


" Boulder/Hoover Dam 1931-35




Boulder/Hoover Dam
Is it about Las Vegas?




Boulder/Hoover Dam
Is it about Las Vegas? Or Not?




" Boulder/Hoover Dam Origins:
California’s Imperial Valley




Boulder/Hoover Dam
But it’s really about Los Angeles!




‘ Boulder/Hoover Dam
And the Greater Urban Southland




Boulder/Hoover Dam

It’s about SoCal and the
Colorado River Aqueduct!




Boulder/Hoover Dam

Hydroelectricity needed to pump water...




Boulder/Hoover Dam

Metropolitan Water District of SoCal
Whitsett Intake Pumping Plant




William Mulholland

Chief Engineer - Los Angeles BWWS
Planned Colorado River Aqueduct
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William Mulholland
Designed/Built St. Francis Dam 1924-26




'Dam Technology & Politics...

Boulder/Hoover &
St. Francis Dams

A Story of Dam Technology
A Story of Dam Politics

Also a Story of
Professional Responsibility




‘ St. Francis Dam Disaster




‘ Politics and Dams...

President Hoover at Hoover Dam - 1932




‘ Politics and Dams...
FDR dedicates Boulder Dam - 1935




‘ Politics and Dams...
Obama at Hoover Dam Oct 2, 2012

Who built that?




‘ Boulder Dam Politics

Phil Swing — California Congressman




'Boulder Dam Politics
Hiram Johnson — California Senator




Gravity Dams
The Massive Tradition




 Gilippe Dam — Belguim 1876




‘ The Massive Tradition
Gravity Dam Profiles
Bigger is Better...




'Boulder/Hoover Dam Design 1927




Wachusett Dam 1905




New Croton Dam 1907
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Elephant Butte 1916




‘ O’Shaughnessy Dam 1923




St. Francis Dam 1926




St. Francis Reservoir
38,000 Acre Feet Capacity




March 13, 1928




St. Francis Dam Disaster
The Deluge Unleashed...




‘ St. Francis Dam Disaster

The Debris Fiel




‘ St. Francis Dam Disaster
10,000 ton block of concrete




' St. Francis Dam Disaster

San Francisquito Powerhouse No. 2




' St. Francis Dam Disaster

San Francisquito Powerhouse No. 2
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‘ St. Francis Dam Disaster
Weinland Cottage — At SFPH No. 2




‘ St. Francis Dam Disaster
The Power of Floods...




St. Francis Dam Disaster

PATH of the FLOOD
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' St. Francis Dam Disaster
Down the Santa Clara River Valley




‘St. Francis Dam Disaster

Wreckage at Kemp: 20 miles downstream




‘ St. Francis Dam Disaster
Kemp Camp - 83 Dead




‘ St. Francis Dam Disaster
Destruction at Bardsdale




t. Francis Dam Disaster
Destruction at Santa Paula




St. Francis Dam Disaster
Montvalvo Bridge — 52 miles Downstream




‘ St. Francis Dam Disaster
The Morning After...




‘ St. Francis Dam Disaster
Looking for Bodies




t. Francis Dam Disaster

Crossing the Santa Clara River




‘ St. Francis Dam Disaster
Transporting the Dead




‘ St. Francis Dam Disaster
Santa Paula Morgue




‘ St. Francis Dam Disaster

Newhall Morgue




‘ St. Francis Dam Disaster
400 Dead: A Community Grieves...




‘ St. Francis Dam Disaster
Ruiz Family — Eight Dead
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Governor C. C. Young

“Champion of Boulder Dam?”

MAP OF SOUTHWEST

Showing the Colorado River with the Boulder Canyon Dam and the All-American Canal.
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Shaded area indicates lands in Arizona, Nevada and California, that will be made immediately irrigable by water from the Boulder Canyon storage
retervoir and the All-American Canal, including lands already irrigated.
Circles represent major power consumption centers within economic reach of Boulder Canyon Dam.

Black areu represents Harry Chandler's 800,000 acres in Mexico, cause of the opposition to the All-American Canal.




Mulholland and the
oulder Canyon Project




‘ Mulholland Above Black Canyon
on the Colorado River - 1925




Mulholland & Boulder Canyon Project
Mulholland promotes BCPA

Testifies before Congress 1924
Trips to/down Colorado River 1921, 23, 25

Promotes creation of the
Metropolitan Water District 1925->

Colorado River Aqueduct surveys 1925-

Comes to Washington DC to lobby for
Boulder Canyon Project Act Jan. 1928




Why Dam History?

Perhaps you’re wondering...

How did | become a
“Dam Historian”?

Well, it’s a long story...




Is There Another Way?




The Structural Tradition

Thin Arch Dams
Bear Valley Dam 1884




‘Thin Arch Profile
Bear Valley Dam




Structural Innovation &
‘“The Ultimate Dam?”




