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Oroville Dam, tallest in US at 230 m

http://www.water.ca.gov/swp/facilities/Oroville
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Oroville – Thermolito Pumped Storage Complex

Lake Oroville

Oroville Dam 
and Hyatt PSPP

Thermolito 
Diversion Pool

Thermolito Diversion 
Dam and Powerplant

Thermalito 
Power Canal

Thermalito Forebay

Thermalito Dam and PSPP

Thermalito 
Afterbay

Feather River

Fish Hatchery
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http://www.water.ca.gov/swp/facilities/Oroville/OroFacilitiesComplex.cfm



Orovillo – Thermolito PSPP
• Oroville – Thermolito complex generates about 2.8 TWhr/year
• Hyatt PSPP generating capacity 819 MW

– Underground
– Design head 187 m
– 3 dedicated turbines
– 3 reversible pump/turbines
– Max flow 480 m3/s

• Thermalito Diversion PP capacity 3.3 MW
– Design head 20 m
– 1 turbine
– Max flow 17 m3/s

• Thermalito PSPP capacity 120 MW
– Design head 29 m
– 1 dedicated Kaplan turbine
– 3 reversible Francis pump/turbines
– Max flow 493 m3/s

http://www.water.ca.gov/swp/facilities/Oroville 4



Spillways

www.sacbee.com 5



Concrete erosion in main spillway Feb 2017 (seen while 
main spillway gates shut)

www.sacbee.com

Cnbc.com

The dam was built in the 1960’s, 
and is just reaching the end of 
its 50 year design life.

Cracks in concrete found during 
inspection 10 years ago were 
patched. 
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Erosion

Sfgate.com

Continued erosion of concrete and underlying earth threatened power lines. 
Headcutting could eventually threaten spillway gates. To prevent this, main spillway 
flow reduced, lake level raised to utilize emergency spillway. Powerplant tailrace 
blocked by concrete debris, so unusable without backwater flooding of powerplant. 

7

Houston Chronicle



Fish hatchery
• Hatchery fish needed to be rescued from turbid Feather River discharge
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http://www.latimes.com/lo
cal/lanow/la-me-ln-
oroville-fish-hatchery-
20170217-story.html

http://www.westcoast.fisheries.noaa.gov/stories/2017/21_0321201_oroville_dam_fish_save.html

https://www.reddit.com/r/orovilledam/comments/5z2sln/flooding_at_the_oroville_fish_h
atchery_february_9/

Thermolito Diversion 
Dam and Powerplant

Feather River

Fish Hatchery

https://www.youtube.com/watch?v=15ztuZx6GNA



Headcutting threatening emergency 
spillway too

Weather underground San Jose Mercury News

Emergency spillway operation Progression of headcutting
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Headcutting 
threatening 
emergency 
spillway too

(AP Photo/Rich Pedroncelli)

Source: DWR. Graphics reporting by Rong-Gong Lin II, Chris Megerian

10



Downstream flooding and evacuation 
of 200,000 residents
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https://www.nbclosangeles.com/multimedia/Oroville-Dam-Spillway-Damage-Repairs-California-Storm-
Water-Flooding-419258184.html



Downstream flooding and evacuation 
of 200,000 residents
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Lake level reduced

• Immediate threat of 10 m emergency spillway 
weir collapse

• “Lesser of 2 evils”: open main spillway fully 
and reduce lake level ASAP below emergency 
spillway

• Water level dropped and emergency spillway 
overflow ceased

• Repair of scour beneath emergency spillway 
commenced
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Emergency repair of 
emergency spillway 

scour

• Race to make spillways stable 
before next storms arrive

• Quarry trucks stockpile rock at 
site #1

• Some rock trucked across dam 
and placed at site #2 with 
concrete

• Some rock placed by 
helicopter at site #3
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Emergency repair of emergency spillway 
scour

http://www.latimes.com/local/lanow/la-me-ln-inside-race-shore-oroville-dam-20170214-story.html
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Continue to drain via main spillway

http://www.latimes.com/local/california/la-me-oroville-spillway-failure-20170216-story.html
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Main spillway 
damage and 

carved channel

http://www.latimes.com/local/california/la-me-oroville-spillway-failure-20170216-story.html
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Removing rock/concrete debris from powerplant tailrace canal

http://www.sacbee.com/news/state/california/water-and-drought/article135252184.html

Need to remove debris so 
powerhouse is not flooded by 
backwater when turbines are 
operated
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Repair
• Studies show one cause of the main spillway damage was insufficient 

underdrainage
– Drains clogged with vegetation and sediments
– Concrete too thin at drains, with insufficient rebar
– Uplift forces generated

• Cavitation may also have occurred and damaged concrete
– Possibly will add aeration slots to redesign

• Emergency spillway: slope will be lined with concrete
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Repair as of April 2018

• https://www.youtube.com/watch?v=hGoVHrB
ZzKs
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CA DWR

https://www.youtube.com/watch?v=hGoVHrBZzKs


How is a spillway designed?
• Orifice or weir equation
• Maximum probable flood must be passed at design reservoir elevation

Wikipedia and
Worldbank.org

Gated ogee spillway

Free ogee spillway

Piano key 
weir

Morning 
glory (bell-
mouth) 
spillway
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Derive the weir equation

•
22



Derive the weir equation
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Derive the weir equation
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Derive the weir equation

•
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Francis Weir Equation
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Derive the orifice equation
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Orifice equation for outlet in air

• Find outlet velocity and flowrate using the 
Bernoulli equation 

• p2=0, p1=0, v1=0, L=0
• (k-1)=g(z1-z2)
• Define discharge coefficient 

•
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Orifice equation for submerged outlet
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Orifice flowrate

•
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Orifice equation discharge and 
contraction coefficients
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Lindeburg (2006)



Orifice with pipe or tunnel outlet to air
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Moody diagram
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By Donebythesecondlaw at the English language Wikipedia, CC BY-SA 3.0, 
https://commons.wikimedia.org/w/index.php?curid=4681366



Continuity equation
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