Name _______________________________                Chapter 11 Groundwater Investigation Worksheet
Chapter 11 Groundwater Investigation Worksheet 


[image: image1.jpg]PRRVAPY INVESTIGATION |

Who PollutedSurface and
sroundwater in This Place?

URFACE WATER AND GROUNDWATER IN THIS AREA are contaminated. You will use the geology of the
rea, along with elevations of the water table and chemical analyses of the contaminated water, to determine
vhere the contamination is, where it came from, and where it is going. From your conclusions, you will
lecide where to drill new wells for uncontaminated groundwater.

1. The region contains a series of ridges to the
east and a broad, gentle valley to the west.
Small towns are scattered across the ridges and
valleys. There are also several farms, a dairy, and
a number of industrial sites, each of which is
labeled with a unique name.

Goals of This Exercise:

o Observe the landscape to interpret the area’s geologic setting.
e Read descriptions of various natural and constructed features.

o Use well data and water chemistry to draw a map showing where contamination
is and which way groundwater is flowing.

2. A main river, called the Black River for its

unusual dark, cloudy color, flows westward (right
to left) through the center of the valley. The river
contains water all year, even when it has not
rained in quite a while. Both sides of
the valley slope inward, north and
south, toward the river.

e Use the map and other information to interpret where contamination originated,
which facilities might be responsible, and where the contamination is headed.

o Determine a well location that is unlikely to be contaminated.

e Suggest a way to remediate some of the contamination.

rocedures

Jse the available information to complete the following steps,

ntering your answers in appropriate places on the worksheet. e

1. This figure shows geologic features, rivers, springs, and human-
constructed features, including a series of wells (lettered A through P).
Observe the distribution of rock units, sediment, rivers, springs, and
other features on the landscape. Compare these observations with the
cross sections on the sides of the terrain to interpret how the geology
is expressed in different areas.

2. Read the descriptions of key features and consider how this
information relates to the geologic setting, to the flow of surface
water and groundwater, and to the contamination.

3. The data table on the next page shows elevation of the water table in
each lettered well. Use these data and the base map on the
worksheet to construct a groundwater map with contours of the water
table at the following elevations: 100, 110, 120, 130, and 140 meters.
On the contoured map, draw arrows pointing down the slope of the
water table to show the direction of groundwater flow.

4. Use the data table showing concentrations of a contaminant, purposely
unnamed here, in groundwater to shade in areas where there is

contamination. Use darker shades for higher levels of contamination. o :
3. Drilling and gravity

5. Use the groundwater map to interpret where the contamination most surveys have shown that
likely originated and which facilities were probably responsible. Mark a the valley is underlain by a
large X over these facilities on the map and explain your reasons in thick sequence of relatively
the worksheet. unconsolidated and weakly
. 5 : : : ; LT
6. Determine which of the lettered well sites will most likely remain free cemented sandtancligieve filhetdeepes i ite
i : basin has been downdropped by normal faults, one of
of contamination, and draw circles around two such wells. e :
which is buried beneath the gravel.
7. Devise a plan to remediate the groundwater contamination by drilling

wells in front of the plume of contamination; mark these on the map
with the letter R.






[image: image2.jpg]WATER RESOURCES 523

6. Bedrock units cross the landscape
in a series of north-south stripes,
parallel to the strike of the rock lay-
ers. One of the north-south valleys is
named Coal Mine Valley because it
contains several large coal mines and
a coal-burning, electrical-generating
plant. An unsubstantiated rumor says
that one of the mines had some sort
of chemical spill that was never
reported. Activity at the mines and
power plant has caused fine coal
dust to be blown around by
the wind and washed
into the smaller
rivers that flow
along the
valley.

7. A north-south ridge is
composed of sandstone,
which geologists call the
lower sandstone. A few
nice-tasting, freshwater
springs issue from the
sandstone where it is cut
by small stream:s.

17,1252 Stratigraphic Section

Gravel-Unconsolidated sand and gravel in the lower
parts of the valley
Upper Sandstone—Well-sorted, permeable sandstone

Upper Shale—Impermeable, with coal

Sinkerton Limestone—Porous, cavernous limestone
Middle Shale-Impermeable shale

Lower Sandstone—Permeable sandstone

Lower Shale—Impermeable shale

Basal Conglomerate—Poorly sorted with salty water

Granite—Sparsely fractured; oldest rock in area

8. The highest part of the region is a ridge of granite and
sedimentary rocks along the east edge of the area. This ridge
receives quite a bit of rain during the summer and snow in
the winter. Several clear streams begin in the ridge and
flow westward toward the lowlands.

9. A coal-burning power plant was built over tilted beds
of a unit named the Sinkerton Limestone, so-called
because it is associated with many sinkholes, caves, and
karst topography. The limestone is so permeable that
the power plant has had difficulty keeping water in
ponds built to dispose waste waters that are rich in the
chemical substances that are naturally present in coal.

