Water Resources in Colorado
Main Learning Objectives

In Activity 1, students discover where the major rivers and sources of water are located throughout the state. They will also be able to identify the different precipitation zones and life zones of the state. In Activity 2, students learn how water is moved to other locations via transmountain diversions, major canals, and federally funded dam projects. The key outcome of Activities 1 and 2 is an understanding that the bulk of Colorado’s population lives in water-poor areas (east of the Continental Divide), but the bulk of the state’s water can be found west of the Continental Divide where fewer people live.  

Essential Concepts

The precipitation regions and life zones show students the relationship between areas of higher elevation and greater precipitation. Because most moisture flows into the state from the west or southwest, the alpine and subalpine get more rain and snow. Lower elevation areas and the intermontane parks receive less precipitation. Such areas are called rainshadows.   The second activity focuses on how people have moved the state’s water to where it is needed. Students gain an understanding why and where reservoirs, dams, canals, and transmountain diversions were constructed. This is an excellent example of human modification of the physical environment to suit society’s needs.

Some good web resources on Colorado’s Water include:

http://www.cwcb.state.co.us/
https://www.yourwatercolorado.org/
https://bouldercolorado.gov/water/watershed-education-teacher-page
http://www.water.state.co.us/Home/Pages/default.aspx
https://www.auroragov.org/cms/one.aspx?pageId=2037534 

Notes about This Draft

Layer names are shown in bold, with the button names/uses in italics. We expect students will quickly learn to “check” layers on and off to see changes. In some cases, we suggest, “checking off” a layer (making it invisible) to avoid cluttering the view.

Worksheet W-1






Name:__________

Open Activity 1:  Colorado’s Water Resources*

*Make sure to read through the entire question before answering and then re-read before moving on.

Open Activity 1; Rivers and Counties layers are visible.

1.  Look at the map. Can you tell where most Colorado rivers flow? 

Try to get students to say that nearly all the rivers flow OUT of the state. You could have the students turn on the mountains layer to understand that water flows downhill!

2.  Use the Layer List button [image: image1.png]


 to CHECK ON the Continental Divide layer (remember—you probably have to expand the WaterResources1 group). To what two main places or locations do all the rivers in Colorado flow (north is top of map)? It’s not perfect but many ultimately appear to go either to the east or to the west.  (exceptions: Rio Grand appears to flow more south, and North Platte appears to flow more north)

How can you tell? Continental Divide layer should help students understand this concept.  Everything on the left side of the Divide ultimately ends up in the Pacific—Gulf of California; and all the rivers on the right side of the divide ultimately end up in the Atlantic—Gulf of Mexico. Be less concerned with exact “directions” on more concerned that students understand that water flows downhill away from the continental divide and ultimately to the Pacific or Atlantic.

3.  Use the Layer List button [image: image2.png]


 to CHECK ON ONLY the Continental Divide and Precipitation Zones layers. CHECK OFF any other layers. Click the [image: image3.png]


 button to see the legend for the Precipitation Zones layer. You only need to click on one region of each precipitation zone on either side of the Divide. Use the pop-up box results to fill in the following table with the “SQ_MILE” number on each side of the Continental Divide.

West of Continental Divide

East of Continental Divide

Wet 10,383.2 area in square miles

Wet 5,978.9 area in square miles


Semiarid
20,299.2area in sq. miles

Semiarid 
55,617.6 area in sq. miles

Arid  7,874.2 area in square miles

Arid 3,688.2 area in square miles

Explain in your own words what wet, semiarid, and arid mean.  Which precipitation zone do you live in? It is unlikely that students will know the exact meaning of these terms.  Indeed, the definitions vary! But comments such as: wet=lots of rain, semiarid=in between or wet part of the time, and arid=desert would be a good start. These maps actually represent the following: wet= more than 20” of precipitation a year; semi-arid=10-20” of precipitation per year; and arid=less than 10” of precipitation.  Remember: the term precipitation INCLUDES both rain and snow. The amount of “precipitation” in snow can vary. For example one inch of preciptation/rain can make between 6-16” of snow, and perhaps more!