‘The Multiple Arch Dam
John S. Eastwood & Big Bear Dam (1911)




Multiple Arch Dams




'Multiple Arch Dams
Big Bear Dam Profile




'Multiple Arch Dams

Buttress Dam Profile




Multiple Arch Dams




Multiple Arch Dams
Salt Lake City’s Mt. Dell Dam 1917, 1925




Sylvester Q. Cannon
City Engineer, Salt Lake City




Multiple Arch Dams
Littlerock Dam 1924




iple Arch Dams

Radial Plan Design Littlerock Dam 1918
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Multiple Arch Dams
Curved Face Design - Cave Creek Dam (1923)




Multiple Arch Dams
Cave Creek Dam




Multiple Arch Dams
Webber Creek Dam 1924




Multiple Arch Dams
San Elijo Dam Proposal 1923




Multiple Arch Dams
San Elijo Dam Profile




Multiple Arch Dams
John S. Eastwood dies August 1924




~ Mulholland and the
Los Angeles Aqueduct 1907-1913




'Los Angeles Aqueduct 1907-1913




William Mulholland & Los Angeles
Los Angeles Aqueduct — November 1913




St. Francis Dam & LA Aqueduct
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California State Dam Regulation

California Dam Politics

1917 Dam Safety Law required non-federal
dams more than 10 feet high to be
approved by the State Engineer

Unless built by a corporation under the
jurisdiction of the State RR Commission

Or, unless built by a Municipality with a
Department of Engineering:

THE MUNICIPAL EXEMPTION




 California State Dam Regulation




California State Dam Regulation
O’Shaughnessy’s Objections to State Reg




‘ Eastwood’s Littlerock Dam
Required 4 Years to Win State Approval




St. Francis: Design & Construction




 St. Francis: Design & Construction
St. Francis Dam Site 1923




 St. Francis: Design & Construction

Plan View of the St Francis Dam




St. Francis: Design & Construction
The




St. Francis: Design & Construction

“changes in the plans”

St. Francis Dam spillway crest
raised from elevation 1825 feet to 1835 feet
after construction had begun

NO Construction Photos Survive
Prior to January 1925




St. Francis: Design & Construction
Circa January 1925
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No Expans

No Cut-off Trenches




' St. Francis: Design & Construction
No Cut-off Trench — West Side Abutment
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St. Francis: Design & Construction
East side excavation
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St. Francis: Design & Construction
East side excavation




St. Francis: Design & Construction
Fractured Schist: “Heavy Ground”




Gravity Dams and Uplift
The Austin Dam (PA)
Failure by Uplift Sept 30, 1911




Gravity Dams and Uplift
Austin PA Disaster 1911




Gravity Dams and Uplift

Austin Dam Disaster — 78 dead
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Gravity Dams and Uplift
Elephant Butte Dam 1916




Gravity Dams and Uplift
Elephant Butte Dam — Countering Uplift




Gravity Dams and Uplift

Exchequer Dam — 1923-25
Merced Irrigation District




Gravity Dams and Uplift
Exchequer Cut-off Trench & Drainage (1923

FOR CUTOFF WALL AT NORTH SIDE
b-walls for bonding succe ve pours 0 shown




ravity Dams and Uplift
Don Pedro Dam 1922-23




Gravity Dams and Uplift

San Francisco’s O’Shaughnessy Dam




Gravity Dams and Uplift
O’Shaughnessy (Hetch Hetchy) Dam 1923




Gravity Dams and Uplift
O’Shaughnessy Dam Cutoff Trench (ENR)

T 72 ¢ x . < 4 B % ¢
: § v Y7 CAIEe oy 7 5. p 3
‘v i |7 v 5
3L * ¢ ‘




Gravity Dams and Uplift
O’Shaughnessy Dam Drainage Blocks




St. Francis: Design & Construction
Fractured Schist: “Heavy Ground”




Gravity Dams and Uplift

Design and construction of
O’Shaughnessy Dam accomplished
without review by the State Engineer

The “Municipal Exemption” did not
necessarily foster deficient design

Privilege and Responsibility




St. Francis: Design & Construction
St. Francis Dam Completed Spring 1926




‘ St. Francis Reservoir
Not Completely Filled until March 1928




Mulholland: March 13th...
A Career Ends...




‘ Governor’s Commission
Gov. C. C. Young — Dam Politics 1926

MAP OF SOUTHWEST

Showing the Colorado River with the Boulder Canyon Dam and the All-American Canal.
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Shaded area indicates lands in Arizona, Nevada and Califor. that will be made immediately irrigable by water from the Boulder Canyon storage
reservoir and the All-American Canal, including lands already gated.
Circles represent major power consumption centers within economic reach of Boulder Canyon Dam.