10. The tables below list water-table elevations in meters
and concentrations of contamination in milligrams per liter
(mg/L) for each of the lettered wells (A—P), and the concentration of
contamination in samples from four springs (S1-S4) and eight river seg-
ments (R1-R8). The location of each sample site is marked on the figure.
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To complete this worksheet, see the instructions in the textbook (Chapter 17 Investigation).
	Table 1:  Location Map
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	This map has locations of wells (lettered A to P), samples of river water (labeled R1 to R8), and samples of springs (labeled S1 to S4). Various farms, factories, mines, and other facilities are also shown. Only the roads and outlines of the facilities are shown, not the actual buildings and other details. Colors (or shades of gray) on the worksheet represent in a general way the types of rocks and sediment exposed on the surface; check the cross section in the textbook for details. Draw on this map the following: (1) contours of water-table elevations and draw large arrows showing the direction of groundwater flow; (2) a separate set of contours for concentrations of contamination and use the two sets of contours to determine which facilities caused the contamination; (3) a large X next to the facilities; (4) circles around two wells that you predict will remain free of contamination; and (5) the location of wells you propose to drill to intercept the contamination. Reference the textbook for additional information.


Table 2. Elevations of the Water Table and Concentrations of Contamination
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	This table shows water-table elevations in meters and concentrations of contamination in milligrams per liter (mg/L) for each of the lettered wells, and the concentration of contamination in samples from four springs and eight river segments. The location of each sample site is marked on the figure.


	Table 3.  Stratigraphic Section

	This stratigraphic section represents the sequence of rock units that underlie the area. Consider how well groundwater would flow through each layer by considering the typical permeability for this rock type, along with the additional information contained within this figure and within the descriptions in the textbook (Chapter 17 Investigation).
	[image: image5.png]Stratigraphic Section

Basin Fill-Unconsolidated sand and gravel in the
lower parts of the valley
Upper Sandstone—Well-sorted, permeable sandstone

Upper Shale—Impermeable, with coal

Sinkerton Limestone—Porous, cavernous limestone
Middle Shale—Impermeable shale

Lower Sandstone—Permeable sandstone

Lower Shale—Impermeable shale
Basal Conglomerate—Poorly sorted with salty water

Granite—Sparsely fractured; oldest rock in area.







1. Where does the water table have its lowest elevation, based on the wells?
a. in the eastern part of the area, near Slidetown 
[image: image6.wmf]
b. near the ridge, west of Kellogg 
[image: image7.wmf]
c. near Springtown 
[image: image8.wmf]
d. in the western part of the area, by Riverton 

2. Based on your contours of water-table elevations, what is the overall direction that groundwater flows?
a.       a.   to the north 
b. [image: image9.wmf]b. to the east 
c. [image: image10.wmf]c. to the south
d. [image: image11.wmf]d. to the west 

3. From your analysis, which facilities caused the contamination? From the list below, choose two sites that probably caused the contamination. 
Note: a recent geologic study has shown that Slidetown and Springtowm are NOT sources of contamination.

[image: image12.wmf]a. Cornhead Coal Mine
[image: image13.wmf]b. Coal Power Plant
[image: image14.wmf]c. Midnight Coal Mine
[image: image15.wmf]d. CQ Coal Mine
[image: image16.wmf]e. Purely Plastics
[image: image17.wmf]f. Jim's Dairy
[image: image18.wmf]g. Earl's Fuel Depot
[image: image19.wmf]h. Walt's Farm
[image: image20.wmf]i. Metal Works
[image: image21.wmf]j. Driller's Farm
[image: image22.wmf]k. Birk Chemical Plant

4.  In which part of the area in the Investigation would you most likely find uncontaminated groundwater? Note: See the textbook graphic for a North arrow indicator.
[image: image23.wmf]a. north
[image: image24.wmf]b. east
[image: image25.wmf]c. south
[image: image26.wmf]d. west

5.  Identify two or three (currently) uncontaminated wells where you would drill nearby to intercept the contamination and consequently clean up and remediate the contamination.

[image: image27.wmf]a.   A, B, and/or C
[image: image28.wmf]b.   E, F, and/or G, K
[image: image29.wmf]c.   D, H
[image: image30.wmf]d.   I, J, and/or L
[image: image31.wmf]e.   M, N, and/or P

	Table 4.  Proposed Remediation Plan

	In the space below, briefly summarize your conclusions about the sources of the contamination, explaining the logic you used to identify facilities that contaminated the water. Briefly summarize how you propose to stop further flow of contaminated water, specifically by drilling wells to intercept and treat the water. Justify your location of the treatment wells.


Source: Reynolds and others, McGraw Hill
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