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A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique, which will need to be filmed by JoVE? (Y/N) __N_ 
B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) ___Y – Tablet based application_

(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?  These steps are now italicized.

D.
What is the single most difficult aspect of this procedure and what do you do to ensure success?  List one or two short steps (2-3 lines of text) and describe what makes them critical.
  The protocols above are straight forward and conducted in the field. I would say the most important – not necessarily difficult portions of the entire protocol are to ensure that the mass air flow sensor and greenhouse gas analyzer have been calibrated. Due to there importance we have included protocol sections 1 and 2 which review the calibration or verification of the key components of the equipment that should be conducted prior to use in the field.  
E.
Will the filming need to take place in multiple locations? (Y/N) __Y – Had discussed this during the original conversation with the editor that asked about our publication, we could film some at the laboratory in Morgantown, WV but there is a oil/gas well on my property in Pentress, WV where we could take and actual measurement.

If yes, how far apart are the locations? 25 minutes (18 miles)
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this methodology is to provide robust and accurate quantification of leaking gases, specifically methane – a potent greenhouse gas, using new technology. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Derek Johnson: This method can help answer key questions in the natural gas field, by providing a mass based emissions rate from a variety of leak and loss sources which can then be used for development of robust inventories.
1.2. Derek Johnson: The main advantage of this technique is that it offers improved accuracy compared to other available quantification methods and is not sensitive to non-methane hydrocarbon emissions.   
1.3. April Covington: We first had the idea for this technology and method, when we were tasked with quantifying methane emissions related to natural gas fueling equipment and stations. 

1.4. Robert Heltzel: After a review of current and previous technologies and techniques we determined that developing our system and methods would ensure improved accuracy. 

1.5. Nathan Fowler: We then modified our methods of sampling automotive exhaust emissions to develop the full flow sampling system which we have employed in a variety of measurement campaigns to accurately quantify leaking or lost methane emissions.  
Protocol (read by voice talent at JoVE):
2. Leak Detection Audit
2.1. Prior to working in the field, be certain to correctly calibrate the mass airflow sensor and the greenhouse gas analyzer.  [2.1.1-WID] These are relative easy but important procedures to conduct correctly, [2.1.2-MED] thus they are described in detail in the text protocol. [2.1.3-CU]

2.1.1. Establish talent working with gas analyzer

2.1.2. Representative action of calibrating the gas analyzer

2.1.3. Detail of subsequent action in calibration process
Video editor - space the shots out as needed to cover the narrative.  My suggested locations are just guesses, in this case.

2.2. The text protocol also explains how to perform a full system recovery test. [WID]

2.2.1. representative actions of full system recovery test

2.3. This video demonstrates how to seek out greenhouse gas leaks [3.2.1] and assess them at a potential source of fugitive emissions. [4.3.1]

2.4. Before beginning, create a new inventory file in the field computer. [2.4.1-MED] Enter all the details on the site.  The data fields for the date, time, and GPS location are automatically populated. [2.4.1-LM]

2.4.1. BROLL of talent working with field computer

2.4.2. To be provided by authors SCREEN CAPTURE of entering site details 
2.5. Next, document any inaccessible sources or aggregated sources.  [2.5.1-LM] For example, a vent pipe that is not safely accessible. [2.5.2-LM]
2.5.1. To be provided by authors SCREEN CAPTURE of labeling sources as “aggregated”
2.5.2. To be provided by authors - image from previous field work – can circle inaccessible vent

2.6. An aggregated group of sources may include multiple fittings and possible sources such as a compressor housing. [LM]
2.6.1.  To be provided by authors - Provide image of inside of compressor housing.
2.7. If multiple sources can be examined as a whole, aggregate the sources using an enclosure composed of a non-permeable material with at least one entrance and an exit designed to capture outflowing gas. [LM]
2.7.1. To be provided by authors photo of outside of compressor housing that uses the housing as an enclosure with inlet and outlets connected.
2.8. Periodically, measure and record the background methane concentration. [WID]

2.8.1. general view of talent taking background reading from appropriate position away from putative source

2.9. Always take multiple background readings in the same region. [2.11.1-MED] 

2.9.1. taking several readings from the same general spot

3. Operating the Detection Equipment
3.1. To check for a leak using the handheld methane detector [3.1.1-MED] first zero it in the ambient air.  The detector is sensitive to gasses 5 parts per million above the background. [3.1.2-LM/CU]

3.1.1. talent operating methane detector

3.1.2. if possible request a screen capture, otherwise show a CU of zeroing the detector

close up to be sent
3.2. Then, check all the accessible interfaces, which may have fugitive emissions. [MED]

3.2.1. pan over possible locations of emission

3.3. Position the probe sample inlet orthogonally to the surface to minimize dilution.  [CU]

3.3.1. positions detector as described

3.4. Then, move the probe along the interface periphery while observing the instrument readout.  [MED]

3.4.1. film as written

3.5. Go slowly because the response time of the instrument is delayed.  [3.5.1-CU] When an increased meter reading is observed, slowly sample the region until the maximum meter reading is obtained.  [3.5.2-CU]

3.5.1. detector display, showing how source is picked up and talent moving detector slowly

3.5.2. like previous shot, source is passed over several times to narrow down its precise location

3.6. Leave the probe inlet at this maximum reading location for about 20 seconds. [MED]

3.6.1. talent stops detector and holds it still for 20 seconds

3.7. If the meter reading is greater than 500 parts per million, record the result, and report it by taking a leak image. [LM]

3.7.1. To be provided by authors SCREEN CAPTURE of a reading greater than 500 ppm being recorded in tablet application

3.8. To scan for leaks using an infrared imaging device, such cameras can find leaks faster than a handheld detector. [LM]