4.  
a.  Using the table in #3, where are most of the “Wet” areas in Colorado, east or west of the Continental Divide? By visually looking at the map students should be able to tell that “most” wet areas are west of the divide.

b.  About what proportion of the wet areas are west of the divide? Do you think the proportion is closest to ¼, ⅓, ½, or ⅔? (circle the best fraction) See if students can guess correctly.  But the math would be:

10,383 (west wet) + 5,979 (east wet) =16,362 total wet areas

10,383 / 16,362  * 100 = 63.4%  

Even if your students are not at this math level yet, the numbers are pretty obvious and kids should be able to tell that it’s definitely more than ½ , thus making 2/3 the only possible answer.

5.  Use the Layer List button [image: image4.png]


 to CHECK OFF all layers EXCEPT Precipitation Zones.   Then CHECK ON the Life Zones layer.  To see the relationship you will have to CHECK ON and OFF the Precipitation Zones layer several times!
a.  Which two life zones appear to be mostly in “Wet” precipitation areas? 
Alpine

Subalpine
(could also say mountain—but not as good an answer as Alpine and subalpine)

It may take some turning off and on of layers and toggling back and forth to the legend, but students should be able to obtain the above answer.  
Look at the Life Zones layer.  

b.   Have you been in any these Life Zones?  Where?  It’s likely that students have been in these zones. Ask if they have ever been through Eisenhower tunnel on I-70 (subalpine), or to the top of Pikes Peak or Loveland Pass (alpine—no trees). If you want to do a more detailed activity on life zones go to the physical geography activity at: http://geography.unco.edu/mapco/Teacher/Environment/environment.html

6.  Where would you expect that most of the rain and snow falls in Colorado—east or west of the Continental Divide?  Why? West, that is where most of the wet areas are found.  At this point, you could consider explaining rainshadow effects to your students.  The predominant winds come out of the west (and southwest) bringing weather systems and moisture.  As these systems are pushed up over the mountains, the air masses cool (cool air can hold less moisture than warm), and it rains or snow.  As the air mass comes down the other side of the mountains (like into Denver), the air warms and becomes drier.  Remember Chinook (snow eater) winds: warm dry air coming out of the mountains.  In the Denver/Front Range area, we need a reversal of this.  So occasionally, we get “upslope” conditions (winds coming out of the northeast, east, southeast), and we get significant rain or snow.  But, this is NOT the normal weather pattern.
7.  Use the Layer List button [image: image5.png]


 to CHECK ON ONLY the 1900 Population, Continental Divide, and Current Counties layers. CHECK OFF any other layers. In 1900 the population of Colorado was about 540,000 people.  

a.  Where did most of the people live—east or west of the Continental Divide? 
East of the divide
b.  Zoom into your community.  Click on the communities until you get a pop-up box of your community (or one nearby). What was the population of your community in 1900 (find the field POP_1900). 
Any community

8.  CHECK ON the Major Irrigated Areas layer.   


a.  What is irrigated farming?  Adding extra water to fields and plants, via 


different types of irrigation systems: canal, center-pivot, drip.

b.   Where are most of the major irrigated areas in Colorado—east or west of the Continental Divide?
East 

c.  Why do you think the irrigated areas are located where they are?

A number of potential answers.  Most likely: this is where the greatest proportion of people was located historically in Colorado (east of the divide).  Other answers could include the good soil of the Great Plains, flatter land (easier to farm), lower elevation—than mountains and thus better temperatures for agriculture.

 d.  Why do you think irrigation is necessary in Colorado? It was too dry to grow crops without irrigation.  Historically (because of poor transportation—long transport times), it also would have been difficult to import all of the food that early settlers needed.  Thus, despite marginal rainfall, eastern Colorado and the Front Range were logical places for ranching and farming.

