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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) no  (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)__no__ 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 using the step numbers listed in this document. ____2.6, 4.3, 4.4, 5.3, 5.4, 5.5, 5.6 – Authors, the step numbers have been updated to match this document for the benefit of the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.______none. The steps are all pretty straight forward and simple____________________
E.  Will the filming need to take place in multiple locations? (Y/N) no If yes, how far apart are the locations? __unless you would like to go to a conference room for some of
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 develop a soil tank apparatus and associated protocol to experimentally study the effects of atmospheric forcings on evaporation. (Intro)
This is accomplished by first constructing a two-dimensional bench scale soil tank. (P1)
Editors, for this schematic, the goal is for the instrument they are building to visually come together.  For this purpose, the authors have provided “WT_APPARATUS with layers.ai.”  I will also refer to figures 1 and 2.  To begin, start with the figure of the soil tank in figure 1a.  The tank should be clear as in figure 2, because this is before the addition of soil.  The sensor location grid can appear at this point.  Also include the “drainage valve and tube” and the footings for the tank as shown in figure 2. 
The second step is to construct a climate controlled wind tunnel apparatus that interfaces with the soil tank. (P2)
As this point is narrated, transition to the instrument as it is shown in figure 2 with some exceptions.  To achieve this, simultaneously zoom out a little and bring in the wind tunnel on the top of the soil tank.  Exclude all the sensors from the wind tunnel at this point.
Next, the wind tunnel and soil tank are instrumented with various sensor technologies used to measure soil moisture, temperature, relative humidity and wind speed. (P3)
As this point is narrated, bring in the “Relative Humidity/Temperature Sensors” and the corresponding label (4 circles toward the center of the tunnel – two of which are labeled with arrows).  Then zoom into the soil tank and rotate to the side view to result in the figure shown in 1b.  Show a clear version of this illustration (without the brown soil) and simultaneously animate the insertion of the 5 soil moisture sensors, the 5 temperature sensors and the relative humidity sensor (bring in from the top.) 
The final step is to pack the soil tank with soil and water, determine the desired atmospheric forcings and start the experiment.  Ultimately, this experimental apparatus can be used to generate data under well controlled boundary conditions, allowing for better control and gathering of accurate data at scales of interest not feasible in the field.   (P4)
As this point is narrated, rotate back to the front view of the tank/wind tunnel.  At this point, lift up the apparatus and place on the “weighting scale” shown in figure 2.  Then use the scoop in “WT_APPARATUS with layers.ai.” to animate the addition of scoops of soil into the tank.  Transition to the tank full of soil and bring in the heat and lines and wind arrows as shown in “WT_APPARATUS with layers.ai.”  Perhaps animate the heat waves by making them appear wavy and wiggling and the wind blowing by making the arrows pulse on and off.
The results reveal that induced airflow at several distinct wind speeds over the soil surface results in unique behavior of heat and mass transfer during the different evaporative stages. (P5)
As this point is narrated, transition to figure 8.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Kate Smits:  The main advantage of this procedure over existing methods is that it allows for the generation of precision datasets that can subsequently be used to validate numerical models and study the interdependency of soil properties and processes (1.1.1 - MED).  
1.1.1. Kate narrates above toward camera, interview style
1.2. Kate Smits:  Data available from field sites are often incomplete and costly to obtain, and the degree of control needed to obtain an understanding of processes and to generate data for model validation could, in some cases, be considered inadequate.  This procedure allows atmospheric conditions like temperature, relative humidity, wind speed, and soil conditions to be carefully controlled (1.2.1 - CU).   
1.2.1. Kate narrates above toward camera, interview style
1.3. Andrew Trautz:  Though this method can provide insight into evaporation, as demonstrated here, it can also be applied to other issues that require an understanding of the interaction between the land and atmosphere such as leaking of geologically-sequestered carbon dioxide in soil, climate change, water and food supply, the accurate detection of landmines, and the remediation of ground water and soil (1.3.1 – MED).  

