Determining Groundwater Contamination 
Background & Objective

Underlying a military base in northeastern Michigan is a shallow sand and gravel unconfined aquifer, a subsurface layer that is permeable enough to conduct groundwater and to yield water readily to wells and springs. The water table lies between 10 and 25 feet below the ground surface. The surface of the land is roughly 600 feet above sea level. A leak in a buried storage drum has allowed a toxic organic liquid to enter the aquifer. This contamination is a potential risk to drinking water supplies on the military base, as there are three drinking water wells drawing out water on the base. 

Our objective is to determine which way a plume of contaminated groundwater will move, which drinking water wells will be affected, and how long it will take for the contaminants to reach the wells.

Background definitions

Groundwater: water that accumulates beneath the 

   ground surface and fills the available pore spaces

Water table: the boundary between the area saturated 

with water (zone of saturation) and the overlying area

(zone of aeration) 

Procedure:

1. Look at Table 1. This lists the surface elevation (feet above sea level) and the depth to the water table for 55 small wells on the military base. The wells were drilled for various purposes and their locations are shown on the map of the base: Figure 2. English units will be used this time as ground elevation data is given in feet (and conversion to metric units will give fractional elevation data more difficult to use).
2.  Using the data in Table 1, calculate the elevation of the water table at each well by subtracting the depth to the water table from the elevation of the well at the ground surface. Record in Table 1.

3. On one copy of Figure 2, plot the elevation of the water table at each well by writing the number (small) next to each well.

4. Using one pencil or erasable colored pencil, make contour lines to show the water table elevation. Each contour line should be at an interval of one foot. 

Make a key with this color labeled as “contour lines.”
5. Groundwater will flow from high to low elevations. The direction of groundwater flow is generally perpendicular to your contour lines of the water table elevation. Using a colored pencil, draw short arrows (called flow lines) at several places on your map to show the direction of groundwater movement.
6. The pollution plume will spread quickly to a width of about 500 feet in the vicinity of the well. Shade in the area of the pollution plume with a new colored pencil. Add this color to your key. 
   Based on the direction of groundwater movement, which of the three drinking water wells (labeled) is 
   likely to be contaminated by the effluent, or outflow, from the leaking storage drum?

7. What is important next is to determine how fast the contaminants would spread from the storage drum to this threatened drinking water well. The velocity of the groundwater movement from the drum to the well can be determined from Darcy’s Law: V = K(∆H/∆L). 
K = The hydraulic conductivity, the rate at which the groundwater can move through the aquifer
       This depends on the aquifer permeability, soil and fluid properties. 
       For this particular aquifer, the hydraulic conductivity = 100 feet per day

∆H = The hydraulic gradient: the vertical drop of the water table in feet from the drum to the well
∆L = The horizontal distance of the groundwater flow in feet
8. First, determine the hydraulic gradient (feet) between the storage drum and the threatened well. 


∆H = ____________________

Then, determine the horizontal distance (feet) between the storage drum and the threatened well. Use the Figure 2 key and a ruler! Round your answer to four decimal points.

∆L = ____________________
Then, calculate the velocity of the groundwater flow from the storage drum to the well (in feet per day).


V = _______________________

9. Using the formula, Time = Distance/Velocity  (based on the formula: velocity = distance/time), 
determine how long it will take the contaminants to reach the well. (Assume no loss of contaminants by 
absorption). Express your answer in years (and round to one decimal point).


Years it takes for contaminants to spread from drum to contaminated well: _________________
10. A new well is scheduled to be drilled at point P (shown on Figure 2). Because of the high pumping requirement, the water table is expected to be lowered by 15 feet at this well. Table 2 below shows the water-table lowerings based on the cone of depression that will occur in the area around the well. The cone of depression will extend to a radius of 1,000 feet around the well.

Table 2: Water table lowerings based on well P’s expected cone of depression

	Distance from well (feet)
	Predicted amount of water table lowering (feet)

	0
	15

	250
	10

	500
	6

	750
	3

	1,000
	1


11. Use a new colored pencil and recontour the portion of the water table that is affected by the new well (the area within 1,000 feet of well P). You can use a contour interval of two feet now. Add this color to your key (as the “new contour lines with well P”). 

12. Using this same new color, now draw new flow line arrows showing the direction of water flow (remember arrows should be about perpendicular to the contour lines). 

13. Think about what effect the new well will have on the direction of movement of contaminants from the storage drum. What consequences would likely occur? (This is one of your analysis questions).
14. Calculate how long it would take for contaminants to reach well P. 
Lab report:

Full lab report for this lab. Some notes on what to include in some of the sections…

Results section should include: 
- Your map (just attached)

- A labeled table including the six quantitative results you determined: 

    K, ∆H, ∆L, & V for the movement of groundwater from the drum to the contaminated well (#7-8)
    The number of years it will take for contaminants to spread from drum to contaminated well (#9)

    The number of years it will take for contaminants to spread from drum to new well P (#14)

Analysis Questions:

1. Which of the three established drinking water wells is likely to be contaminated by the storage drum’s toxins? How did you determine this?

2. You calculated the flow of the contaminants and time it would take to contaminate the drinking water well based on a formula. What could potentially affect this timing (slow it down or spread it up) in reality? 

3. What was the effect of adding the new well P on the groundwater flow (as shown by your re-drawn contour lines and flow lines)?

4. What was the effect of adding the new well P on the flow of contaminants from the storage drum?

Conclusion: 

Same three ideas as always. Remember to summarize all the conclusions you made throughout the lab (review the objectives at the beginning of the lab and questions throughout to help).