3.8.1. To be provided by authors - Provide image or images of use of the camera
3.9. If a leak is detected, record a video or take an image for reporting purposes.  [LM]
3.9.1. To be provided by authors – video of leak – normal mode
3.9.2. Video of leak – high sensitivity mode
3.10. If a leak is found but the exact location is difficult to pinpoint, try using a leak detector solution. [3.10.1-MED] Hold the bottle upright and apply enough solution to cover the interface with the putative leak.  [3.10.2-CU] Then, allow 5 to 10 seconds for bubbles to form. [3.10.3-CU]
If it is too cold outside, just use the first sentence which introduces the idea and delete the other two.  Alternatively delete all of 3.10.
3.10.1. Unpacking leak solution and showing to camera

3.10.2. Applying solution to an area with a leak

3.10.3. solution bubbling showing location of leak
4. Quantifying Leak Rates
4.1. Quantify leaks as they are found or after taking a full inventory of all the leaks. [WID]

4.1.1.  [4.1.1 to 4.3.1 combined] unpacking of equipment at leak that is used for quantification
4.2. Prior to approaching the leak with the sample hose [4.2.1-MED] ensure that the grounding strap is in contact with the ground. [4.2.2-CU] Then, attach the sampler ground clamp to the leak source. [4.2.3-CU]

4.2.1. unraveling hose

4.2.2. checking grounding strap contact

4.2.3. attaching ground clamp to putative leak

4.3. Now, check multiple points around the area of the leak source. [CU] 
4.3.1. position the FFS hose at a leak site 

4.4. Next, open the iris duct on the intake of the blower [4.4.1-CU] to increase the volumetric flow so the peak methane concentration is within 10% of the highest calibrated value or is at least 2 parts per million higher than the background level. [4.4.2-LM]
4.4.1. opening the iris duct

4.4.2. To be provided by authors SCREEN CAPTURE of display/gauge showing flow – the flow increases/decreases as iris is adjusting on duct and methane concentrations climb to a high peak value 
4.5. Now, to quantify the leak, press the “new leak” button.  [CU]

4.5.1. pressing the button, showing the display

Will provide a screenshot as well
4.6. Next, select the local background option if there are other leaks in the area. Otherwise select the global background option. [CU]

4.6.1. select local/global, showing the display 

Will need to provide screenshot
4.7. Now, keep the hose still as the local background is sampled [4.7.1-CU] while the device is in the leak sampling position. [4.7.2-ECU]

4.7.1. talent holding device still while background reading is taken

4.7.2. detail of where the local background is read from the on device
May need to provide screen shot of Tablet
4.8. After reading the background, quantify the leak three times from the same position. [CU]

4.8.1. pressing the screen prompt for a reading 3X

Will need screenshot or delete
4.9. The system will analyze the three measurements and report the variance.  If the variance is above 10%, keep sampling until the variance is acceptable.  Otherwise, classify the leak as “variable” and record the suspected cause. [LM/CU]
4.9.1. To be provided by authors SCREEN CAPTURE if possible, otherwise use a CU of the screen showing the above described actions
4.10. When quantifying gas in an enclosure, [4.10.1-MED] alert the system using the Enclosure tab. [4.10.2-CU]

4.10.1. talent setting up to take sample from an enclosure

4.10.2. pressing the enclosure tab on the interface to take a sample
Will provide a screenshot
4.11. Wait for a steady reading before quantifying the gas.  The time this takes will depend on the size of the enclosure.  [LM]

4.11.1. To be provided by authors SCREEN CAPTURE - device reading from enclosure jumping around and then stabilizing

4.12. To take a bag sample for off site examination, [4.12.1-MED] simply collect gas from the outlet of the green house gas sensor.  [4.12.2-CU]

4.12.1. unpacking a sample bag

4.12.2. [combined with 4.12.1] attaching bag to outlet, it fills up, bag is removed and sealed

4.13. When doing this, record the sample’s identification number in the software and fill the bag using the on-screen timer. [CU/LM]

4.13.1. To be provided by authors SCREEN CAPTURE if possible, otherwise use a CU of interfacing with the software during a sampled collection
5. Results: Using a Calibrated System to Measure Green House Gas Leaks 
5.1. Prior to use in the field, the full flow sampling system was checked with a standard gas.  The system flow rate was set to 140 SCFM and gas was flowed to the system at 20 or 30 SCFM.  The measured values were within the expected 4.4%.

5.1.1. Table 1, TEXT:  standard cubic feet per minute (SCFM)
5.2. The sensor was calibrated using a known concentration of methane.  After applying an external correction, the average deviation from the known concentration was 0.7%, while individual measurements never deviated by more than 1.9%. 

5.2.1. Figure 6
5.3. Now, a continuous gas leak was measured in the field. 

5.3.1. Fig 7

5.4. First the background was determined.

5.4.1. Fig 7 – zoom on “a” region of bottom trace

5.5. As the leak was approached by the sensor, methane concentration measurements increased.

5.5.1. Fig 7 – pan over to the “b” region of bottom trace

5.6. At the leak, the peak measurement was taken.

5.6.1. Fig 7 – pan over to the “c” region of bottom trace

5.7. As the sensor moved away from the leak, lower measurements were recorded.

5.7.1. Fig 7 – pan over to the “d” region of bottom trace

5.8. With an IR camera, a plume from the leak was evident.

5.8.1. Fig8 left panel 

5.9. With the sampler in use, the camera could no longer capture the plume.
5.9.1. Fig 8 right panel
6. Conclusion (said by authors on camera)
6.1. Derek Johnson: After watching this video, you should have a good understanding of how to use the full flow sampling system to accurately quantify the mass emissions rate of a methane leak. Accurate mass based measurements are pivotal in determining total methane emissions, creating and updating greenhouse gas inventories, and developing component level emissions factors.
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.

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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