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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes 

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? 
The most vital steps are highlighted.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?
Setting up mousedrop to match the flume (3.1.2 and 3.1.5) and measuring flume characteristics (2.1.6.2)
E.  Will the filming need to take place in multiple locations? No
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to demonstrate hyporheic (Pronounce: hīpəˈrēik, sort of like: HYPE or rhe ick) flow experimentally, using modeling software that creates a simulation which agrees strongly with the physical experiment. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Susa Stonedahl: This method can help demonstrate key concepts in the field of hydrology by showing how the flow of water through sediments under a stream is Influenced by sediment topography and surface water properties.
1.2. Kevin Roche: While this method can be used to investigate hyporheic flow, it can also be used in educational laboratories to demonstrate hyporheic flow to students of all levels. 
1.3. Forrest Stonedahl: The main advantage of this technique is that it couples physical laboratory experiments with interactive computer software that simulates the same phenomenon.

1.4. Aaron Packman: Visual demonstration of this method shows the spatial similarities and discrepancies between the physical experiments and the simulations, which encourages the development of a deeper understanding of hyporheic principles.

Protocol (read by voice talent at JoVE):
2. Preparing the Bedforms
2.1. Begin with installing the required software, [2.1.1-WID] which is NetLogo and two scripts to run in NetLogo: mousedrop and interface. [2.1.2-MED/TEXT]
2.1.1. Establish setting, talent gets seated at computer
2.1.2. Talent loading software onto computer, TEXT: http://ccl.northwestern.edu/netlogo. http://modelingcommons.org/browse/one_model/4259, http://modelingcommons.org/browse/one_model/4258
2.2. Next, following instructions in the text protocol, set up the laboratory flume [2.2.1-WID] so that all parameters fall within the mousedrop simulation parameter range constraints.  [2.2.2-LM]

2.2.1. Pan over the flume set up

2.2.2. Table 1

2.3. Run the flume for 12 to 24 hours to create a bedform with the desired characteristics.  [2.3.1-WID] 

2.3.1. Talent starts water running over bedform

2.4. Adjust the flume slope and water depth to achieve [2.4.1-WID] a uniform flow over the bedform.  [2.4.2-MED]

2.4.1. Making adjustments to the flume slope, showing the range of potential slopes

2.4.2. Water flowing over bedform again, longitudinal angle from top to bottom

2.5. The goal is for the sediment grains and bedforms not to appear to be moving, [2.3.2-CU] although a little movement may be unavoidable. [2.3.3-ECU]

2.5.1. Focus on area of bedform with most turbulent water 

2.5.2. Focus further in on area above, showing the sediment is not moving

2.6. First make the flow uniform.  While the pump is running, select two points at the bottom of the flume [2.6.1-MED/CU] and record the distance to the water surface from for each line. [2.6.1-CU]
This part was weird, but I wasn’t sure what it was trying to say.  I did 2 takes.
2.6.1. Pointing out the lines

2.6.2. Making measurements at the lines

2.7. Then, adjust to the slope of the flume [2.7.1-MED] or the water depth [2.7.2-MED] until these vertical distance measurements are the same. [2.7.3-CU]

2.7.1. Adjusting flume slope

2.7.2. Adjusting the water level

2.7.3. Pan along the lines showing similar distances at each 

2.8. Second, stop the pump and wait for the water to stop moving. [WID]

2.8.1. Film as written

2.9. Then, at the same locations as before, measure the distances from the bottom of the flume to the water surface and measure the distance between these vertical measurements. [2.9.1-WID]

2.9.1. Measuring the water to edge distance all along the flume
2.9.2. Measuring the distance between the vertical measurement locations

2.10. Calculate the channel slope as the difference between these measurements, divided by the sloped horizontal distance between them. [LM]

2.10.1. Flume_slope_diagram_SW.png

2.11. Now, re-start the pump and select a test section.  Choose a location near the middle [2.11.1-MED] or downstream end of the flume where dunes have formed a regular pattern.  [2.11.2-MED] This section must encompass at least one full bedform. [2.11.3-CU]

2.11.1. Water started up and talent looking over central bedform

2.11.2. Looking over the bottom end bedform

2.11.3. Detail of area where dunes are in a regular pattern, showing a full bedform appropriate for a test section

2.12. In the test section, make a few measurements using a transparent ruler.  [MED]

2.12.1. Arrives to test section with ruler and pushes ruler into sediment

2.13. First, determine the average sediment depth, by taking measurements at a dune trough [2.13.1-CU] and at a dune crest.  [2.13.2-CU]

2.13.1. Taking sediment depth measurement at a trough

2.13.2. Taking sediment depth measurement at a crest

2.14. The difference between these measurements is the bedform height. [CU]

2.14.1. Talent writes measurements from 2.13 in logbook and subtracts the smaller from the larger to get the bedform height

2.15. Next, find the average water depth, which is [2.15.1-CU] the distance from the water surface to the average sand bed depth. [2.15.2-CU]

