU].
2.9.1. Talent begins to calculate the sand and water masses in the vessel in a lab notebook.  Continue action in next shot.
2.9.2. Lab note book as talent does the calculation using mass of sand and mass of water (Wtotal).
2.10. Cover the high-pressure vessel with a stainless steel lid and tighten the bolts of diagonally opposite pairs in sequence [2.10.1 – MED-over the shoulder].  Move the high-pressure vessel from the vibrating table to the table intended for the experiment [2.10.2 – MED].
2.10.1. Talent covers the high-pressure vessel with a stainless steel lid and tightens the bolts of diagonally opposite pairs in sequence.
2.10.2. Experiment table as talent brings the high-pressure vessel there.
2.11. Cover the high-pressure vessel with the heat insulator for controlling the temperature [2.11.1 – CU].  Then, connect the high-pressure pipelines and the cooling water flow lines to the high-pressure vessel [2.11.2 – MED-over the shoulder].
2.11.1. High-pressure vessel as talent covers with the heat insulator for controlling the temperature.
2.11.2. Talent connects the high-pressure pipelines and the cooling water flow lines to the high-pressure vessel.
2.12. Open the valves of the input and output gas pipelines [2.12.1 – CU].  Ventilate 10 liters of methane at a rate of 800 milliliters per minute until no excess water discharges into the trap under atmospheric pressure [2.12.2 – MED-over the shoulder]. 
2.12.1. Valves of the input and output gas pipelines as talent opens them.
2.12.2. Talent ventilates 10 liters of methane at a rate of 800 ml per min until no excess water discharges into the trap under atmospheric pressure.
2.13. The sand discharge is prevented by a sintered metallic filter fixed on the bottom of the vessel [2.13.1 – CU].  The residual water remains on the sand surface because the hydrophilic silica sand adsorbs the water molecules [2.13.2 – ECU].
2.13.1. Vessel as talent points out the sintered metallic filter blocking the sand discharge.
2.13.2. Water molecules on the sand surface.
2.14. Weigh the mass of water in the trap, wtrap (pronounced as “W-trap”), to determine the gas volume in the vessel [2.14.1 – MED-over the shoulder].  Determine the mass of residual water, wres (pronounced as “W-rezi”); in this case, wres is 360.6 grams and wtrap is 463.0 grams [2.14.2 – CU – TXT].
2.14.1. Talent weighs the mass of the water in the trap.
2.14.2. Lab notebook as talent uses the equation to determine the mass of the residual water to be 360.6 g.  TEXT Overlay (show as the first part of the sentence is narrated):  use equation: wres = wtotal − wtrap.  TEXT Overlay (show as the second part of the sentence is narrated):  see text for determining sample porosity
2.15. After closing the valve of the output gas line, inject methane to increase the pore pressure of methane in the vessel to approximately 12.1 MegaPascal at room temperature [2.15.1 – MED-over the shoulder].  Then, close the valve of the input gas line [2.15.2 – CU].
2.15.1. Talent injects methane to increase the pore pressure of methane in the vessel to ~12.1 MegaPascal.
2.15.2. Valve of the input gas line as talent closes it.
2.16. Start recording the pressure and temperature in the vessel during the experiment using the data logger [2.16.1 – MED-over the shoulder – TXT].
2.16.1. Talent starts recording the pressure and temperature in the vessel during the experiment using the data logger.  TEXT Overlay: data sampling interval = 5 sec, total experimental time ~ 3000 min
3. Methane hydrate (MH) synthesis and thermal properties’ measurement of the supercooled sample
3.1. Turn on the chiller for cooling the vessel from room temperature to 2.0 degrees Celsius by circulating the coolant [3.1.1 – MED].  Let the coolant circulate from the chiller to the bottom of the vessel, from there to the lid of the vessel, and finally back to the chiller [3.1.2 – CU – TXT].
3.1.1. Talent turns on the chiller for cooling the vessel from room temperature to 2.0 degrees Celsius by circulating the current.  
3.1.2. Coolant circulating through the vessel.  TEXT Overlay: temperature change rate ~ 0.001 °C s−1.
3.2. Set up the measurement parameters using transient plane source, or TPS, analyzer software, and calculating the degree of supercooling as determined in the text protocol [3.2.1 – MED – TXT].
3.2.1. Talent sets the measurement parameters up using TPS analyzer software.  TEXT Overlay: see text
3.3. Michihiro Muraoka:  The most critical step is performing thermal constants’ measurements by keeping the temperature increase of the TPS sensor below the degree of supercooling [3.3.1 – MED].
3.3.1. Michihiro speaks toward the camera, interview style.
3.4. Simultaneously measure the thermal conductivity, thermal diffusivity, and volumetric specific heat using the TPS analyzer after the degree of supercooling is greater than 2 degrees Celsius [3.4.1 – MED-over the shoulder]. 
3.4.1. Talent simultaneously measures the thermal conductivity, thermal diffusivity, and volumetric specific heat using the TPS analyzer after the degree of supercooling is greater than 2 degrees Celsius.
3.5. After each measurement, manually switch the cables between the TPS probes and the analyzer during the experiment [3.5.1 – CU – TXT].  Collect data every 3 to 5 minutes [3.5.2 – MED-over the shoulder].  
3.5.1. Cables between the TPS probes and the analyzer as talent manually switches them.  TEXT Overlay: see text for connection diagram reference and switching sequence. 
3.5.2. Talent collects the data.
3.6. Repeat the measurements until the degree of supercooling reaches 2 degrees Celsius again.  In this experiment, the degree of supercooling initially increases with time [3.6.1 – MED].
3.6.1. Talent repeats the measurements.  
3.7. After the degree of supercooling reaches the maximum value, it gradually decreases to 0 degrees Celsius because the pressure decreases with the formation of MH [3.7.1 – CU – TXT].  
3.7.1. Measurement display showing the observed temperature fluctuating.  TEXT Overlay: check if ∆Tsup > 2 °C prior to the TPS measurements using equation 3 in text
4. Results: Analysis example and thermal properties’ measurement result  
4.1. Shown here is a temperature profile not affected by methane hydrate melting [4.1.1 – LM] and a temperature profile affected by melting.  Note that this profile cannot be analyzed by the TPS technique because the analysis equations assume stable sample conditions [4.1.2 – LM]. 
4.1.1. Figure2a.tif 
4.1.2. Figure2b.tif
4.2. The pressure, temperature, and degree of supercooling in the vessel as a function of time are shown.  MH nucleates after the system has reached pressure and temperature equilibrium [4.2.1 – LM].
4.2.1. Figure3a.tif - Editors, please highlight each plot as narrated (pressure = blue line, temperature = red dotted line, and deg. of supercooling = green line).
4.3. The saturation of the sediment with MH, water, and methane gas as a function of time are shown here.  The degree of saturation is calculated using the equation of the state of the gas [4.3.1 – LM]. 
4.3.1. Figure3b.tif - Editors, please highlight each plot as narrated (MH = blue line, water = green line, and gas = red dotted line).
4.4. An example of the thermal constants’ measurements is shown here. The double-headed arrows denote the data range used in the analysis.  Analysis 1 is an example of an inappropriate range and analysis 2 is an example of an appropriate range [4.4.1 – LM]. 
4.4.1. Figure4a.tif - Editors, please highlight each plot as narrated (analysis 1 = blue line and analysis 2 = green line).
4.5. The TPS inversion analysis results from each range are shown here [4.5.1 – LM]. The deviation of the temperature data from the linear fit curve is shown.  If the appropriate analysis range is selected, the difference temperature becomes small and approximately constant [4.5.2 – LM].
4.5.1. Figure4b.tif
4.5.2. Figure4c.tif
4.6. Finally, thermal conductivity as a function of time [4.6.1 – LM], specific heat as a function of time [4.6.2 – LM], and thermal diffusivity as a function of time are shown [4.6.3 – LM].
4.6.1. Figure5a.tif 
4.6.2. Figure5b.tif 
4.6.3. Figure5c.tif
5. Conclusion (said by authors on camera)

