
Lecture Outline for Wednesday - Friday March 28 - 30, 2018 
 

Questions?  

 

Key Points for today 

• Understand how surface water enters the ground and flow flows thru sediment and rock  

• Understand what is meant by porosity and permeability and how it affects the flow of ground water 

• Understand how and why springs, hot springs and geysers form 

• Understand how groundwater is used as a water source and what problems occur with its over use 

 

Chapter 16  Hidden Reserve: Groundwater  

The Water Cycle – be familiar with the hydrologic cycle and the different reservoirs where water is stored 

 

Why should we be concerned? 
Groundwater is : 

 ________________________ for more 50% of all people 

 40% of___________________________________ 

 important for livestock & industry 

 an overused resource resulting in: 

 - water shortages 

 - land subsidence 

 - contamination 

 

How does groundwater get there? 

________________ – Process  where water (i.e. snow or rain) soaks into the cracks or pore spaces within rocks, 

sediment or soil. 

Infiltration (Recharge) depends on: 

• Condition and type of surface materials 

• Vegetation 

• Topography 

• Precipitation 

 

Water table – _____________________________________________________________________ 

Water table is __________________________ – it varies from season to season 

“Gaining Stream is a stream where _________________________________________ 

“Losing Stream” is a stream that ___________________________________________ 

Porosity – _____________________________________________________________________________.  

May be fractures within rock or spaces between grains. 

 

Permeability – The ____________________________________________________________________in rock 

or sediment.  Spaces must be connected! 

How do grain size, grain sorting and cement affect porosity and permeability? 

Porosity and permeability  

    – unconsolidated sediments 

Does a gravel have more porosity than a clay? 

Gravel has large pores and clay has extremely fine pores; mud from the Mississippi River delta consists of 

~80% water.  This is much higher than gravel would have, but the gravel pores are interconnected (high 

permeability) the pores of the clay are generally isolated (very very low permeability).  

 As particle size decreases porosity increases and permeability decreases.  

 

 



    – consolidated – sedimentary rock 

Because the sediment has been lithified (compaction and/or cementation) the excess water has been squeezed 

out.  As the grain size decrease both the porosity and permeability also decrease  

Sorting- 

     Materials with ________________________________________________________________________ 

      than a well sorted material for the same grain size. 

Compaction- 

    Increased pressure from burial compresses the particles and the excess water is squeezed out. 

Cementation-  

     Cement  _____________________________________________________porosity and permeability 

 

Groundwater Storage 

_________–sediment or rock that store and transmit groundwater in sufficient quantities. 

  ________ porosity and ________ permeability. 

 Rock types? 

 

unconsolidated                           consolidated 

__________________               _________________________________________________ 

 

______________ (also called Confining Beds) – sediment or rock through which water cannot move, or moves 

very slowly. 

 ________ Permeability (Porosity varies). 

 Rock Types? 

 

unconsolidated                               consolidated 

 ______________________            _____________________________________________    

 

Two types of aquifers: 

________________________ aquifer – an aquifer that is open to the surface.  Contains unsaturated and 

saturated zones  which define a water table. 

__________________ aquifer – is an aquifer that is sandwiched between two aquitards.  It is ____________ 

__________________________. 

 

__________________________ – water in a confined aquifer is under pressure and rises above the level of the 

well, _____________________________________________ 

 

 

                        
 

 

Can igneous and metamorphic rock be aquifers?  _____________________________________________ 

______________________________________________________________________________________ 

 



 

Pullman Groundwater 
- Our aquifer is the___________________________________________ 

- The water is about 10,000 years old 

- The water table is dropping about 2 feet per year 

 

Ground water "Recharge" can take a long time. 

   days, years, centuries depending on the flow path 

 

Springs, hot springs, geysers 
Springs:  Where the surface intersects the water table 

Hot springs: Spring w/ water 6-9ºC (10-15º F) warmer than mean annual air temperature 

Geysers:  Intermittent hot fountains/columns of water __________________________________ 

 

 

What happens when groundwater withdraw is greater than groundwater recharge? 

• _________________________________ - Excessive pumping draws down the water table into a cone-

shaped depression around a pumping well. 

