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Tidal Marsh / Coastal Wetlands
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How do humans influence flooding?
• Paving covers natural surfaces that otherwise might absorb water

• Storm sewers may divert water into natural streams causing them to flood

• Housing developments or agricultural fields replace natural wetlands, which normally 
capture runoff and act as water storage reservoirs

• Construct dams

• Control floods

• Store water

• But, risk failure

https://web.mst.edu/~rogersda/st_francis_dam/046.jpg

Collapse of the St. Francis Dam near Santa Clarita, 1928

Killed 450 people

https://web.mst.edu/~rogersda/st_francis_dam/046.jpg


Oroville Dam & Spillway, February 2017

Extended (7:26) coverage of Oroville dam

Lake Oroville

• Between February 6 – 10, 

2017, 12.8 inches of rain fell 

in the Feather River Basin

• Inflow was 30,000 cu ft/sec 

on 2/6/17, but peaked at 

190,435 cu ft/sec on 2/9/17

• Downstream: 180,000 

people evacuated 

Floods – collapse of constructed dams

Geological Work

https://youtu.be/NjbbW37qzak
https://www.youtube.com/watch?v=jXfx-yt3m18
https://youtu.be/NjbbW37qzak?t=302


Floods – collapse of constructed dams
Lake Oroville, CA (Engineering Geologists)
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Flood Control Dams
• Historically - Powerful storms and rapidly melting 

snowpack led to periodic flooding in Bakersfield 
• Levees along the river helped, but flood 

concerns directed growth eastward toward 
the bluffs

• The Flood Control Act of 1944 funded construction 
of Isabella Dam

• Greatly reduced the flood risk to the city
• Allowed residential development to grow 

westward

http://socalregion.com/highways/sr_178/ http://fishsniffer.com/forums/showthread.php?t=125932

19th & 22nd Streets, 1893

Construction of Isabella Main Dam, 1950

http://www.sonnysredwoods.org/library/bakersfieldfloods.cfm?fbclid=IwAR0pPwFirKAvp1JYxqJrkV_QyHTqrm7oMhk_0mXuWwTTq-6gqIsufeA4350
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Lake Isabella – Unlikely event of Main Dam Failure

Depth 

(ft.)

Floods – collapse of constructed dams



Lake Isabella – We’ll have a little time

Time 

(hrs.)

Floods – collapse of constructed dams
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Lake Isabella – Dam Safety Project, 2013 - 2022

Floods – collapse of constructed dams

https://www.spk.usace.army.mil/Missions/Civil-Works/Isabella-Dam/isabella_archive/
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Torrey Pines State Beach, San DiegoWetlands:
• Introduction to Wetlands
• Importance of Wetlands
• Wetlands Reclamation
• Introduction to Groundwater



Introduction to Wetlands
• Wetland = land area saturated with water

– Characterized by long periods of water saturation, poorly drained soils, 
and specific types of plants.

• Two types: coastal and freshwater

a: © David Stubbs/Aurora/Getty Images

• Wetland protection:

– Ramsar Convention: An international treaty intended to preserve and 
protect wetlands around the world (more than 531 Million acres worldwide, 
38 sites in the U.S.)
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https://www.ramsar.org/wetland/united-states-of-america

Introduction to Wetlands

Ramsar sites in California

Bolinas Lagoon

San Francisco 
Bay Estuary

Laguna De Santa 
Rosa Wetlands

Tomales Bay

Grassland 
Ecological Area

Ash Meadows 
National Wildlife 

Refuge

Tijuana River 
National Estuarine 
Research Reserve

Bay 
Area
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https://en.wikipedia.org/wiki/San_Francisco_Bay

Ramsar Site:
San Francisco Bay/Estuary
• One of North America's most 

ecologically important estuaries 
• Largest on the Pacific Coast (395,000 

acres)
• 77% of California's remaining 

perennial estuarine wetlands 
• Provides key habitat for a broad suite of 

flora and fauna 
• Numerous plant species and over 

1,000 species of animals
• More wintering shorebirds than 

any other estuary along the US 
Pacific Coast south of Alaska 

• Valuable for
• flood protection
• water quality maintenance
• nutrient filtration and cycling
• carbon sequestration. 

• Development pressures threaten 
wetland habitats not owned or 
managed for conservation. 

Introduction to Wetlands

San 
Francisco



Wetland Types

b: © Raymond Gehman /Corbis 

c: © Andrew Brown; Ecoscene/Corbis

Marsh: 
continually 
inundated 
with water

Tidal 
Marsh: 
coastal

Bog: peat; 
acidic 
conditions

d: © tonda/iStock/Getty Images

Swamp: dominated 
by woody plants
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Introduction to Wetlands
Wetlands must meet the following criteria:

• Hydrologic conditions – water present on land surface, or 
soils in root zone must be saturated during growing season 
or longer.

https://www.sfei.org/WRAPPTechnicalSupport#sthash.FBDHaEGT.dpbs

San Francisco Bay/Estuary
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Introduction to Wetlands
Wetlands must meet the following criteria:

• Specific plants (hydrophytic vegetation) that are water-
tolerant and grow under wet conditions (e.g. cattails, wild 
rice, willows, sawgrass) must be present

Tule marsh
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Introduction to Wetlands
Wetlands must meet the following criteria:

• Poorly drained soils (hydric soils) that exhibit anaerobic 
conditions during growing season

http://web.utk.edu/~ctmelear/ossabaw/PattersonStanfordSutton/wetlandL1.html



Wetlands
• In lower 48, largest wetland areas are in Texas, Florida, Minnesota.
• Outside of Alaska, wetlands have declined by 55% since 1600’s.
• 10% or less of original wetlands remain in California, Ohio, and Iowa.
• Losses are due to agriculture, urbanization, and development.

https://www.fws.gov/wetlands/nwi/overview.html



Wetlands
Why should we care?

