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Tracking Water Resources Unit 2.1: Student Exercise – High Plains Aquifer
Jon Harvey (Fort Lewis College) and Becca Walker (Mt. San Antonio College)

Measuring water hidden in the sediments and rocks (groundwater) can be challenging! But as two billion people on Earth depend on it, it is also really really important. In this exercise you will investigate in more detail:
· how we measure groundwater
· what different methods are better at measuring
· how seasons, drought cycles, and human use can affect groundwater reservoirs
The case study site will be the High Plains Aquifer in the central USA, but the same issues are present in many aquifers around the world.
Answer the numbered question. The lettered sub-headings indicate the different sub-topics.

In the provided spreadsheet, you will find hydrologic data for the High Plains Aquifer as measured by three different methods you are already familiar with: groundwater wells, GRACE, and vertical GPS. Open up the spreadsheet file and take a look!

You should see several tabs at the base of the document - each takes you to a different spreadsheet in this Excel Workbook. 

[image: https://lh5.googleusercontent.com/yugYBPenG92NOs0qUFsXRHrzTlYdJSVovU7Ark6k25nJn6KA13zzoIvcuqQrAoZsPMRHRAlYnc0oK8Zn2rr5vOIZFAFGZYqIW5wof8qCpL8knMzdcOT17xM11l2nAk2dB7Sa1gvC]
Figure 1. Screenshot showing tabs at base of workbook.


[image: ]Groundwater Wells - Depth-to-water-table
Where do you see more groundwater stations?
Figure 2. Map of USGS groundwater wells from https://cida.usgs.gov/ngwmn/index.jsp. Depth-to-water-table sensors on wells are one component of the United State Geological Survey’s Water Data Program.



This first tab, GW-1, shows depth-to-water-table data from a well in southwest Nebraska. This well has data going back to 1986. You will also see a chart with a blue line running across it. This plot is showing the actual depth (in feet) to the water table through time, and shows data from 2000 to 2018. This station in central Nebraska (See Figure 2 in your prep exercise) exhibits some interesting changes that we can use to learn about how the annual water cycle works in this location. 
A. Does groundwater level change with seasons?
Examine the X-axis to determine where a given calendar year starts and ends. Now look at the blue line showing the position of the water table over time. Note that if you ‘mouse-over’ the curve you should see a pop-up with the date and value for the closest point (if you are not using Excel, you will just have to estimate using the graph axes).

1. Can you make out any annual and/or seasonal cycles in the depth to the water table? (i.e. is there a time of the year when we typically see the highest water levels?) If so, describe them and speculate on what might be controlling them. (hint – look at Figure 3 to right)Figure 3. High/low temperature and precipitation chart for the area near GW-1













B. Does groundwater change from year to year?
2. List any years that look like they could have been bad drought years:








One common way to keep track of wet and dry years is with the USA Drought Monitor. Published weekly, this drought assessment map shows how drought conditions vary across the country. An example map for the conterminous US from December 2018 is shown below in Figure 4. Notice that darker shades of orange/red indicate more extreme drought conditions in that area:

[image: ]Figure 4. Map showing drought areas in the conterminous U.S. as of Dec 25, 2018

Now look at Figure 5, which shows the % of the High Plains Aquifer in a drought state at a given time:
 
[image: ]
Figure 5. Chart showing percent of High Plains Aquifer area that is in a state of drought between 2000 and 2019. Periods with a lot of orange-red-maroon colors are times of widespread severe drought. (use Word to zoom in if the axes are illegible)


3. Based on Figure 5, list any periods of time that look particularly dry in the High Plains Aquifer:








4. Now look back to your chart for GW-1. How did the groundwater table respond in those years of more significant drought?








5. Based on your answers to the above questions based on well GW-1, what can you say about the long-term health of the aquifer at this location?












C. Do we see the same patterns in another High Plain Aquifer groundwater well?
OK - Now let’s take a look at another nearby groundwater monitoring well. Data from this well is displayed on tab GW-2. This well is in NW Kansas, still within the High Plains Aquifer (See Figure 2 in your prep exercise). 

6. Can you discern any short-term (annual and/or seasonal) cycles in groundwater levels? If so, how do they compare to what you saw in GW-1 in terms of timing within the year?





7. Describe any long-term (multi-year) trends in groundwater levels. How does that compare to what you saw in GW-1?











What could explain the differences between GW-1 and GW-2 if they are both in the High Plains Aquifer? Often such big differences are the result of the wells tapping water stored in different sub-aquifers that may receive water recharge from different sources and over different timelines.

8. [bookmark: _GoBack]Look at the map in Figure 1 of your prep exercise, and the websites for the two stations (GW1: Click Here and GW2: Click Here). Compare the locations of the wells, how deep they were drilled, what ‘local aquifer’ they were completed in, and whether or not there is a large river nearby.

	Well
	GW-1
	GW-2

	Depth


	 

	 

	Local Aquifer


	 

	 

	Near River?

	
	



9. *Think Deeper Question* Describe the difference in reliability of water derived from GW-1 and GW-2, and explain those differences using what you have learned about those wells, about the water cycle, and about the history/status of the High Plains Aquifer. Take a paragraph or two to explain your answer, referring to specific features in the plots that led you to your conclusion.
















