
Chapter 17 
 
Exercises 
 
1. The main reservoirs of water at and near Earth’s surface are oceans and seas, lakes and 
rivers, glaciers and polar ice, underground reservoirs, the atmosphere, and the biosphere. 
 
2. Mountains form rain shadows where their elevation causes moist air masses moving 
over them to precipitate most of that moisture as rain and snow.  In the lee of that 
mountain range, cooler and dryer air thus descends forming a rain shadow. 
 
3. An aquifer is a rock formation through which groundwater flows in sufficient quantity 
to supply wells. 
 
4. The difference between the saturated and unsaturated zones of an aquifer lies in the 
fact that the saturated zone does not have any air in the open (pore) spaces. 
 
5. Aquicludes form a confined aquifer by providing a barrier to the outward flow of water 
from the aquifer. 
 
6. Waters from an artesian well flow to Earth’s surface without pumping because the 
weight of water within the aquifer provides sufficient pressure. 
 
7. Recharge and discharge are rarely balanced so that they keep the groundwater table at 
a constant level; however, this can occur where rainfall is frequent enough to compensate 
for runoff in streams and the outflow from springs and wells.  
 
8. Darcy’s law relates groundwater movement to permeability using an equation in which 
the variables are the cross-sectional area of the aquifer through which the volume of 
water flows (A); the hydraulic conductivity of the aquifer, a measure of the permeability 
of the rock or soil that composes it (K); the hydraulic gradient (ha – hb), and the distance 
between them (l). 
 
9. Groundwater creates karst topography by dissolving limestone or other carbonate-
bearing rocks.  The dissolved limestone thus contains caves and caverns, which can 
collapse from above and create karst topography. 
 
10. The sources of water in hot springs are groundwater and magmatic waters. 
 
11. Some common contaminants in groundwater are lead, chlorinated solvents (such as 
trichloroethylene, or TCE), medical and industrial wastes, radioactive wastes, nitrite 
fertilizers, gasoline and other fuels, and microorganisms. 
 
12. Microorganisms survive deep in Earth’s crust by consuming rock and mineral 
material.  They dissolve and metabolize the minerals in rocks. 
 



Thought questions 
 
1. If global warming caused evaporation from the oceans to increase greatly, the 
hydrologic cycle of today would be altered by increased rain and snow fall, which would 
in turn increase runoff into lakes and oceans and infiltration underground. 
 
2. If you lived near the seashore and started to notice that your well water had a slightly 
salty taste, you might explain the change in water quality by the possibility that the salt 
water margin (the boundary between fresh and salt water) under your property was no 
longer sloping sufficiently seaward to keep salty water from the sea from entering your 
well pipe. 
 
3. You should recommend against extensive development and urbanization of the 
recharge area of an aquifer that serves your community because that is the place where 
fresh groundwater enters the local aquifer.  Contamination of the recharge area, which 
may happen with development and urbanization, can ruin an aquifer more or less 
permanently. 
 
4. If it were discovered that radioactive waste had seeped into groundwater from a 
nuclear processing plant, the kind of information that you would need to predict how long 
it would take for the radioactivity to appear in well water 10 km from the plant includes:  
the hydraulic conductivity of the aquifer, a measure of the permeability of the rock or soil 
that composes it, and the hydraulic gradient. 
 
5. Regarding hot springs and geysers, the geologic processes that you would infer are 
taking place below the surface at Yellowstone National Park are magmatic intrusion 
convective heating going on in the contact zone with meteoric groundwater flow. 
 
6. Communities should ensure that septic tanks are maintained in good condition so that 
organic wastes to not enter the local aquifer system. 
 
7. More and more communities in cold climates are restricting the use of salt to melt 
snow and ice on highways because the dissolved salt may enter the local aquifer when 
melt water from highways soaks into aquifer recharge areas. 
 
8. Assuming that your new house is built on soil-covered granitic bedrock (Note: 
Although you think that prospects for drilling a successful water well are poor, a well 
driller who is familiar with the area says he has drilled many good water wells in this 
granite.), you might argue with a local driller that granite is a rock that has little 
permeability and thus likely contains no appreciable water.  The driller might argue that 
in his experience, the granite in your area contains extensive networks of fractures and 
joints and these permit the influx and flow of significant quantities of groundwater in an 
otherwise impermeable rock. 
 
9. The hydrologic cycle might have been different 18,000 years ago, at the Wisconsin 
glacial maximum, when much of North America, Europe, and Asia were covered with ice 



because the ice cover and cold conditions prevented much of the potential runoff and 
infiltration from occurring.  Water not returning to the oceans meant that the sea level 
would have been lower and that water, which would normally cycle more freely through 
the hydrologic cycle, was trapped as ice.  Water not soaking into the ground meant lower 
water-table levels. 
 
10. While you are exploring a cave, a small stream that you see flowing on the cave floor 
could have been coming from effluent from the local water table that is coming through 
fractures in the local carbonate bedrock. 


