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Subnivean Comfort

Middle School Science topic: Winter Ecology

Materials: TI Graphing Calculator, DataMate program, CBL 2 or LabPro interface, 2 temperature probes

Objective: Students will measure and compare the air temperature inside a snow shelter and the outside air temperature. If students choose to sleep in the shelter they will use the temperature measurements to confirm what they discover experientially; that snow is a great insulator!

BACKGROUND

When air temperatures dip well below freezing snow becomes an essential component for the survival strategy of many living things. When the temperatures go below  –25C the ability to insulate yourself below the snow can mean saving digits or even your life if you are outside for the night. Snow shelters have their origins with the Athapaskan people of the subarctic regions of Canada and Central Alaska. Quinzhee is an Athapaskan word for snow shelter and is the preferred cold weather shelter in the taiga regions where the snow pack is not deep enough for snow caves or igloos. But how much warmer can a snow shelter be than the outside air? The answer to that question, and to how warm you will sleep tonight, depends on how low the air temperatures get. There are other variables that will affect your results, but as long as you build a good quinzhee and the outside temperature is at least 5 degrees Celsius below freezing you should be able to experience and measure clear benefits to sleeping under the snow.
PROCEDURE

1. Build a quinzhee according to the attached instructions. Please follow all safety recommendations! Put fresh batteries in the CBL 2 or LabPro interface and bring the TI data collection equipment into the quinzhee.

2. Plug Temperature Probe 1 into Channel 1 of the LabPro or CBL 2 interface. Plug Temperature Probe 2 into Channel 2. Use the link cable to connect the TI Graphing Calculator to the interface. Firmly press in the cable ends.

3. Place probe 1 through a vent hole in the quinzhee and attach it to a stick or ski pole outside so that it is suspended above the snow and away from the vent hole. Place probe 2 inside the shelter attached to a stick in the quinzhee wall so that it is not touching the snow.

4. Turn on the calculator and start the DATAMATE program. Press [image: image1.wmf]CLEAR

 to reset the program.

5. Set up the calculator and interface for the two Temperature Probes.

a. Select SETUP from the main screen.

b. If the calculator displays the correct Temperature Probes in CH 1 and CH 2, proceed directly to Step #6. If it does not, continue with this step to set up your sensors manually.

c. Press [image: image2.wmf]ENTER

 to select CH 1. 

d. Select TEMPERATURE from the SELECT SENSOR menu. 

e. Select the correct Temperature Probe (in °C) from the TEMPERATURE menu.

f. Use [image: image3.wmf] to select CH 2, then press [image: image4.wmf]ENTER

.

g. Select TEMPERATURE from the SELECT SENSOR menu.

h. Select the correct Temperature Probe (in °C) from the TEMPERATURE menu.

6. Set up the calculator and interface for data collection. Use [image: image5.wmf] and [image: image6.wmf] to select MODE and press [image: image7.wmf]ENTER

.

a. Select TIME GRAPH from the SELECT MODE menu.

b. Select CHANGE TIME SETTINGS from the TIME GRAPH SETTINGS menu. 

c. Enter “3600” as the time between samples in seconds.

d. Enter “10”, or the number of hours you intend to run the experiment, as the number of samples. 

e. Select OK to return to the setup screen. 

f. Select OK again to return to the main screen.

7. Select START to begin collecting temperature data. The Collecting Data screen will appear, and the most recent temperature measurements will be shown. Press the [image: image8.wmf]ENTER

 button to quit the program but continue collecting data. Place the calculator and interface in a padded bag or box to protect it for the night. You can put it in the sleeping bag with you if you are worried about the batteries dieing.

8. After enough time has passed for all the data to be collected, turn on the calculator and start the DATAMATE program. A screen will appear stating that data collection is done. It will instruct you how to retrieve the data. Press [image: image9.wmf]ENTER

.
9. Select TOOLS. On the TOOLS menu, select RETRIEVE DATA. A graph will appear showing the data for both temperature probes. Press [image: image10.wmf]ENTER

.
10. Use [image: image11.wmf] to examine data points along the curve for Probe 1. Record each temperature reading for the outside air temperature.

11. Use [image: image12.wmf] to move the cursor to the curve for Probe 2. Note: P2 now appears in the upper right corner of the screen. Use [image: image13.wmf] to examine data points along the curve for Probe 2 and record each temperature reading for the inside air temperature.

ANALYSIS

1) What was the low temperature outside the quinzhee? Inside?

2) What was the difference between the low temperatures?

3) The vent holes keep the quinzhee from getting any warmer than 0oC. Why is that an advantage?

Building a Quinzhee

By Mark Roy

Warning! This activity is not appropriate for unsupervised students and requires at least 2 adults willing to do vigorous physical work. A simpler alternative is provided at the end of this article.

