A Students Guide to the Mendota Flux Measurements
The Basics
· [bookmark: _GoBack]The chambers are located in AOS room 1553 on the right side of the lab in a large cardboard box. The box is open and all the hats inside are easy to spot. 
· There is a clear small tub with a lot of red wires in it, this tub is irrelevant. 
· There are 7 chamber hats in the box. Pick whichever ones you want to use, they’re all the same.
· The CO2 sensors, battery to sensor connectors, data communication cable, and batteries are in the flat cardboard box on top.
· This box should contain:
· 1 data communication cable (figure 1)
· 4 battery to sensor connectors (figure 2)
· 8 batteries
· 7 sensors:
· Sensor A (not working)
· Sensor B
· Sensor C
· Sensor D
· Sensor E
· Sensor F
· Sensor G
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Figure 1. Data communication cable.
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Figure 2. Sensor to battery connector. 

Important: when connecting the battery connector to the sensor make sure the colors on the wires match up when you connect them; i.e. the red wire attaches to the red wire, and the white/black wire connects to the black wire. 
· The sensor and battery protection boxes are in the cardboard box located underneath the flat cardboard box with the sensors in it (figure 3).
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Figure 3. Sensor (left) and battery (right) protection boxes.

Pre-preparations in the lab:
· Calibrate sensors according to the calibration instructions (explained below). 
· Prepare two chambers
· Check batteries with voltmeter  
· Keep an eye on the weather. Avoid going out during storms or high winds.
Measurements:
Sample every 4 hours over a 24 hour period. 
The goal is to collect CO2 flux measurements over a complete diel cycle and see how CO2 flux varies from day to night.  
1. Drive out to the buoy (see figure 4).
2. Use computer to start measurement
3. Place chambers into the water.
4. Make note of the start time and leave chambers in the water for 5 min.
5. After 5 min lift the chambers carefully and make note of the end time.
6. Open the valve and leave the chambers open to the atmosphere for at least 3 min to vent. While venting try not to breathe near the sensors. 
7. After venting, place the chambers back into the water and repeat steps 4-6 until you have 3 flux measurements. 
8. Once all the measurements are done, plug the sensors into the computer and stop the measurement.
Note: Ideally the flux measurements will be done using two chambers, just in case one doesn’t work. The best way to go about deploying two chambers, is to have two people conduct the measurements and each will be in charge of deploying one chamber. To make it easier, deploy the chambers at the same time. This simplifies making note of the start and end times. 
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Figure 4. Map of Mendota showing the location of the buoy. The buoy is bright yellow and can usually be seen from the Center for Limnology. When heading out to the buoy, head straight out from CFL and you will eventually see it. Try not to get as close to the buoy as possible to take the measurements but exercise caution and don’t run into it. At night the buoy has a blinking red light, making it relatively easy to spot.

Boat Reservation:
If you don’t already have a boating license, take the online boating safety course on the DNR website (http://dnr.wi.gov/topic/boat/).  
After completing the boating safety course, contact Dave Harring (dave.harring@wisc.edu) about learning how to use the CFL boats. He will just give a quick 20 min lesson on how to use the boats.
Once you learn how to use the CFL boats, you can reserve them by going to this link: http://reserve.limnology.wisc.edu/boats/Web/index.php?redirect=%2Fboats%2FWeb%2Fschedule.php%3Fsd%3D2017-07-23 
Chamber Construction:
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Start with one of the chamber hats and notice there are two holes (blue arrows). These holes will be used to attach the sensors to the hats.  
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Attach the sensor to the hat and make sure the screws are tight.
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Now you can attach the battery. While out in the field, this is the part where you’ll use the data communication cable to start the measurements. Once everything is ready, attach the sensor and battery protection boxes.   
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Attach the sensor box to the lid so the sensor is placed on the same side as the ventilation holes. Some of the condensation will stick on the sheet (instead of the sensor) and drain before reaching the sensor. When closing the boxes, make sure the cables are in a corner of the lid and not directly by a clasp.
General Chamber Placement: 
1. Place chambers in the open lake (i.e. away from the littoral zone, at the deepest point in the lake if it is feasible). Avoid generating turbulence with the boat engine or generating turbulence above the sediments with oars.  
2. Push the chambers gently down a bit into the water. Make sure that the chamber is sealed with the water surface (i.e. if there are waves you do not want the chamber to lift). 
3. Open the valves to equilibrate pressure inside chamber with the atmosphere and then close the valve for deployment. 
Note: Chamber will be placed into the water like this (figure 5), with the silver on top. Imagine the white table is the water.
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Figure 5.
How to use Senseair:
The software UIP5 for communicating with the sensors can be downloaded for free at http://www.senseair.se/products/software/uip-5/.
Connect and install the cable on the computer and open UIP5. Choose the menu Meter/Connection configuration. Choose the right COM port and make sure the box ModBus is checked and save the settings.
Connect a sensor (with the battery connected) and click on connection status in the bottom right corner of the screen (or Ctrl+d) to connect/disconnect a sensor.
In the control window (the lower right part of the screen) the “Logger” tab is used for starting and stopping measurements, setting log period, synchronizing logger time with computer time (RTC), read data to the computer (delivered as text files), and managing the logger memory. The tab“CO2” can be used for quick calibration as described below.
Note that the logger should always be battery powered when connected to the computer. Without battery power, connection to the computer will fail. With a bad battery (insufficient power) the sensor may return unrealistic ppm values while connected. If there are connection problems, the first step of problem solving should be to change to a new battery.
Log Period specifies the time between measurements in seconds. 
Note: All data in the log will be erased each time Log Period is changed. A measurement is started by clicking Start and stopped by clicking Stop. (Start Sleep specifies the delay from Start and before the first measurement starts.)
Note: Always set RTC (i.e. the computer clock time) before starting a measurement. In Logger Settings choose set RTC. If RTC is not set, the time stamps in the log file will be incorrect.
When doing the flux measurements on the lake, set the Start Sleep to 5s, the log period to 30s and set RTC.
To download the data, connect a sensor and choose Logger. Stop ongoing measurement, choose Read and then choose Export (if Export is not activated, try to disconnect and connect the sensor again). To control what data is exported, choose “save selected part” and “save only data records” in the export log window appearing. The log file is saved in the desired directory on the computer as a text file that is easily opened in e.g. Excel for further analysis.
How to Calibrate the Sensors:
The recommended calibration is a “zero calibration” i.e. repeated calibration cycles in CO2 free gas (we used N2). To do this, connect the sensor to UIP5, set the Start Sleep to 5s, the log period to 300s and set RTC. Disconnect without starting. Connect a jumper to the quick start pins and make note of the time. After the light stops flashing, connect another jumper to the zero calibration pins. See figure 6.
Side note: If you can’t find any jumpers in the lab you can wrap the pins in solder wire. 
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								Blue Circle = Quick start pins
								Red Circle = Zero calibration pins