1.3.1. Andrew narrates above toward the camera, interview style.
1.4. Kate Smits:  Along with my graduate student Andrew Trautz (1.4.1 – MED), Victoria Eagen, an undergraduate student from my laboratory will be demonstrating the procedure (1.4.2 – MED). 
1.4.1. Kate narrates above toward camera, interview style
1.4.2. Victoria looks up from her workspace and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Construction and preparation of porous media soil tank

2.1. To begin, cut a large piece of 1.2 centimeter thick acrylic glass into five individual panes (2.1.1 – MED).  Acrylic glass allows processes in the subsurface to be visually observed (2.1.3 – MED).
2.1.1. Talent begins to cut the acrylic glass.
2.1.2. Open-topped soil tank as talent assembles the panes there.  Continue action in next shot.
2.1.3. Talent continues to assemble the 5 panes of glass.
2.2. Next, draw a 5 by 5 grid that is 25 centimeters by 25 centimeters on each of the two large glass panes (2.2.1 – MED-over the shoulder).  Ensure that each square within the grid has an area of 25 square centimeters.  The grid will be used to properly space the sensors within the soil tank (2.2.2 – CU).
2.2.1. Talent draws a 5x5 grid on one of the large glass panes.
2.2.2. One of the glass panes as talent measures each square with a ruler to ensure it is the proper size. 
2.3. On one of the large glass panes, drill a total of twenty-five 1.9 centimeter diameter holes for the soil moisture sensors (2.3.1 – MED-over the shoulder). 
2.3.1. Talent brings the drill to the large glass panes and begins to drill the holes.  Action continued in next shot. 2.3 and 2.4 was combined into one step/shot of the talent drilling out multiple holes for the sensors.  This is shot #2.4.1.  Text can remain the same
2.4. Drill each hole in the center of every square in the grid so that the centers of the holes of two abutting squares are 5 centimeters apart.  The first set of holes is 2.5 centimeters below the top of the tank (2.4.1 – CU). 
2.4.1. Glass pane as talent continues to drill each hole in the center of each square as described.  Include the drilling of some of the first set of holes to show they are 2.5 centimeters from the top of the tank.
2.5. Use appropriately sized taps to cut threads into each of the newly created holes (2.5.1 – MED).  The 5 centimeter spacing between sensors ensures that each sensor is outside of the sampling volume of the next closest sensor (2.5.2 – CU).
2.5.1. Talent uses a tap to cut threads into the first few holes.
2.5.2. Glass pane as talent continues to cut threads into the drilled holes using the tap.
2.6. In the same manner, drill and tap a total of twenty-five 0.635 centimeter diameter holes in the center of each grid box on the other glass pane (2.6.1 – MED-over the shoulder).  
2.6.1. Talent drills 0.635 centimeter diameter holes on the other glass pane.
2.6.2. Added shot: Talent tapping threads in sensor holes in the glass pane.
2.7. On the acrylic pane used as the bottom of the tank, drill and tap a single half inch diameter hole in the middle of the pane (2.7.1 – CU).  Glue a mesh screen over the hole on the internal side of the glass (2.7.2 – MED).
2.7.1. Acrylic pane used as the bottom of the tank as talent drills and taps a single half inch diameter hole in the middle of the pane.
2.7.2. Talent glues a mesh screen over the hole on the internal side.  
2.7.3. Added shot: Talent tap threads in sensor holes – bottom of tank NOTE: shot 2.7.3 need to go before shot 2.7.2
2.8. On the external side of the bottom plane, install a 90 degree elbow that is attached to flexible tubing with an adjustable valve (2.8.1 – MED-over the shoulder).  This valve and tubing is used to drain water from the tank at the termination of an experiment or as a way to install constant head devices for maintaining constant water table depths (2.8.2 – CU). 
2.8.1. Talent begins to install a 90 degree elbow that is attached to flexible tubing with an adjustable valve.  Continue action in next shot.
2.8.2. Elbow with attached flexible tubing and adjustable valve as talent continues to install.
2.9. Use marine grade glue or similar water resistant polymer adhesive to attach and seal the tank together.  Allow the adhesive to cure for one day (2.9.1 – MED-over the shoulder).