• Saltwater Intrusion - Fresh water is___________________________________ and 

_____________________ draws saltwater into well near the ocean 

• _____________________ - When water is removed from pore spaces/cracks in sediment/rocks, the 

________________________________________________________________________________.  

Examples - New Orleans, Las Vegas, Mexico City, Central California, Venice Italy 
 

 

Groundwater Withdraw > Groundwater Recharge 

• _________________________________ - Excessive pumping draws down the water table into a cone-

shaped depression around a pumping well. 

• Saltwater Intrusion - Fresh water is___________________________________ and 

_____________________ draws saltwater into well near the ocean 

• _____________________ - When water is removed from pore spaces/cracks in sediment/rocks, the 

________________________________________________________________________________.  

Examples - New Orleans, Las Vegas, Mexico City, Central California, Venice Italy 
 

 

 

Lecture Outline Friday March 30, 2018 
Questions? 

 

Key Points for today 

• Understand how and where caves form. 

• Understand how groundwater may be contaminated, and some possible ways to remedy the situation 

 

Chapter 16  Hidden Reserve: Groundwater   part 2 

Erosion by Groundwater 

Dissolution  

• Chemical weathering process by which ________________________________________________. 

• Most commonly _______________________ 

• Water picks up CO2 from the atmosphere and from the soil and becomes slightly acidic (carbonic acid). 

• Acid is strongest at the level of the water table. 



• __________________________ is the name given to a hilly surface characterized by the presence of 

sinkholes, caverns and the lack of surface streams. 
 

 

Cave Formation (need to know for exam) 

1. Dissolution occurs near the water table, enlarging previous fractures. 

2. Water table drops - leaves a cavity full of air 

3. Water infiltrates from above dissolving limestone and minerals precipitate as water enters void space. 

4. Minerals (calcite) precipitate as formations known as speleothems. 

     - ___________________ – cave formation attached to roof 

       - ___________________ – cave formation attached to floor 

  - column  forms ______________________________________________________________ 

 

Sinkhole – __________________________________________________________________________.   

__________________________________ Example Winter Park, Florida    
 

__________________________________ - Stream flows into surface entrance to cave, and flow underground 

 

 

Groundwater is recharged by infiltration and the same process is responsible for introducing many 

contaminates into our Water Supply 

 

Just like groundwater and surface water, agents of_________________________________________ 

__________________________________________________________________________________. 

 

Contamination of Water Supply 

• gas stations and other storage tanks (LUST program Leaky Underground Storage Tanks) 

• ____________________, old dumps 

• evaporation ponds and beds: associated with industry, an EPA survey found 180,000 such ponds and 

beds in U.S. of which 77%  were unlined 

• _______________________  

• sewage and feedlots  

• radioactive wastes  

• pesticides/herbicides/fertilizers 

• many more.  

 

Groundwater ___________________________________________________________________________ 

______________________________________________________________________________________l. 

 

 

Consider the following questions: 
You bought a piece of land in a rural area to build your house; you need both a water well and a septic system.  

Where are you going to put them? 

 

 

You just bought a house in a rural area and after you move in you notice that the water tastes a little strange.  

What are you going to do? 

 

 

 

 

 



Radioactive waste storage 

Yucca Mountain, Nevada 

Yucca Mountain - Storage Site for Nuclear Waste? 

  

Need:  A nuclear waste site that WILL NOT FAIL at isolating waste from contact with water and biological 

organisms. (controversy - time frame for storage 20,000 years- to millions of years) 

  

Proposed Site: Yucca Mountain 

Cost to study the site: $6 billion 

 

Cited Concerns 

1. The area is faulted.  One of which produced an earthquake of mag. 5.6 in 1992 (ACTIVE!). 

2. The site has economic potential (metals, oil, gas).  Future exploration could release radioactive waste. 

3. Climates change.  Water table can change. 

This is a concern because veins of calcite are found at the site, EVIDENCE of more extensive 

groundwater infiltration in the past. 

 

What do you think? 

Is it a good concept to put all radioactive waste in one area?    

 

 

 

 

 

Is there any place that would be an ideal location? 

 