Wetlands perform many positive functions in the 
environment such as: 

• improving water quality in rivers and groundwater
by filtering out sediments and contaminants, 

• providing breeding grounds for fish and shellfish 
which supports commercial fishing, 

• providing ecological habitats for migrating birds, 

• modifying the effects of flooding by slowing runoff, 
and storing water

• providing recreation for humans.
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https://www.hcn.org/articles/the-disappearing-wetlands-in-californias-central-valley

Wetlands in the Great Valley

Only about 5% of the Great Valley remains in 

its “natural” state
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>140 years ago a large 
lake existed in the SJV

SJV Soil
Climate, Biology & Time:
An old, slowly formed soil 
which attained most of its 
profile under climatic 
conditions of the past
• 140 years ago, Tulare Lake 

was part of the largest 
freshwater lake west of the 
Mississippi River. 

• Marsh and wetlands 
covered more than 690 
square miles 

• By early 20th century, 
Tulare Lake was nearly dry -
its source rivers diverted 
for water supply elsewhere
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Wetlands Nearby – Tulare Lake Basin

1850

1912

2000

Key

Transition from natural environment 
to irrigated and urban land

Natural Environment
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Conservation – Kern National Wildlife Refuge

https://www.fws.gov/refuge/Kern/wildlife_and_habitat/index.html

• In 1960, the U.S. Department of the Interior established the Kern National Wildlife 
Refuge, an 11,000-acre area 19 miles west of Delano devoted to re-creating and 
preserving the habitats that once dominated the area.

https://www.bakersfield.com/life-on-the-wilder-side-kern-wildlife-refuge-dedicated-
to/article_28917bb8-0b84-5ec4-9b34-d9e277b1e5b2.html

Wetland Conservation:
Restore -
• Waterfowl habitat
• Marshes
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Reclamation and Human-made Wetlands

https://en.wikipedia.org/wiki/San_Ardo_Oil_Field#/media/File:SanArdoOilFieldMap.jpg

Case Study: 
San Ardo Oil Field, 
Monterey County, CA 
• Hwy 101 north of Paso 

Robles, adjacent to the 
Salinas River 

• Expected to produce 530 
Million Barrels of Oil*

• *22 Billion gallons 
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http://photos.montereyherald.com/2016/10/22/photos-san-ardo-oil-field/#1

Reclamation and Human-made Wetlands
Water production:
• As much as 6 Million gallons per 

day
• Some is recycled for oil field use

• Make steam for heavy oil 
production

• Much needs to be reclaimed or 
disposed of

• Produced water quality:
• Brackish (Salts)
• Oil droplets
• Organics 
• Boron
• Sulfides
• Silica
• Dissolved solids
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San Ardo Oil Field

https://en.wikipedia.org/wiki/San_Ardo_Oil_Field#/media/File:SanArdoOilFieldMap.jpg

Reclamation and Human-made Wetlands

Salinas River adjacent to San 
Ardo Oil Field

Waste disposal options/issues:
• Surface disposal: adjacent to 

the Salinas River
• Underground disposal: 

hinders operations -
increases formation pressure

• Treatment: extremely 
expensive

Ultimate water production:
• 334 Billion gallons
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Reclamation and Human-made Wetlands

Treatment & 
Beneficial Re-use
• Reverse osmosis technology for 

desalination – a multiple step 
process employed to remove 
contaminants 

• Salts are removed
• Discharged to wetlands 

which act as a buffer 
between the desalination 
facilities and the aquifer 
recharge basins

• Recharge enters a shallow 
aquifer that is ultimately 
used for irrigation

Water treatment facility
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Reclamation and Human-made Wetlands

• Wetlands act as a 
natural filter between 
the desalination 
facilities and the 
aquifer recharge 
basins

• Recharge water 
enters a shallow 
aquifer 

• Water is then 
pumped from wells 
used for irrigation



29

Reclamation and Human-made Wetlands
Recharge water percolates into the ground becoming a groundwater aquifer

Recharge pond in San Ardo Oil Field, CA
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Drinking Water & Groundwater

© 2018 LDrennan

Groundwater Recharge Pond: Bakersfield, California

Man-made “wetlands”



Our Drinking Water

https://salud-america.org/water-and-the-health-of-latino-kids/

https://salud-america.org/water-and-the-health-of-latino-kids/


Our Drinking Water
Which is better to drink?

Whether from a bottle or the tap, our drinking water really 
comes from the same “place” and undergoes similar 
processing and monitoring to make it safe
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Our Drinking Water

Kern River & its Drainage Basin
Tule River & its Drainage Basin

Sierra 
Snowpack

Olancha

Olancha



Your Drinking Water
The consumption of bottled water in the U.S. is growing fast 

- faster than any other beverage.

Tap water has to meet the same, or higher standards, and costs 
1,000 times less than bottled water.

About ¼ of all bottled water is simply bottled tap water.

Pollution from 
plastic waste is 

a worldwide 
problem!
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Next class:
Groundwater

© 2018 LDrennan



Floods
• Historical flood info can 

be used to determine 
how frequently flooding 
has occurred in the past
- to estimate the 
likelihood of future 
floods.

• Recurrence interval = 
the average time in 
years between floods of 
the same size.