2.9.1. Talent glues the tank together.
2.10. To raise the tank off of the ground and make room for the 90 degree elbow, attach two additional pieces of 1.2 centimeter thick acrylic glass with a length of 12 centimeters and a height of 5 centimeters to the bottom of the tank (2.10.1 – MED). 
2.10.1. Talent attaches two pieces of acrylic glass to the bottom of the tank.
3. Construction and preparation of climate controlled wind tunnel
3.1. Construct the 215 centimeter long upstream portion of the wind tunnel out of rectangular galvanized steel ducting material that has a width of 8.5 centimeters and a height of 26 centimeters (3.1.1 – MED).  Surround the outside of the duct with insulation (3.1.2 – CU).
3.1.1. Talent constructs the long upstream portion of the wind tunnel out of rectangular galvanized steel ducting material.
3.1.2. Duct as talent surrounds with polystyrene insulation.  
3.2. Next, install five ceramic infrared heating elements positioned in parallel within a reflector along the length of the upstream portion of the wind tunnel (3.2.1 – MED-over the shoulder).  Connect the infrared heating elements to a temperature control system regulated by an infrared temperature sensor (3.2.2 – CU).
3.2.1. Talent installing the ceramic infrared heating elements.
3.2.2. Infrared heating elements as talent connects to a temperature control system. 
3.3. Construct the mid-section of the wind tunnel out of two 1.2 centimeter thick acrylic panels with a length of 25 centimeters and a height of 26 centimeters (3.3.1 – MED).  Secure the acrylic panels to the top of the soil tank side walls using a strong adhesive tape, ensuring that the wind tunnel and soil tank panels sit flush with one another (3.4.1 – CU). Drill two 0.635 centimeter diameter holes in one of the mid-section panels to insert the temperature and/or relative humidity-temperature sensors (3.3.2 – MED-over the shoulder). 
3.3.1. Talent constructs the mid-section of the wind tunnel.
3.4.1 moves before 3.3.2.  3.4 voice stuff was incorporated above into 3.3
3.3.2. Drilled holes as talent inserts a combined relative humidity-temperature sensor. 
3.4. Secure the acrylic panels to the top of the soil tank side walls using a strong adhesive tape, ensuring that the wind tunnel and soil tank panels sit flush with one another (3.4.1 – CU). 
3.4.1. Soil tank as talent secures the acrylic panels to the top of the soil tank side walls using a strong adhesive tape.
3.5. Then, construct the first 50 centimeters of the downstream portion of the wind tunnel out of the same size rectangular ducting material as before (3.5.1 – MED).  On the terminating side, reduce the rectangular ducting material to a 15.3 centimeter diameter round duct with a length of 170 centimeters (3.5.2 – MED-over the shoulder).  Install a galvanized steel damper, used to adjust wind speeds, at the far downstream end of the round duct for aid in wind speed control (3.5.3 – CU). 
3.5.1. Film as written.
3.5.2. Film as written.
3.5.3. Galvanized steel damper as talent installs at the downstream end of the round duct.
3.6. Next, install an in-line duct fan in the middle of the round duct oriented to expel air from the downstream portion of the wind tunnel (3.6.1 – MED-over the shoulder).  Interface the fan with a variable speed controller for more precise control of rotational frequency, and as a result wind speed (3.6.2 – CU).
3.6.1. Film as written.
3.6.2. Variable speed controller as talent interfaces the fan with it.
4. Installation of Sensors
4.1. Prior to installation within the soil tank, secure each soil moisture and temperature sensor within a threaded NPT housing and seal with flashing sealant to prevent moisture intrusion (4.1.1 – MED-over the shoulder).  Do not use silicone-based sealant products as they can interfere with the electronics within some sensors.  Cure the sensors for approximately one week. (4.1.2 – CU).
