
DESIGN EVOLUTION OF 
OROVILLE DAM 

1956-68 
J. David Rogers, Ph.D., P.E., P.G., F.ASCE, F.GSA

Professor & Karl F. Hasselmann Chair in Geological Engineering
Missouri University of Science & Technology

2017 AEG Annual Meeting
Colorado Springs 












MISSOURI M

S ; 1SSOURT UNIVERSITY OF SCIENCE AND TECHNOLOGY








California Gold 
Rush

• Gold discovered at Sutter’s Mill in early 
1848.  

•50,000 Americans descended upon 
California between 1849-52, outnumbering 
the Mexican population by 10 to 1.  

• The miners were supplied by river boats  
up the Feather River to Marysville. 



• Oroville was established in 1850 during Gold Rush, 
where the Feather River emerges from the Sierra 
Foothills. Placer mine workings dotted the three forks of 
the Feather River.  



Hydraulic 
mining

• In 1852-53 a French-Canadian mining engineer named 
Anthony Chabot and his partner Edward Matteson began 
using hydraulic monitors to excavate gold-bearing Tertiary 
age gravels at Buckeye Hill and American Hill, near Nevada 
City.   



Dredge mining 
allowed until 

1970

• The Wright Act of 1884 allowed 
dredging, if the permitee could 
guarantee that no debris would be 
carried downstream. The dredge 
fields at Oroville (shown here) were 
worked between 1898 and 1918. 



• California approved the Central 
Valley Project Act in 1933, but the 
state was unable to secure 
sufficient revenue bonds because 
of the Great Depression. The 
project was then assumed by the 
US Bureau of Reclamation.  

• Reclamation initially built Shasta 
and Friant Dams, as well as the 
Delta Mendota and Friant-Kern 
Canals

• After voters approved the present 
California Water Project in 1956, 
the Department of Water 
Resources (DWR) appointed a 
Board of Engineering Consultants 
(1956-60), an Earthquake Analysis 
Board (1962-77), and an Earth 
Dams Consulting Board (1962-74).



Kingpin Structure 
of the California 

Water Project

• Oroville Reservoir was 
configured to retain 3.48 
million ac-ft of water, second 
only to Shasta Dam in 
California. The structure’s 
projected height of 777 feet 
also made it the highest dam 
in the world.   



In 1952-55 San Jose State Professor R. Scott Creely, PG 
(1926-2011) mapped the geology of the Oroville 15-minute 
quadrangle for his PhD research at Cal Berkeley.  The  unit 
underlying the dam and spillway sites was an unnamed 
metavolcanic assemblage (“mv”), believed to be of late 
Paleozoic age, in a faulted contact with younger strata. 
Note the small fault aligned with the lower spillway chute, at 
lower right margin of left pane, above.



Hydropower 
Schemes

From the very outset it 
was planned to generate  
hydroelectric power to 
help fund the massive 
projectWatershed area of 3,611 square miles



• The original design envisioned a massive concrete multiple arch 
dam, which was unusual.  Since there was little American  
experience associated with this type, Prof Jerry Raphael at Cal 
Berkeley was retained by DWR to construct one of the largest 
structural models ever attempted up until that time (1957-58).



• The massive expanse of cobbly dredge tailings from 1898-1918, 
southwest of Oroville was perceived as a potential asset. The cobbles 
were dominated by granitic rock, with a matrix of fine grained soils that 
could be used in the embankment core. This allowed a much lower unit 
cost for aggregate.  

• In November 1958, before Professor Raphael’s work was even completed, 
DWR’s Oroville Consulting Board recommended that the State construct 
an earth-rockfill embankment dam on the site, capable of retaining the 
second largest reservoir in California. 



The project 
had already 

been launched

Governor Pat Brown at 
groundbreaking 
ceremony in May 1957, 
when relocation work 
began on the Western 
Pacific Railroad

Clearing and grubbing of the dam area as 
seen on February 27, 1963. Over 4,500,000 
yds3 of native material blanketing the site 
was excavated 



Site exploration included mapping of 
outcrops, drilling diamond cores, and 
running geophysical lines, somewhat 
unusual for 1960-62. 

Alan L. O’Neill, CEG (BA geology 
Cal Berkeley 1951) served as DWR’s 
Chief Engineering Geologist for the 
project.

Site
exploration



Plan View of 
River Diversion 

Tunnels

Mouth of Diversion Tunnel #1 
on December 26, 1963



Diversion Tunnels

Two 35-ft diameter diversion 
tunnels, 4200 and 4600 ft long, 
were completed between 
August 1961 and Dec 1963  

Upstream inlets



Significant Research Contracts

• Research contracts were also let to the University of 
California-Berkeley to perform triaxial tests on 3 x 7.5 
feet diameter samples of the dredge cobble tailings 
mixtures for the dam’s core and supporting shells; and 
model tests of the service spillway by the Bureau of 
Reclamation in Denver.  



A series of sophisticated large diameter (3 x 7.5 ft) triaxial tests were carried out 
on the dredge tailings, which were without precedent at the time (1964-68).