2.15.1. Measuring distance from water surface to bedform at trough

2.15.2. Measuring distance from water surface to bedform at crest

2.16. Then, measure and record the average bedform wavelength, [2.16.1-MED] by measuring the distance between successive dune crests. [2.16.2-CU]

2.16.1. Measuring between dune crests

2.16.2. Repeating above, in detail

2.17. Next, record the channel flowrate from a flowmeter in the recirculation loop, [2.17.1-MED] and calculate the average flow velocity. [2.17.2-CU/TEXT]
2.17.1. Reading the flowmeter, show that it is in the recirculation loop

2.17.2. Making note of flowrate in logbook, TEXT: Velocity = Q • d-1 • w-1,  Q = flowrate, w = width of the flume, d = water depth.  

2.18. Now, open the Mousedrop simulation and check that all these measurements [2.18.1-MED] are within the ranges specified in the user interface. [2.18.2-LM]

2.18.1. Talent opens software, starts comparing logbook values to simulator values

2.18.2. Figure 2

2.19. If a measured parameter falls outside of the constraint range, adjust the parameter range by right-clicking on the “slider”, selecting “edit”, and adjusting the minimum and maximum values.  [LM]
2.19.1. To be provided by authors – make a screen capture video demonstrating adjustment of a parameter range as described
3. Visualizing Hyporheic Exchange
3.1. First, set up a camera on a tripod pointed orthogonally to the flume wall. [3.1.1-WID] The picture should be centered on a single bedform in the test section. [3.1.2-ECU]

3.1.1. Setting up the camera on tripod

3.1.2. Take a video of camera’s theoretical view from the tripod position – show the bedfrom being brought into focus with some reflections muddling the view, this continues into 3.3.1 (see below)

3.2. If reflections are a problem, fix the position of the camera and adjust the lighting.  [WID]

3.2.1. Making adjustments to room lighting and camera angle

3.3. Including a ruler in the picture can help with scaling. [CU]

3.3.1. continuing 3.1.2, reflections are now eliminated and a ruler is brought into the view

3.4. Next, using a syringe and needle, [3.4.1-MED] make two or three small dye injections near the flume wall. [3.4.2-CU]

3.4.1. Preparing the dye in the syringe and attaching the needle

3.4.2. Making an injection near flume wall, show top view, to see distance to wall

3.5. These injections should form two centimeter patches of colored porewater [3.5.1-ECU] that should be placed at a variety of vertical [3.5.2-MED] and horizontal locations. [3.5.3-ECU]

3.5.1. A 2-cm patch of water colored by dye getting injected into flowing water

3.5.2. Adding other injections elsewhere in the flume

3.5.3. show an injection placed more deeply than the others

3.6. Record the start time of the dye injections and take an initial picture. [WID]

3.6.1. Talent takes note in log book and takes photo with camera

3.7. It can be educational to use transparency paper to trace the [3.7.1-WID] initial dye fronts and the boundaries around the dye. [3.7.1-MED]  Thus, it is easier to observe their movements in the lab, but, this method has its tradeoffs. [3.7.3-MED]
3.7.1. Setting up the transparency paper
3.7.2. Making marks on transparency paper
3.7.3. Unfurling a completed paper with marks of a whole experiment
3.8. Using the camera, capture the dye fronts’ positions at the appropriate time intervals. For time lapse photography, use 30 second intervals for smooth results. [LM]
3.8.1. To be provided by author: a time-lapse series 
4. Running the Simulation
4.1. For a simulation, first run Mousedrop and compare the results with the observed dye transport.  [WID]

4.1.1. Talent getting situation at computer and opening software

4.2. In Mousedrop, adjust the physical system parameters to match the flume’s experimental conditions.  Be sure to pay careful attention to the units when entering these parameters.  [LM]

4.2.1. To be provided by authors – screen capture of the above described action

4.3. Next, adjust the sliders to indicate at what times the simulation tracking color will change.  Set these color changes to match the observed times.  If the Time parameters are all set to zero, the simulation will display a single color throughout. [LM]

4.3.1. To be provided by authors – screen capture of the above described action

4.4. After all the parameters are set, click the setup button.  The bedform should appear in the simulation view. [LM]

4.4.1. To be provided by authors – screen capture of the above described action

4.5. Next, click the mouse-drop button to indicate the starting locations of the virtual tracers. Multiple locations in the bed may be clicked - hold the mouse down to release more virtual tracer.  [LM]

4.5.1. To be provided by authors – screen capture of the above described action

4.6. Once all of the virtual tracers have been placed, you can click the Advance to next time button to run the simulation until Time1. Do not re-click the setup button, or the tracers will have to be placed again. [LM] [LM]
4.6.1. To be provided by authors – screen capture of the above described action

4.7. You can also click the go/stop button to run the simulation.  The tracers will keep moving until all virtual tracers have left the system unless you hit the go/stop button again.  This can be used to pause the simulation, so comparisons can be made between the simulated and measured dye distributions [LM]

