Earth Systems Science

Laboratory 10
Groundwater

Introduction:

Even though groundwater only makes up an estimated 0.61% of the water on Earth, it accounts for 98% of the available fresh water (Fetter, 1999). In many parts of the world (including southwestern North America) water is the primary limiting resource for society and the surrounding ecosystems.  Despite the central role of groundwater’s importance to society, few citizens understand even the basics of groundwater flow.  You need to understand the fundamentals of groundwater flow and contamination.  It may save you thousands of dollars when purchasing a home, it may save your community million of dollars in clean up costs, and it might preserve the rich biotic diversity in riparian areas. 

In this lab we will explore the basics of groundwater movement, the effects of pumping wells, and groundwater contamination using a ground water model that looks rather like an ant farm.  You will work in teams of 2-4 people depending upon the size of your lab group.  

 Goals  and Objectives:

The groundwater “ant farm” model provides a wonderful hands-on experience that allows you to observe and manipulate a miniature hydrologic system.  You and your lab partners will be able to see the results of changing recharge, pumping wells, and the surface contamination. Specifically you will

a) Observe the saturated and unsaturated zones of the aquifer in the model

a) Manipulate and observe variations in recharge and discharge 

b) Observe, record and explain what causes groundwater to flow.

c) Observe the connections between surface water and groundwater using dyes.

d) Examine the effect of pumping water from a well on groundwater flow.

e) Create an artesian spring

f) Observe and manipulate a modeled landfill and its affect creating a  “contaminated” aquifer 

g) Relate model behavior to local groundwater issues and the important variables in each case.

During this lab, you will be asked to generate hypotheses about groundwater flow and then will be able to test your hypotheses using the "ant farm."  You will not be graded on your hypotheses (except on whether or not you had one!).  You will, however, be graded on your observations of the tests.

Key Terms and Concepts:

hydrologic cycle

recharge 

discharge

infiltration

runoff

Darcy’s Law 

water table

unsaturated zone/vadose zone

porosity

permeability

piezometer

hydraulic conductivity

hydraulic gradient

aquifer

unconfined vs. confined aquifer

cone of depression

point source contamination 

non-point source contamination

Internet Resources:
Groundwater in the Southwestern United States:

1) Colorado Plateaus aquifers: U.S.G.S. Groundwater Atlas: http://wwwcapp.er.usgs.gov/publicdocs/gwa/ch_c/C-text8.html
2) Southwest Groundwater Resources USGS

http://az.water.usgs.gov/swgwrp/Pages/Overview.html
Precipitation data:

3) Monthly precipitation and mean temperature data for selected stations in the US.  U.S Historical Climatology Network.   http://cdiac.esd.ornl.gov/epubs/ndp019/ushcn_r3.html
4) A more complete set of stations is available from NOAA's National Data Center.

http://www.nndc.noaa.gov/cgi-bin/nndc/buyOL-005.cgi
5) Plot of monthly precipitation values (NOAA) 

http://www.ncdc.noaa.gov/ghcn/ghcn.SELECT.html
Stream discharge data:
6) Real time flow data for the Animas River at Durango:

http://nwis-colo.cr.usgs.gov/rt-cgi/gen_stn_pg?station=09361500
Additional Reading of Interest:

 A Civil Action, Jonathan Harr, 1995, Vintage Books (paperback)
Cadillac Desert; the American West and its Disappearing Water, Marc Reisner,1993, Penguin Books, New York, NY, 582p.

Basic Ground-Water Hydrology, Ralph Heath, 1983, U.S. Geological Survey, Water-Supply Paper 2200
Hydrogeology, 3rd edition, William Fetter, 1999 Prentice Hall, 691p. 

Related Videos:

A Civil Action  (1999) based on Harr’s book, available at most video stores
Cadillac Desert; the American West and its Disappearing Water, based on Reisner’s book, PBS  (in library)

Materials Needed: 



       

Discharge bucket





Groundwater “ant farm” Model

Red, green, and blue water based dye (food coloring)

Quart bottle with water

Well injection syringe (1)




Well pumping syringes (1)

Erasable marker (1) 




Ruler (metric/standard)

Paper towels (20)





Paper cup

Marbles






Beads

Groundwater Lab: Part 1 (Groundwater and groundwater flow)

Teams of 2-4 people should each have a hydrologic model. Check that you have the materials needed that are listed on the previous page. 

· Make sure that the discharge hose is attached to either outlet 1 (the lake at the upper right hand side of the model; see figure 1) or to outlet 2 at the right end of the model (figure 1).

· Fill the quart jar with water and firmly insert the rubber stopper.  Quickly invert the jar and insert the spout into the square opening at the left top corner of the Groundwater Model.  During the course of this lab, if you see that the quart jars has stopped providing water to the model (providing recharge), you will need to refill it.

· Stick one of the syringe tips into the well labeled "artesian well" where it comes out of the model at the lake.

1) Where is groundwater in the model? 

(sketch the position of water relative 

to sand grains in the box provided)
The empty space between the grains

is pore space.  The volume of the

pore space divided by the  volume 

of the sediment (including empty

 space) is the POROSITY of the 

sediment.
The interconnectedness of the pores controls the PERMEABILITY, which is a measure of the ease with which a fluid may flow through the sediment.

2)  Hypothesize:  What do you expect would be the relative porosity of the following materials?  

· A cup of marbles

· A cup of small beads

· A cup of a mixture of different sizes of marbles and beads

3)  Test your hypothesis by measuring the amount of water necessary to just reach the top of each cup.  Record your measurements.  Was your hypothesis falsified, or did your experiment support your hypothesis?