Berkeley Professor J. 
Michal Duncan led 

these studies



Concrete Core Block

The unusual design 
included a concrete 
core block of 
200,000 yds3

supporting the toe 
of the upstream 
cofferdam, 
completed in May 
1963

Looking upstream Looking downstream



The sloping core block supported the toe of a 400 ft high cofferdam, 
which formed the upstream toe of the main embankment, placed in 
1965-67.

Record height of the 
upstream cofferdam – 410 feet 
above the channel



The upstream cofferdam was constructed in 1963-64, and 
incorporated into the main embankment during 1965-67

Upstream 
cofferdam



Upstream view of the massive cofferdam, completed just one 
month before California’s most severe flood since 1862.  Note 
the temporarily oversteepened crest section. This portion of the 
dam was subsequently removed.



December 
1964 Flood
A record flood of 

250,000 cfs 
occurred just one 

month after 
completion of the 

cofferdam, in 
December 1964.  

Peak outflow was 
157,000 cfs, 
shown here



The cofferdam 
managed to store 
more than 155,000 
acre-feet of water 
during the  
December 1964 
storm event, with a 
maximum discharge 
of 157,000 cfs 
downstream, much 
less than what 
occurred during the 
December 1955 
storm that flooded 
Yuba City.

Cofferdam during 100-yr flood of December 1964  



California’s first 
underground powerhouse 

and pumped storage scheme

The underground powerhouse reduces the 
friction losses during both pumping and 
generation cycles



Edward Hyatt 
Powerhouse

6 turbines and pump-turbines 
producing 1288 Mw

Two 54-inch diameter river 
outlet works valves, capable of 

discharging 3700 cfs 



The Thermolito facilities 
were part of the pumped 
storage power generation 
schemes 

Thermolito Forebay (above) and 
Afterbay (below)

Thermolito Pumping-
Generation Plant



Oro Dam 
Constructors

Contract awarded August 13, 1962 for 
$121 million. Trains hauled 155 million 
tons of aggregate over 12 miles during 
day and night operations for four years 

Accident of October 7, 1965



5,500 acres of dredge tailings 
were a remnant of hydraulic 
dredge mining between 1898 and 
1918.  
80 million cubic yards of these 
materials were excavated with a 
bucket wheel and transported 12 
miles to classification plants 
situated around the dam site 



Rock and soil classification, 
transport, and placement



Most heavily instrumented 
embankment dam up till 1968

• It was the most heavily 
instrumented earthen dam up 
to that time



Initial spillage occurred in the late 
spring of 1969

Upstream view of the submerged gate service spillway at low water



Top Seal Radial Gate 
Service Spillway

Herringbone terracota uplift relief drains were 
embedded in the spillway chute slab, with just 5 to 
6 inches of unreinforced cover. 

The spillway chute was 
poured onto saprolite 
developed on the ophiolite

Initial chute slope 3 degrees

Lower chute slope 14 degrees



• Oroville Dam was the first 
embankment dam to consider 
scale and mass effects of well-
graded soil-rock mixtures, with a 
final volume 80 million yds3 of 
material.

Oroville Dam 
was formally 
dedicated on 
May 4, 1968 by 
Governor 
Ronald 
Reagan



The OROVILLE EARTHQUAKE 
• On August 1,1975 a Mb 5.9 

(later upgraded to M6.1) 
earthquake occurred a few 
miles downstream of Oroville 
Dam, ushering a new 
cognizance of seismicity in the 
Sierra Foothills



In 1978 Scott Creely’s Paleozoic metavolcanic unit was 
redesignated as the Smartville Ophiolite of upper Jurassic 
age.



Smartville Ophiolite

In the mid-1970s geologists at U.C. Davis began 
recognizing ophiolite complexes formed in forearc basins



Pillow basalts commonly found in ophiolite deposits are subject to deep 
weathering and development of saprolite, like that exposed in this past 
winter’s high flows around the troubled spillway chute.


	Slide Number 1
	California Gold Rush
	Slide Number 3
	Hydraulic mining
	Dredge mining allowed until 1970
	Slide Number 6
	Kingpin Structure of the California Water Project
	Slide Number 8
	Hydropower Schemes
	Slide Number 10
	Slide Number 11
	The project had already been launched
	Site�exploration
	Plan View of River Diversion Tunnels
	Diversion Tunnels
	Significant Research Contracts
	Slide Number 17
	Concrete Core Block
	Slide Number 19
	Slide Number 20
	Slide Number 21
	December 1964 Flood
	Slide Number 23
	California’s first underground powerhouse and pumped storage scheme
	Edward Hyatt Powerhouse
	Thermolito Pumping-Generation Plant
	Oro Dam Constructors
	Slide Number 28
	Rock and soil classification, transport, and placement
	Most heavily instrumented embankment dam up till 1968
	Slide Number 31
	Top Seal Radial Gate Service Spillway
	Slide Number 33
	The OROVILLE EARTHQUAKE 
	Slide Number 35
	Smartville Ophiolite
	Slide Number 37