9.  Look back at the answers to questions #4, 6, 7, and 8.  

a.  What is the basic problem Coloradoans faced in 1900?   Try to get students to make the following conclusion: Where there was a lot of water, there were few people, and where there were lots of people there wasn’t enough water.

b.  Given that the population was only 540,000 in 1900, do you think this was a small problem, medium problem, or large problem? Really, an opinion, but it was at least a medium problem.  A few early transmountain diversions were completed in the late 1800s.  As students will discover in the next activity the problem only worsens!

This is the end of Activity 1.

Worksheet W-2







Name:________

Open Activity 2:  Moving Colorado’s Water
*Make sure to read through the entire question before answering and then re-read before moving on.

The Cites & Towns Pop.2000, Continental Divide, and Current Counties layers should be visible on the map.

1.  Look at the map. By 2003 Colorado had a population of 4,550,000; and by 2015 it was 5,400,000 (remember it was 540,000 in 1900!).  

Where do most of the people live in Colorado—east or west of the Continental Divide? (north is top of map)   East. The population distribution is more complex but the concentration is still clearly in the east

2.   
a.  Given that Colorado’s population was 540,000 in 1900, but is now 5,400,000 do you think this problem (water in west, people in the east) has gotten bigger in the last 100 years?  YES, because there’s so many more people and they all want water.  But, on the other hand our technology (build longer tunnels, reuse water, etc.), has also improved over the past 100 years—thus offsetting at least some of the need created by population growth.

b.  What do you think Colorado has done about this problem? 


On their own students could come up with many preliminary answers: bring more water from the west, conservation, rainmaking, etc.  All would be partially correct.  

3.   CHECK OFF Cites & Towns Pop.2000 and CHECK ON Transmountain Diversions.   What is a “transmountain diversion”?

Help students to define a transmountain diversion, which is a water diversion, like a tunnel or canal, that takes water from one water basin (like the Colorado River basin), and brings it to another water basin (like the South Platte). 
4.  Use the Bookmarks button [image: image6.png]


 to zoom into Central Colorado (which shows the central part of the Continental Divide).  Use the map below to draw arrows that show which way the water flows through these transmountain diversions across the Continental Divide.    All the diversions bring water to the east side.

[image: image7.jpg]




b.  Why did you draw the arrows in a certain direction?  There is nothing in the map that directly tells the student which way the diversions go.  BUT, remember WHERE the water exists (west side), and WHERE the water is needed (east side)!

5.  Click on one of the Transmountain Diversion. Write the name of the diversion below.  

Use the Layer List button [image: image8.png]


 to CHECK ON the Rivers and Major Tributaries layer and Refresh Map. Carefully click on the rivers to try and determine which river water is taken from and which river the water is added.  Again, you may need to zoom in and out.  Numerous answers.  Example below:

Name of Transmountain Diversion: Harold D. Roberts Tunnel

River that water is taken out of: 
Blue River

River that water goes into:  North Fork of the South Platte River

County or Large City that might get the water:   Denver

6. If necessary zoom back out to the entire state. Use the Layer List button [image: image9.png]


 to CHECK ON ONLY the Continental Divide, Major Irrigated Areas, Canals and Ditches, and Counties layers and Refresh Map.  


a.  Where are the irrigated areas in relation to the Continental Divide?


As in Activity 1, most of the major areas are east of the divide.

Remember that the rivers that collect water for the transmountain diversions are close to the Divide.  

b.  What is the relationship between the canals and the irrigated areas?  Most (but not all) of the canals are in the major irrigated areas.  


c.  How is water distributed to areas away from the main rivers?

Via canals. If only the land adjacent to the rivers could be irrigated then Colorado would have far less irrigated land. The construction of the canals at a gradient less than the rivers allows the movement of water to areas away from the rivers.

7.  Can you think of other ways to store or distribute the water?  Besides reservoirs water can be stored in water towers/tanks. Water can also be stored in porous underground rock and aquifers. Besides canals, water can be distributed by pipeline, and although in much lesser amounts also by truck. 

8.  Does the “Continental Divide” still divide the water that flows to the Pacific from the water that flows to the Gulf of Mexico? Explain. 

Yes and No.  Initially yes, but a lot of that water then is quickly diverted back to the other side (mostly west to east).  

This is the end of Activity 2.
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