· Using the small syringe, slowly inject a small amount of diluted green dye into each of the piezometers (labeled A, B, C, D, E, F, and G).  Inject a small amount of air into each piezometer until the dye reaches the bottom of the piezometer tubes.

4) Find the highest level in the sand where you can no longer see the water in the pores. This is the top of the saturated zone and this defines the water table.  Sketch the location of the water table as seen in your groundwater model in the space below.

5) By now there is probably water flowing out of the outlet hose leaving the model.  Flow out of groundwater is called discharge.

Make a hypothesis about which direction the water flows through the model.

Before proceeding we need to get a bit more of the model ready for use.

· Using the small syringe, inject diluted blue dye (from the small bottles) into the blue and green injection wells at the left hand end of the model.  Inject enough that you can see a circle of dye about 3-4cm in diameter appear in the sand below the well.

6) Observe the direction of the moving blue dye “plume” from the blue injection well.

a) in which direction does it move?  Does this falsify or support your hypothesis in question five above?

b) Formulate a hypothesis to explain why the dye moves in the direction it does.

c) How could you test this hypothesis?

d) Relate this principal to real groundwater systems.  If you had a set of observation wells drilled into the water table, how could you determine the direction in which groundwater should flow?

Part 2: The interconnectedness of surface water and groundwater
Pollution of groundwater can cause major societal problems (see the recent movies Erin Brockovich and A Civil Action).  The purpose of this part of the lab is to investigate how landfills, septic systems, manure pits, underground gasoline storage tanks, or other "point sources" of pollution can contribute pollutants to the groundwater, and to observe the direction in which those pollutants move.

The low-lying area between the wells labeled "C" and "1" represents a landfill containing some kind of toxic contaminant.  The landfill lies above permeable ground, and is open to rainfall and snowfall.

1)  Come up with a hypothesis that predicts what will happen to contaminants contained in the landfill if rain falls onto it.

2)  To test your hypothesis:  place a crumpled-up paper towel in the landfill.  Drop 7-8 drops of red food coloring onto the paper towel.  Now simulate rainfall by filling the large syringe with water and emptying it onto the paper towel.  Continue dropping water onto the paper towel until the towel is completely soaked through and you can see red water soaking out of the paper towel.

Describe what happens to the red dye (the contaminant) after the landfill becomes soaked.  Where does it travel?  Sketch the travel path of the contaminant.

3)  Watch the contaminant until you see it appear someplace else at the surface of the model.  If the surface of the groundwater model were a real ecosystem, where would you first notice the contamination?  How would the contaminant have traveled from its source at the landfill to the site where pollution was recognized?  What information would you need to trace the pollution back to its source?
4) If you wanted to prevent contaminants from getting from a landfill into the groundwater, what could you do?  Brainstorm a list of possible solutions.

Part 3: Effects of pumping wells

Groundwater is a major source of drinking and irrigation water in most parts of the US.  The purpose of this part of the lab is to investigate how pumping water out of wells affects groundwater flow.

1)  What would you expect to happen to the groundwater table near a well that is being pumped?  Would the flow direction change or stay the same?  Come up with a hypothesis about how pumping water from a well should affect the flow of nearby water.

· To test your hypothesis:  use the large syringe to suck water out of well 2 (figure 1).  While one member of the group is "pumping" water out of the well with the syringe, the other members of the group should measure the height of water in piezometers B, C, and D and observe the movement of the blue dye injected into the bottom of each of the piezometers.

2)  Sketch the results of your pumping experiment. 

3)  What happened to the contaminant (red dye) supplied by the "landfill" in Part 2 when you pumped well 2?

4)  Continue pumping well 2.  If piezometer C were your neighbor's water well, what would happen to her water supply eventually?

Part 4: Confined aquifers:

Well 1 and piezometers A and E extend into a gravel layer (which has a very high permeability) that lies beneath a clay layer (which has a much lower permeability).  Layers such as this gravel layer are known as "confined aquifers".  Notice that, in the previous experiments, not much has happened to the dye in piezometers A and E, which tapped the confined aquifers.

1)  What is the height of the water in the syringe tip stuck in the artesian well in the lake?  Is it different from the height of the water in the lake?  Where does the water in the artesian well come from?

2)  What do you think would happen to the water level in the artesian well if you elevated the recharge side of your model?  Formulate a hypothesis about what should happen to the water level and why.

3)  Test your hypothesis by raising the left side of your model and supporting it on a block of wood.  How does the water level in the artesian well change?  Does your observation falsify or support your hypothesis?

4)  Remove the syringe tip from the artesian well.  Observe the color of water in the lake.  Does it change?  What color does it become?  What "contaminant" supplied the color to create the color change?

Part 5:  Clean up

DO NOT LEAVE LAB UNTIL YOU HAVE COMPLETED THIS PART!!!  Allow 45 minutes at the end of lab for clean-up.

1)  Take the wet paper towel out of the landfill and throw it away.  (Fortunately, food coloring is non-toxic, so even when it really ends up in a landfill, it will probably not contaminate the groundwater.)

2) Allow at least five jars of clean water to flow through your model.  How could you speed up the flow of water through the model?  Formulate a hypothesis.

3) Test your hypothesis.  Did it work?

4)  Draw clean water into each of your syringes until the water in them is clear.

5)  Inject clear water into each of the wells with food coloring still visible in it.

6)  Empty the water from your drainage bucket and place the syringes and syringe tips back in their plastic bag.
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