Case number 67900 The Case of the Abandoned Gas Station
Author: Toby Dogwiler, Department of Geoscience, Winona State University 
Recently, pollution has been detected in water samples collected at spring S3 (Figure 1) and Spring S2.  Both springs contained the pollutant MTBE.  Spring S2 also contained high amounts of perchloroethylene.  You have been hired as a forensic hydrogeologist to determine the source of the pollutants.  Figure 1 includes the locations of several suspected pollution sources in the area around the springs.  Some local residents suspect that SELL More Gas (Gas Station 1) is the source of contamination for Spring S3.  However, the former owners of the SELL More gas station claim that they cannot be the source of the pollution because it closed in 1995.  Upon closure all the fuel on the site was removed and the station has been empty since then.  In fact, the former owners point to Gas Station 2 (A Million Barrels A Second Gas) and Extra-fast Pumping Gas (Gas Station 3) as more likely culprits since they are closer to Spring 3.  Furthermore, the former owners of SELL More, point out, the landfill and drycleaners in town are known polluters and they are still open as well.  Your task is to determine the source of pollution in the Springs.
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Figure 1.  Initial conditions for the Scenario 1 exercise.  NOTE:  you do not need to add the colored boxes indicating the location of springs, gas stations, etc. to the model in ParticleFlow.

Safety: General safe lab procedures should be followed for this lab.

Pre-lab:  Include the experiment name, the purpose of the experiment, the major experimental steps to achieve this purpose and:
1. Using the resources listed below, research MTBE and its common sources.  Based solely on your research, what business(es) in the area are likely sources of MTBE pollution?

2. Using the resources listed below, research perchloroethylene and its common sources.  Based solely on your research, what business(es) in the area are likely sources of perchloroethylene pollution?

3. Based on your research of the pollutants, your reading about aquifers and flownets below, and examination of Figure 1, form a clearly stated hypothesis about the sources of pollution for each spring.  Be sure to support your hypotheses with logical reasoning based on understanding of the above concepts and facts.  

· Spring S3:

· Spring S2:

Resources:  

Aquifers: 
http://ga.water.usgs.gov/edu/earthgwaquifer.html 

Pollution:
http://coastalscience.noaa.gov/stressors/pollution/ 

Springs:
http://ga.water.usgs.gov/edu/watercyclesprings.html 
Landfills:
http://www.pca.state.mn.us/cleanup/landfills.html  
MTBE:
http://www.epa.gov/mtbe/ 
	
	


General Information on Geology to help you complete this lab: 
Hydrogeology is a sub-discipline of the field of geology and involves the study of groundwater. Hydrogeologists study the occurrence, movement, abundance, distribution, and quality of subsurface waters and related geologic aspects of surface waters. They are commonly employed by companies who specialize in protecting, detecting, or remediating polluted groundwater. In most parts of the US, as well as elsewhere in the world, groundwater is the primary source of drinking water. Thus, many hydrogeologists are also employed by universities, governments, and agencies to study and manage groundwater resources. 

Aquifers 

From the standpoint of ground-water occurrence, all rocks that underlie the Earth's surface can be classified either as aquifers or as confining beds. An aquifer is a rock unit that will yield water in a usable quantity to a well or spring . (In geologic usage, "rock" includes unconsolidated sediments .) A confining bed is a rock unit having very low hydraulic conductivity that restricts the movement of ground water either into or out of adjacent aquifers. Ground water occurs in aquifers under two different conditions. Where water only partly fills an aquifer, the upper surface of the saturated zone is free to rise and decline . The water in such aquifers is said to be unconfined, and the aquifers are referred to as unconfined aquifers . Unconfined aquifers are also widely referred to as water-table aquifers . 

Pollutants

A pollutant is a compound that is considered undesirable in a particular system.  In some cases, pollutants may only be undesirable in the aesthetic sense.  For instance, in groundwater taste and odor are normally considered aesthetic pollutants because they impact the desirability of the water, but they do not necessarily cause the water to be unhealthy.  Other pollutants are of concern because they pose health risks to humans.  An example of a pollutant that is typically of concern in groundwater is nitrate.  In high concentrations (> 10 mg/L) nitrate can cause Blue Baby Syndrome which can lead to the death of infants.  Thus, whenever homes that depend on a domestic well for water are sold in Minnesota the seller is required to provide evidence that the well is not contaminated with nitrate.  If the well is contaminated the buyers have to be notified and be given the opportunity to back out of the purchase agreement.  

Nitrates are typically considered non-point source pollution.  This means that they originate throughout the groundwater recharge area—in this case mostly from poorly maintained septic systems, manure from livestock, and excess fertilizer from farms.  Some pollutants are released at specific sites and are considered point-source pollution.  An example of a point-source pollutant is gasoline from a leaky underground storage tank.  Another example would be a discharge pipe at an industrial facility.  See the link in the resources section under “Pollution” for more information.
Hydraulic Conductivity 
Hydraulic Conductivity, often represented mathematically a k, is defined as the ability of an aquifer material—such as a rock or a sediment—to transmit water. For instance, loose sand has a high hydraulic conductivity because water is able to permeate through it easily. A rock such as shale typically has a low hydraulic conductivity because water does not permeate it easily. The term permeability is a synonym of hydraulic conductivity. 

Flow Nets 
A flow net is a map of potentiometric and stream lines, that represent flow in an aquifer system. A flow net can be oriented vertically (cross-section) or horizontally (map view), depending upon the application. In this lab you will experiment with horizontal (map view) flow nets. 