4.1.1. Talent secures the combined relative humidity-temperature sensors within the threaded NPT housing. 
4.1.2. Sensor secured in NPT housing as talent seals with flashing sealant.
4.2. Wrap the threads of each NPT housing with plumbers tape prior to installation in the tank to help provide a better seal between the NPT threading and acrylic glass (4.2.1 – MED).
4.2.1. Film as written.
4.3. Then, install a total of 25 soil moisture and temperature sensors each horizontally through the walls of the tank at the grid locations (4.3.1 – MED-over the shoulder).  Twist the sensor cables in sync with the NPT housing so as not to damage the internal wiring within the cables.  Do not over-torque the NPTs so as to prevent the glass from cracking (4.3.2 – CU).  Once in place, connect the soil moisture sensors and temperature sensors to their designated data loggers (4.3.3 – MED). 
4.3.1. Talent installs the soil moisture and temperature sensors in the proper locations.
4.3.2. Sensors as talent carefully twists the cables in sync with the NPT fitting.
4.3.3. Talent connects the soil moisture sensors and temperature sensors in their data loggers.
4.4. Next, install 3 relative humidity-temperature sensors on the soil surface at distances of 2.5, 12.5 and 21.5 centimeters from the leading edge of the tank (4.4.1 – MED).  The sensors should be placed in good contact with the soil surface so that the relative humidity readings reflect the conditions at the soil surface rather than the surrounding air (4.4.2 – CU).  Connect the sensors to data loggers (4.4.3 – MED-over the shoulder).
4.4.1. Talent begins to install the relative humidity-temperature sensors at the proper distances.  Continue action in next shot.
4.4.2. Sensors as talent continues to install them.
4.4.3. Film as written.
4.5. Install a pitot (pronounced as “pee-toh”)-static tube directly downstream of the soil tank through the hole drilled in the top of the downstream wind tunnel section (4.5.1 – MED).  Hold the pitot-static tube at the desired height from the floor of the section.  Then, connect the tube to a differential pressure transducer (4.5.2 – CU).
4.5.1. Talent installs the pitot-static tube directly downstream of the soil tank.
4.5.2. Pitot-static tube as talent holds it at a height of 13 centimeters the desired height from the floor of the section and connects it to the differential pressure transducer.
5. Pack the soil tank and the start of the experiment
5.1. Prior to packing the tank with soil, test its integrity by performing a leak test (5.1.1 – MED).  Fill the tank with water and wait for 4 to 6 hours to ensure that no leaks in the structure or sensors have developed (5.1.2 – CU).
5.1.1. Talent motions to fill the tank with water.
5.1.2. Tank as it is filled with water.  TEXT Overlay:  see text for if leak develops
5.2. After performing the leak test and draining the tank, obtain dry soil to pack the soil tank (5.2.1 – MED-over the shoulder).  Characterize the hydraulic and thermal properties of the selected soil separately in accordance with previously published methods (5.2.2 – MED).
5.2.1. Talent obtains dry soil.  
5.2.2. Talent performing a step in characterizing the hydraulic and thermal properties of the selected soil.  Close up of sand.  (could not perform the suggested activity)TEXT Overlay:  Smits et al. 2010  
5.3. Carefully wet-pack the soil tank using soil and deionized water.  To wet-pack the soil tank, first pour approximately 5 centimeters of water into the tank (5.3.1 – MED).  Using a scoop, slowly add dry soil to the water in the tank in 2.5 centimeter depth increments (5.3.2 - CU).  Record the weight of the sand added during each lift so the porosity of the soil packing can be calculated (5.3.3 – MED-over the shoulder).
5.3.1. Talent pours water into the tank.
5.3.2. Tank with water as talent uses a scoop to add soil in the first 2.5 centimeter increment.
5.3.2.1 Added step: PU
5.3.3. Talent records the weight of the soil. 
5.4. Upon completion of each layer, repeatedly tap the tank walls 100 to 200 times using a rubber mallet to obtain a uniform bulk density throughout (5.4.1 – MED).  While tapping, avoid contact with the sensors and sensor wires. The use of vibratory devices should be avoided so as not to damage the network of sensitive sensors (5.4.2 – CU).