5.1. Michihiro Muraoka: Once mastered, this technique can be done in about 3000 minutes if it is performed properly.  While attempting this procedure, it’s important to remember to keep the super cooling condition of the sample when you measure thermal constants [5.1.1 – MED].

5.1.1. Michihiro speaks toward the camera, interview style.
5.2. Michihiro Muraoka: The key point in this method is the low rate of phase transition of the target material.  Following this procedure, other materials with a low phase transition rate can be measured [5.2.1 – MED].
5.2.1. Michihiro speaks toward the camera, interview style.
5.3. Michihiro Muraoka: After its development, this technique paved the way for researchers in the field of gas hydrate to explore gas production from natural methane hydrate and hydrate based technology [5.3.1 – MED].
5.3.1. Michihiro speaks toward the camera, interview style.
5.4. Michihiro Muraoka: After watching this video, you should have a good understanding of how to measure a synthetic comprised of a sand–gas hydrate–water–guest gas system [5.4.1 – MED].
5.4.1. Michihiro speaks toward the camera, interview style.
5.5. Michihiro Muraoka: Don't forget that working with high pressure flammable methane gas and a large high pressure vessel can be extremely hazardous and precautions such as wearing a helmet, safety glass and safety boots should always be taken while performing this procedure [5.5.1 – MED].   
5.5.1. Michihiro speaks toward the camera, interview style.
5.6. Michihiro Muraoka: The implications of this technique may be used for more than gas hydrate, because this technique can be applied to other materials with low phase-transition rates [5.6.1 – MED].  
5.6.1. Michihiro speaks toward the camera, interview style.
5.7. Michihiro Muraoka: Visual demonstration of this method is critical, because the sample preparation and measurement protocol are complicated [5.7.1 – MED].   
5.7.1. Michihiro speaks toward the camera, interview style.
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, .eps, 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.

Figure2a.tif
Figure2b.tif
Figure3a.tif
Figure3b.tif
Figure4a.tif
Figure4b.tif
Figure4c.tif
Figure5a.tif
Figure5b.tif
Figure5c.tif
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 are included in the email accompanying the finalized script.
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