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What are you taking away from this class today?
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The Water Cycle

from: http://water.usgs.gov/edu/watercyclehi.html  

The cycle involves 
storage places and 

movement 
between the 

storage places

Link to water vapor animation, and larger view, and more 
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Groundwater - ~30% of Earth’s freshwater exists as 
groundwater.

Water held underground within the soil or rock. 
Typically, this is thought of as water in the 
saturated zone.

It can be a renewable or a non-renewable 
resource. 

Groundwater



USES
Groundwater is used for drinking water by more 
than 50% of the people in the United States, 
including most who live in rural areas. 

The largest use for groundwater is to irrigate crops. 

Groundwater

New Yorkers use almost 900 million 
gallons per day of groundwater







Water Infiltration Recharges Groundwater





Pore spaces

Groundwater

Porosity (empty space) (%) = Pore Volume : Total Volume



Pore spaces

Groundwater

Porosity (empty space) (%) = Pore Volume : Rock Volume



Porosity

• Variety of grain shapes impacts 
porosity

• Porosity is independent of scale

Same pore volume!



Watersheds

What is a watershed?

Why are they important?
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Sourc
e

Can you identify: Hudson, Delaware, Susquehanna, Ohio, Mississippi, Missouri, Rio Grande, 
Colorado, Snake, Columbia, Sacramento river watersheds?

Can you find watersheds that don’t drain to the ocean? 









Aquifers: Saturated and permeable units that can transmits groundwater.

Aquitard: Restrictive of groundwater flow. A less permeable subsurface region. 

Aquiclude: Completely restrictive of groundwater flow.

What is permeability?
A measure of transmission. The 
state of how well water moves 
through a rock. 

Groundwater and Geology



What drives groundwater flow?

L

L

Hydraulic gradient

• Pressure differences drive fluid flow

• Pressure changes with the slope of the 

water table





How can geology affect water quality?



“Hard” WaterSmelly Water Contaminated Water



What does Yellowstone National Park have in common with Broccoli?

Sulfate  Sulfide

Sulfate is a naturally occurring in many rocks and sediments (and broccoli!)







30

(+)

Iron 
Oxide (+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Bacteria Dissolve Iron in Anaerobic Groundwater

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Iron Oxide

Dissolution

Dissolved 
Iron!



31

(+)

Iron 
Oxide (+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Bacteria Dissolve Iron in Anaerobic Groundwater

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Iron Oxide

Dissolution



32

(+)

Iron 
Oxide (+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Bacteria Dissolve Iron in Anaerobic Groundwater

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Iron Oxide

Dissolution

Dissolved 
Iron!



33

(+)

Iron 
Oxide (+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Bacteria Dissolve Iron in Anaerobic Groundwater

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Iron Oxide

Dissolution

Dissolved 
Iron! Add Oxygen 

and you get 
rust!
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Pathogens:
• Bacteria (e.g., Escherichia coli, Salmonella)
• Viruses (e.g., Hepatitis A, Norovirus)
• Parasites (e.g., Giardia, Cryptosporidium)

Nutrients:
• Nitrogen (primarily as nitrate and ammonia)
• Phosphorus

Organic Chemicals:
• Pharmaceuticals and personal care products 

(PPCPs)
• Household chemicals (e.g., cleaning agents)
• Volatile organic compounds (VOCs)

Inorganic Chemicals:
• Chloride
• Sulfate
• Heavy metals (e.g., lead, mercury, cadmium, 

zinc)



Emerging Contaminants:
• Endocrine-disrupting compounds (EDCs)
• Synthetic organic chemicals (e.g., pesticides, 
plasticizers)

Biochemical Oxygen Demand (BOD):
• A measure of the amount of oxygen that bacteria 
will consume while decomposing organic matter.





Phthalates:
• These are a group of chemicals used to make 
plastics more durable. They are found in numerous 
household products and can leach into groundwater 
from septic systems.

Per- and Polyfluoroalkyl Substances (PFAS):
• These are synthetic chemicals used in various 
industrial and consumer products for their water- and 
grease-resistant properties. PFAS are highly persistent 
in the environment and can contaminate 
groundwater through septic systems.

Microplastics:
• Tiny plastic particles resulting from the breakdown 

of larger plastic debris or from products like 
synthetic fibers from clothing. Microplastics can 
enter septic systems and eventually leach into 
groundwater.



Gases
• Methane (CH₄): Produced during the 
anaerobic digestion of organic matter in 
septic systems. Methane is a potent 
greenhouse gas and can migrate into 
groundwater.
• Carbon Dioxide (CO₂): Also produced from 
the decomposition of organic matter. High 
levels of CO₂ can affect groundwater pH and 
contribute to acidification.







Thank you for your attention

Questions?