4.7.1. To be provided by authors – screen capture of the above described action

4.8. Once the simulation starts running, the velocity is calculated for the location of each tracer based on the simulation parameters.  The tracer moves to a new location using that velocity. Then the procedure is repeated until the tracer leaves the system. [LM]

4.8.1. To be provided by authors – screen capture of the running simulation

4.9. The go/stop button can be used to pause the simulation, so comparisons can be made between the simulated and measured dye distributions. [LM]

4.9.1. To be provided by authors – screen capture of the above described action

4.10. Next, run the interface simulation by clicking setup followed by go/stop.  This will run the simulation with the default settings.  The Interface simulation introduces the virtual tracers on the stream-bed surface in a flux-weighted manner based on the calculated subsurface velocities. [4.10.1-LM] [4.10.2-LM]

4.10.1. To be provided by authors – screen capture of the above described action

4.10.2. ParticleDemodataface_2.psd – shouldn’t be needed
Authors, despite having Figures 1 and 3 at our disposal, screen capture videos are preferable to still images so mouse-click actions can be seen and learned from.

4.11. By default particles leave paths showing where they have been.  Turn the show-paths? button to off to eliminate these paths. Turning the re-drop? switch to on disables the cumulative residence time distribution plot and releases a new particle each time one exits the system. [4.11.1-LM] [4.11.2-LM]

4.11.1. To be provided by authors – screen capture of the above described action

4.11.2. Figure1 parameters_2.psd – shouldn’t be needed
4.12. After observing the simulation with the default parameters, click go/stop to stop the simulation.  Then, change one or more parameters.  Restart the simulation with the new parameters by clicking setup followed by go/stop.  Here we adjusted the BedformHeight, ran the simulation and then repeated the process adjusting the BedDepth. [LM]

4.12.1. To be provided by authors – screen capture of the above described action

5. Results: Modeling a Complex System
5.1. To compare the simulation to the experimental results, the initial photograph was used to determine the placement of the simulated dye tracer at time zero. [LM]

5.1.1. To be provided by authors, like left two panels of Fig 4

5.2. Then the simulation was run for 30 minutes and compared with a photograph taken at that time.  [LM]  
5.2.1. To be provided by authors, like right two panels Fig 4

5.3. Overall, the model did an excellent job.  Each dye blob moves in the same general directions as the model and deforms similarly to the simulated dye blobs.  However, careful inspection shows some discrepancies, for instance the dye blob on the right forms more of a bean shape than the simulation.  This is probably due to the observable dip in the bedform topography immediately above this blob, which was created during its injection into the sediment.  Another common discrepancy is timing, which was also not perfect.  This is likely due to slight errors in the sediment property measurements. [LM]

5.3.1. To be provided by authors – paired time lapse and simulation 

To all: The blanks here are left purposely.  Until the authors provide the media, it can not be accurately described. -Steven

5.4. Common discrepancies are formed from a combination of measurement errors and second-order physical effects due to irregular bedform geometry, variability in sediment packing, and so forth. [LM]
5.4.1. Table 2
6. Conclusion (said by authors on camera)
6.1. Aaron Packman: Once mastered, this technique can be done in 24 hours.
6.2. Forrest Stonedahl: While attempting this procedure, it’s important to let the bedforms stabilize, be patient, and pay attention to units, while making and entering measurements.
6.3. Kevin Roche: Following this procedure, other experiments can be performed in order to answer additional questions about the influence of topography, hydraulic conductivity, and surface water properties on hyporheic flow.
6.4. Susa Stonedahl:  After watching this video, you should have a good understanding of how to visualize hyporheic flow experimentally and how to use our computer simulations.

Provided Media

2.10.1- Flume_slope_diagram_SW.png – flume measurement figure

2.18.2 - ParticleDemo4_nondimforlength interfacezoom_2.psd – Mousedrop

3.8.1 - The time lapse video of dye moving will be supplied later (to match video) created the night before filming.
4.10.2- ParticleDemodataface_2.psd – Interface
4.11.2- Figure1 parameters_2.psd – Parameter definitions and settings controlled by the user 

These two figures shouldn’t be needed.  The required screen captures will supersede their use.

5.1.1 – pictures from the day of filming, so that it would match the video and time-lapse video. 

5.2.1 – pictures from the day of filming, so that it would match the video and time-lapse video. 

5.3.1 – time lapse video to be created matched to computer simulation

5.4.1 – Table 2 – various factors that complicate the simulation

Yes, just upload figures that better match as you suggested.  Provide their names here.

3.8.1 - The time lapse video of dye moving will be supplied later (to match video) created the night before filming.
5.1.1 – pictures from the day of filming, so that it would match the video and time-lapse video. 

5.2.1 – pictures from the day of filming, so that it would match the video and time-lapse video. 

5.3.1 – time lapse video matching simulation to dye
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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