Figure 6.
It is desirable to calibrate many sensors batch-wise. Place the sensors in a gas tight box, glove box, glove bag or similar and purge with a low but steady flow of nitrogen. In my case the best method was to use a large Ziploc bag with the tube supplying gas going into it (see figure 6). Closing the bag around the tube leaves room for gas to also flow out of the bag and circulate. It the gap it too big, and too much gas is escaping, tape can be used to make it smaller.
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Figure 7.
If the flow is too high the CO2 concentration will decrease too fast during each calibration cycle which will return an error message and automatically stop the calibration. When the sensors have been calibrating for a minimum of three hours in a zero CO2 atmosphere, remove the jumper from the zero calibration pins before next measurement cycle starts. Remove the quick start jumper and connect to UIP5 to confirm the sensor is calibrated.
After the sensors are calibrated, test them with a known CO2 gas concentration. 
I there are any problems reference Bastviken_etal_2015_supplement.pdf and CO2sensors manual_v3.pdf in the GLEON drop box. 
After the measurements:
To do the calculations, reference the previous Mendota flux spreadsheet. In the spreadsheet, go to the tabs labeled 1C, 1D, 2C, 2D, etc. and insert the values into the tables. The number on the tab refers to the measurement (there will be 7 measurements taken over the 24 hours) and the letter refers to the sensor the data came from. Look at the start and stop times of the measurements and insert that data into the tables. The tables will automatically plot the data and calculate the slopes. Don’t forget to fill out the “measurement times” table in all the measurement tabs. 
Contact Jonathan Thom to get the buoy data and the pressure data from the roof for the times of the 24 hour measurements. Insert the appropriate data into the Data tab on the spreadsheet. For the pressure roof data, convert to Pa. In the final calculations the pressure will automatically be adjusted to ground level.  
Note: The buoy and roof pressure data are in UTC and need to be converted to CST. Add 5 hours to when the measurements were conducted to find the correct time. 
Lastly, go to the “flux calculations” tab and change the flux times for the table at the bottom if they’re different.
Challenges and Tips:
I would highly recommend practicing taking the flux measurements out on the water. Just off the CFL dock is a good place to practice. It helps to get comfortable with the sensors and Senseair software. 
Make sure all the connections are good before measurements. Most of the problems came from the sensor momentarily losing power and messing up the time stamp (see figure 8). It was hard to figure out the start and stop times when the time stamp were messed up. 
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Figure 8. Example of what happens when there’s a bad connection or low battery. 
If the time stamp did get messed taking the measurements, the best way to see when the chamber was put into the water is to graph the relative humidity (figure 9).
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Figure 9. Relative humidity graph.
On the graph you will notice three instances when the RH is constantly increasing. This is what happens when the chamber is placed into the water. Find the points at the bottom of the line and at the peak, these will be your start and end points.
If the wind speeds are in the teens and there’s white caps on the water, don’t even try to go out, it will end up being a rather unpleasant experience.
While doing measurements at night I would highly recommend bringing a head lamp, it makes things a lot easier. 
When going out on the boat, put all the equipment into a plastic storage bin. There should be a black one in room 1553 right next to the other equipment. This will protect everything from getting wet during transport. 
Good luck, be safe.
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