GRACE (Gravity Recovery and Climate Experiment)
D. How does satellite gravity (GRACE) data compare to groundwater well data?
Now we can say something about the status of the High Plains Aquifer in the locations sampled by wells GW-1 and GW-2. Although it is great to have hard data from those locations, sometimes we might want to know about groundwater supplies in places where wells are few and far between. That’s where other datasets can come in handy. 

Let’s look at how the groundwater data compares with data derived from the GRACE satellite. Remember, the one that measures small changes in gravity due to redistribution of mass around on Earth’s surface? You may recall that one of the exciting applications of GRACE is to use it to estimate changes in water storage over broad areas. 

For the sheets GW-1 and GW-2, you can see the GRACE data (shown in orange) on the plot further to the right on each tab. It might be a little off to the right if you have a narrow screen. You can drag it over the first plot if that makes it easier to see.
-The orange line on the plot shows GRACE data as water storage anomaly (=difference from normal) of Water Equivalent Height (shown in cm). Values of Water Equivalent Height shows on the alternate Y-axis to the right.

10. Check back to your notes from Unit 1 and page 3 in the pre-reading for this exercise - what is Water Equivalent Height as measured by GRACE? What does it mean for water storage when the measured Water Equivalent Height increases or decreases?









11. How well does the GRACE curve match the depth-to-water-table data for GW-1? What about the particular wet and dry years you identified in Question 2? Do they show up as you might expect them to in GRACE data? Explain.







OK. Now let’s zoom out and look at long-term water storage of the High Plains Aquifer as a whole. Go to the tab ‘WetDry’. Here is a plot showing an average of GRACE Water Equivalent Height data for the entire High Plains Aquifer. This plot should, theoretically, tell us about long-term changes in water storage in the aquifer as a whole. 

12. Describe the typical annual cycle in terms of the seasonal timing of increasing vs decreasing water storage.









You are also presented with two ‘Drought Monitor’ maps - these are produced every week by the USDA to help the public keep track of developing and prolonged drought problems. These dates represent particularly wet (May 2010) and dry (Nov 2012) times in the High Plains Aquifer for our consideration.

13. Describe the drought status of the High Plains Aquifer region at those two dates.









14. Find the two dates (May 2010 and Nov 2012) as colored dots on the GRACE plot. What Water Equivalent Height values correspond to those dates (mouse over them to get exact values)? Keep in mind that negative values imply water deficit.










E. How much water is that really? To real people in their real lives?
So, here we have two dates with starkly different water storage values as measured by GRACE. We can tell that water storage decreased between May 2010 and Oct 2012. That’s good, but to put it into context, let’s figure out the actual volume of water that was lost from the High Plains Aquifer region during that time. In order to do that we will have to multiply the difference in Water Equivalent Height between those dates by the area of the High Plains Aquifer (~453,000 km2). 

15. Calculate the volume of water lost between May 2010 and Oct 2012 in cubic kilometers (km3). (hint – you must first convert the Water Equivalent Height to km by dividing by 1,000,000, the number of mm in one km). 





16. Let’s compare that number to some other volumes of water that may help with understanding just how much water was lost during that period.
a. According to the EPA, the average American family uses around 100,000 gallons per year. For a city of 1 million families, that equates to ~0.38 km3/yr. For how many years could a city of that size operate if they had access to the volume of water lost from the High Plains Aquifer from 2010 to 2012?





b. A typical Olympic swimming pool has a volume of ~0.0000025 km3. How many Olympic swimming pools were lost from the High Plains Aquifer during the period in question?




Vertical GPS
OK - Let’s look at the High Plains Aquifer from one final perspective - that of VERTICAL GPS. This system helps scientists track movements of the ground surface over time. Vertical GPS can be used to track water resources by detecting tiny vertical shifts in the ground surface as a result of changing water storage. This works because the weight of groundwater tends causes the ground to sink ever so slightly, and when that weight is removed the ground springs back up. Although that relationship holds true in many regional aquifers, it should be noted that in some aquifers, like in the Central Valley of California, we get the opposite response due to the presence of compactible clay in the aquifer which contracts as water is pumped out, causing the ground above to sink. 

[bookmark: OLE_LINK16]Take a look at the map of GPS stations within UNAVCO’s Network of the Americas (NOTA) at this page: https://www.unavco.org/instrumentation/networks/status/nota/gps 
[image: ]

17. Explore the map of GPS stations. Where do we have the best coverage? Worst? How is the coverage in the High Plains Aquifer?





Now let’s look at the data from station P039 - which is situated in far-northeastern New Mexico (Figure 2 in your pre-reading). These data can be found on the tab ‘GPS’ in the Excel file. When the Y-axis value goes up, the GPS station rose vertically by that amount.


18. What does it likely mean for water storage when the Y-axis value goes up? (hint – the High Plains Aquifer is generally not a clay-rich, compactible aquifer).







19. Can you make out any long-term trends? Explain how water storage in the area is changing according to the vertical GPS data. 






Right-click the plot and add the GRACE data as you have in the other plots.

20. Do the GRACE data support your answer to question 24? If not, explain. 












OK, now think back to all that you have covered in this unit so far. Summing it up:

21. In this unit you looked at three methods for keeping tabs on underground water storage.
a. Which method(s) is/are most appropriate for keeping track of local groundwater supplies?



b. Which method(s) is/are more appropriate for keeping track of long-term trends in regional aquifers like the High Plains Aquifer?




22. How could farmers who rely on the High Plains Aquifer for irrigation prepare for predicted increases in water scarcity in the future? (there are many possible answers for this one)
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