Flow nets consist of two sets of lines. One set, referred to as equipotential lines, connects points of equal head and thus represents the height of the water table, or the potentiometric surface of a confined aquifer, above a datum plane . The second set, referred to as flow lines, depicts the idealized paths followed by particles of water as they move through the aquifer . Because ground water moves in the direction of the steepest hydraulic gradient, flow lines in isotropic aquifers are perpendicular to equipotential lines-that is, flow lines cross equipotential lines at right angles. There are an infinite number of equipotential lines and flow lines in an aquifer. However, for purposes of flow-net analysis, only a few of each set need be drawn. Equipotential lines are drawn so that the drop in head is the same between adjacent pairs of lines. Flow lines are drawn so that the flow is equally divided between adjacent pairs of lines and so that, together with the equipotential lines, they form a series of "squares." Flow nets not only show the direction of ground-water movement but can also, if they are drawn with care, be used to estimate the quantity of water in transit through an aquifer .
	
	


Exercise
Create a flownet in ParticleFlow that is similar to Figure 1 and has the initial conditions outlined in Figure 2.  Please note that you will not need to add the colored boxes indicating the location of springs, gas stations, etc. to the model in ParticleFlow.  
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Figure 2. Initial Conditions for the model
The different colors in the Properties and on the flow net represent different rock layers.  Each rock layer has a unique set of properties, including hydraulic conductivity and porosity.  Hydraulic conductivity is a measure of how fast water can move through the rock layer.  Porosity is a measure of how much water can be stored in the voids within the rock layer.  As water moves from one rock layer to another it encounters a new hydraulic conductivity which affects the speed and direction of flow.  
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	Figure 3.  Flow parameters


We can use the ‘Flow path tracking’ feature of ParticleFlow to determine the most likely sources of the pollution that is contaminating the springs.  Use the parameters in Figure 3 for the Flow dialogue box.
By clicking in the area immediately around the spring the program will generate flow lines indicating the pathways that groundwater would take to the spring.  Do this for Springs S2 and S3.
As you are working through ParticleFlow modeling system, answer the following questions neatly and in full sentences in your notebook.

1. Based on the flow lines what is the most likely source of the contamination for Spring S3?

2. What are the most likely sources of the pollution in Spring S2?
3. If there were leaky storage tanks at gas stations 2 and 3, respectively, which springs would we expect to find the contamination in?
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	Figure 4.  Parameters for Animation Dialog.


Now we can use the animation feature of ParticleFlow to estimate the travel time between the suspected sources of the contamination and the springs.  Use the initial conditions shown to the right.  Note that you can start and stop the animation by clicking in the model area.
Start the animation.  As soon as the first flow path reaches the right side of the model area click on the model to suspend it.
(Again, answer neatly in your notebook and with complete sentences)

4. Approximately how long did it take the leading edge of the contaminant “plume” to reach: 
a. Spring S3?  Give your answer in days and in years.
b. Source of perchloroethylene to Spring S2?  Give your answer in days and in years.
c. Source of MTBE to Spring S2?  Give your answer in days and in years.
5. When did the final portion of the contaminant plume reach the springs?

a. Spring S3?  Give your answer in days and in years.

b. Spring S2?  Give your answer in days and in years.

6.  Discuss the reason(s) for the variation, assuming there were variations, in arrival of the leading and trailing edges of the contaminant plume. 

7. Assuming that the water analysis that detected the pollutants was performed this year and that it represented the very first contaminants to reach the springs after the initial release into the environment, in what year did the leaks occur?

a. Spring S3?  

b. Source of perchloroethylene to Spring S2?  
c. Source of MTBE to Spring S2?  
8. Now, assume the leaky tank was detected (due to the water analysis) and fixed this year, when will the last of the contaminant plume reach the spring?

a. Spring S3

b. Source of perchloroethylene to Spring S2?  
c. Source of MTBE to Spring S2?  
9. Our assumption has been that the plume was released instantaneously at the source.  You should have found that there is a considerable span of time between the leading and trailing edges of the plume arrival at the spring.  What implications does this have on the spring water quality?  If left unremediated, how long is the spring going to be contaminated?
10. If you recall, the owners of SELL More Gas (Gas Station 1) claim that they can’t be held liable for the pollution at Spring S3 because they closed their gas station in 1995. Does the modeling evidence support their contention of innocence? 
11. What is the width of the model area? (HINT: Refer to Figure 2) 
12. For Spring S3, based on the range of travel times for the contaminant plume, calculate the rate at which the contaminants moved. Calculate two rates, one rate for the leading edge of the plume and one rate for the trailing edge of the plume. Give your answers in meters per second 

13. How do these rates compare to the hydraulic conductivities of the bedrock units in the model area?  Consider the highest and lowest hydraulic conductivities of the rock units.    Discuss the reasons for the difference between the overall hydraulic conductivity of the flow paths and the hydraulic conductivities of the individual rock units.
14. Were the hypotheses you formulated at the beginning of the exercise supported by the modeling data? Discuss why it was useful to research MTBE and perchloroethylene prior to doing the modeling? 

15. Using the same set of techniques, identify the spring most likely to be affected by leachate leaking from the landfill. 

16. What sort of pollutant(s) would you expect to find at the spring that would indicate the landfill as the source? 
Typed, on a separate sheet of paper, summarize your findings in paragraph form.  Be sure to indicate the likely source(s) of pollution in the contaminated streams and evidence to support your conclusions.
Also, typed answer this question: How can the geologist, geophysicist, palaeontologist, or geographer assist with a criminal investigation?  Describe in your background, a specific case that has been helped by an earth scientist and a detailed description of the method(s) that was/were used.  Include your reference(s) for this answer. 


































� This paragraph is borrowed directly from Heath, 1982, Basic Groundwater Hydrology: USGS Water-Supply Paper 2220: US Government Printing Office, p. 6.


� This paragraph is borrowed directly from Heath, 1982, Basic Groundwater Hydrology: USGS Water-Supply Paper 2220: US Government Printing Office, p. 21.
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