5.4.1. Talent taps the tank walls using a rubber mallet.
5.4.2. Tank as talent continues to tap the walls, avoiding the sensors and sensor wires. 
5.5. Place the tank on a weighting scale to monitor cumulative water loss which can in turn be used to calculate evaporation rate (5.5.1 – MED-over the shoulder). 
5.5.1. Talent places the tank on the weighting scale to monitor cumulative water loss.
5.6. Once the set-up is complete, determine the desired atmospheric conditions (5.6.1 – CU).  Ensure that the data loggers and other data acquisition systems are turned on and set to the correct sampling intervals (5.6.2 – MED-over the shoulder). 
5.6.1. Notebook as talent writes down the desired atmospheric conditions such as temperature and wind speed.
5.6.2. Talent turns the data loggers and other data acquisition systems on and sets to the correct sampling intervals.
5.7. Start the fan and temperature control system (5.7.1 – CU).  Allow the climate conditions to equilibrate before removing the plastic cover on the surface of the soil tank (5.7.2 – MED).  Finally, run the experiment for the desired length of time (5.7.3 – WIDE). 
5.7.1. Fan as talent starts it.
5.7.2. Talent approaches the tank and removes the plastic cover on the surface of the soil tank.
5.7.3. Talent begins the experiment, or perhaps inspects it to make sure it is running properly, and walks out of the scene, leaving the experiment to run.
6. Results: Effects of atmospheric forcings on evaporation
6.1. The combined wind tunnel and soil-tank apparatus was used to perform a series of experiments in which different boundary conditions at the soil surface were applied (6.1.1 – LM). 
6.1.1. Figure 2 
6.2. Although four experiments at different wind speeds and temperatures were performed, the majority of experimental results presented here are for a wind speed of 1.22 meters per second (6.2.1 – LM). 
6.2.1. Table 3.  Editors, please highlight the 1.22 as narrated.
6.3. The relative humidity of the soil surface decreases over time… while the temperature of the soil surface shows an increasing trend over time before stabilizing.  These trends were observed in all four experiments and can be explained in terms of the soil drying (6.3.1 – LM). 
6.3.1. Figure 3.  Editors, please highlight the solid red and blue lines as the first part of the first sentence is narrated.  Then highlight the dotted red and blue lines as the second part of the first sentence is narrated.
6.4. Surface temperature and wind velocity are less influential on local temperatures at greater depths – showing no effect at depths below 12.5 centimeters (6.4.1 – LM). 
6.4.1. Figure 5a.  Editors, please highlight the dashed green line as this point is narrated.
6.5. Saturation can be related to the different stages of evaporation, which are defined by differences in evaporation rates, location of the drying front, and dominant transport mechanisms (6.5.1 – LM). 
6.5.1. Figure 6a
6.6. Increasing wind speed leads to an increased evaporation rate and shortened Stage I evaporation duration.  Increasing wind speed beyond 3 meters per second however, shows little additional impact on Stage I evaporation.  Stage II evaporation, governed primarily by properties of the porous medium, appears to be independent of or only slightly influenced by wind speed (6.6.1 – LM).  
6.6.1. Figure 8.  Editors, please highlight the red line and the purple dotted line as the second sentence is narrated.
7. Conclusion (said by authors on camera)
7.1. Kate Smits: This experimental protocol is applicable to a variety of environmental conditions to include changes in soil conditions, climate boundary conditions or subsurface conditions (7.1.1 – MED). 
7.1.1. Kate narrates above toward camera, interview style
7.2. Andrew Trautz: The dimensions and sensor layout of the described apparatus can be modified to address the needs of different experiments.  In addition, the packing procedure can similarly be modified to account for different packing configurations such as varying porosity conditions and soil heterogeneity (7.2.1 – MED).
7.2.1. Andrew narrates above toward 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.
WT_APPARATUS with layers.ai

Figure 2 
Table 3
Figure 3 
Figure 5a
Figure 6a
Figure 8
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.
( 2013, Journal of Visualized Experiments