Quinzhee is an Athapaskan word for a snow shelter that can be built when there is not enough snow for a snow cave and the snow cannot be cut into blocks for an igloo. Quinzhees are effective and efficient temporary shelters for sleeping outside in the winter when temperatures are below freezing. 

Please note the following safety guidelines.

4) Where layers of clothing instead of a single heavy snow suit so that you can take off and add layers according to how hard you are working and how the air temperature fluctuates. Have a warm and dry set of clothing set aside for when you are done along with a thermos of hot cocoa or tea.

5) Avoid using large shovels. More small shovels full of snow will reduce the chances of back injuries.

6) Pack the perimeter of the shelter well and make the snow pile a dome shape. A peak on the outside could cause the shelter to collapse.

7)  Let the snow pile firm up before starting to hollow out the quinzhee. An hour is often sufficient. If you hear a “whoomph” while you are digging out the shelter, get out immediately, let it settle another hour and try again. 

8) Never dig out a quinzhee without a partner standing outside the door with a shovel. The “doorman” will remove snow you shovel out and, more importantly, can dig you out if the snow collapses. Quinzhees are weakest during construction.

9) A dome shape is important on the inside as well as the outside. Flat ceilings collapse more easily.

10) The person digging out the inside will get wet. Be prepared with dry clothes and a hot drink when the person comes out.

11) Sleep on an insulated and waterproof sleeping pad under a good winter rated sleeping bag. Remember, the temperature in the quinzhee may be significantly warmer than outside but it won’t be above freezing – you hope!

12) Always have a shovel inside the quinzhee with you. It is so quiet inside that you won’t even hear the storm that plugs your doorway with snow!

Start your quinzhee by choosing a location that has no rocks or logs that will end up being exposed by your digging. If you do not know what is under the snow use a probe to determine the snow depth and to look for hidden rocks and logs. 

Determine the size you want to build your quinzhee according to how many people will be in it and how much space you want. Remember that a smaller quinzhee is stronger and requires less digging. A floor with a diameter of a cross-country ski length (15 - 20 cm more than your height) is usually big enough for three people. Add about one foot of diameter for each additional person. Mark out the perimeter of the floor and then stomp around the outside of the perimeter to pack the snow where the walls will be. (See figure 1.)

figure 1



Pile snow up in the center of the circle until you have a dome a little wider than the stomped out perimeter. Packing the outside of the snow pile will help the snow firm up faster. Place skis, ski poles or sticks into the pile 50 to 60 cm deep all around the dome. You will use these to help you determine when you are nearing optimal wall thickness and to prevent accidental breakthroughs when you dig the inside out. Be sure to climb on top of the dome and place one straight down at the center. Let the dome settle for 1 or 2 hours.

figure 2






Start excavating by digging straight down at the outside of your perimeter, on the downhill side if there is one, to make a door. When you have a hole just wide enough to stand in and still use a shovel and deep enough so that you are near the ground, begin digging into the dome. As you dig in start to dig up so that you are shoveling snow downhill to the doorman to remove. You will also be creating an elevated floor and a sunken entryway. This configuration will create a cold sink at the door and help trap heat inside the quinzhee. If you hear a “whoomph” while you are digging it means the snow is settling and you should leave the quinzhee at once to let it firm up some more. Don’t worry if your not sure what “whoomph” would actually sound like. You’ll know it if you hear it!

Excavate the inside until you hit your markers. Look for the top marker first so that you don’t end up digging a wide area with a lot of snow over your head that might collapse. When you have found all the markers you can begin shaping the inside dome. Carve carefully so that you don’t create weak spots or cut through the ceiling. The final wall and ceiling thickness should be 35cm –40cm. If the walls are too thick they tend to sag sooner. Put several vent holes in the ceiling. If you expect near freezing temperatures make 4 or 5 holes 6 - 10cm in diameter. If you expect colder temperatures make the diameter of the vent holes as small as 2 - 4cm. 

Now you are ready to level and smooth the floor. If the floor is even with or above the top of the door the quinzhee will be warmer. If it is below the top of the door you will get more air movement. When the floor is the height you want and you have made a flat sleeping surface leave the quinzhee and let the floor set up for 15 to 20 minutes. Leaving a lit candle will help the quinzhee cure.

I’ve made quinzhees in less than two hours but have seen it take as long as six depending on snow conditions and the experience of the builders. Sleeping in a snow shelter is the most personal way I know of learning about properties of snow and Subnivean life. It is an experience that will be remembered and that has valuable applications for anyone who participates in outdoor winter activities.

Good data can be collected for the Subnivean Comfort lab without making a snow shelter by simply burying probe 2 next to the ground under 40cm of snow and suspending probe 2 above the snow. I recommend using a power adapter and extension cord for the LabPro or CBL 2 if temperatures will be much below freezing.