Black area represents Harry Chandler's 800,000 acres in xico, cause of the opposition to the All-American Canal.




‘ Dam Politics...
Governor Young — Dam Politics 1926




‘ Governor’s Commission

Gov. Young appoints A.J. Wiley to Chair an
investigation of the disaster on March 16

Wiley was a respected engineer who had
served as a consultant for Boulder Dam

Wiley meets with Young on Sunday March 18

The Commission convenes the next day

The Commission’s Report is
completed Sunday March 25 (!)




‘ Governor’s Commission




‘ Governor’s Commission
Blame placed: The West Side/Fault




‘ Governor’s Commission
The Water Gauge




The Governor’s Commission

A Drop in Reservoir Level (?)




‘ Governor’s Commission




‘ Governor’s Commission

“Most convincing evidence of the stability of

such structures when built upon firm and
durable bedrock...”




‘ Governor’s Commission
A Shared Perspective

Letter from W. L. Huber to J. R. Freeman
March 21, 1928

“briefly the whole story is clearly one of lack of
suitable foundations.”

“the center section of the dam... is the one
great witness of the stability of a gravity
section founded on a solid foundation.”




‘ Governor’s Commission
Engineering News-Record, April 19, 1928




'Coroner’s Jury
Agrees with the Governor’s Commission




'An Alternative View
Eastside/Uplift/Schist Alternative




'An Alternative View
Eastside/Uplift/Schist Alternative




'An Alternative View
Eastside/Uplift/Schist Alternative




' An Alternative View
The Eastside Slide...




‘ An Alternative View
Bailey Willis: Western Const. News June 1928




'An Alternative View — Block 35
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Raconsiruction Diagram of St. Francis Dam,. Showing
Looation of identified Blocks




'An Alternative View — Block 35

Sketch Map Showing Locatlon of Concrete Blocks
in Canyon Below Dam




'An Alternative View

A Drop in Reservoir Level ?
Or a Rising Dam?




‘ St. Francis and Boulder Dam

Why the Rush to Judgment by the
overnor’s Commission?

MAP OF SOUTHWEST

Showing the Colorado River with the Boulder Canyon Dam and the All-American Canal.
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Circles represent major power consumption centers within economic reach of Boulder Canyon Dam.

Black ares represents Harry Chandler’s 800,000 acres in Mexico, cause of the opposition to the All-American Canal.




'St. Francis and Boulder Dam
Telegram to Swing from State Engineer Mar 26




'St. Francis and Boulder Dam
“Absolutely No Relation...”




' St. Francis and Boulder Dam

Gov. Young to Swing: March 27
“Attributes failure... entirely to its foundation”




‘ St. Francis and Boulder Dam

Gov. Young to Swing: March 27

“the middle section... is most convincing
evidence of the stability of such structures...”




' St. Francis and Boulder Dam

Swing to Gov. Young: March 28
“...just the information which | desire.”




‘ St. Francis and Boulder Dam

Senator Reed Smoot (Utah)
Chicago Tribune, May 1, 1928

“Senator Smoot made comparisons with the St. Francis
Dam of the city of Los Angeles, [the] breaking of which
cost the lives of between 400 and 500 persons...

Senator Smoot pointed out that William Mulholland, the
engineer who selected the site of St. Francis Dam and
approved it foundation as safe and adequate, was one
of the engineer witnesses before congressional
committees who vouched for the feasibility of the
Boulder Canyon project.”




‘ St. Francis and Boulder Dam

Senator Hiram Johnson (California)
Speech on Senate Floor, May 22, 1928

“It has been a rather a sad thing that... the senior
Senator from Utah [Reed Smoot]... would seize
upon the St. Francis Dam disaster in the San
Francisquito Canyon in California in order to
read a horrible lesson into dam construction in
this country.”




‘ Colorado River Board

The Sibert Commission
(Headed by Major Gen. William Sibert)

Authorized by Congress in May 1928 to
provided a independent review of the BCP

Report due in 6 months
(December 1928)




‘ Passage of BCPA

Mulholland resigns from BWWS — Nov. 13, 1928

Sibert Commission endorses BCPA Dec 1st
Congress Convenes on Dec. 5t"
Senate passes BCPA Dec. 14t (64 to 12)
(Senator Smoot abstains)

House passes Senate bill Dec. 18t (160 to 122)
President Coolidge signs BCPA Dec. 21st

St. Francis Dam Disaster now far distant in
the rearview mirror...




‘ Colorado River Board

The Sibert Commission
A Key Recommendation:

Decrease stress In
Boulder Dam design from

40 tons/sqft to 30 tons/sqft
Not implemented, but...




" Hoover Dam: Massive Enough?




‘State Regulation and Reaction

The Perils of
Dam Safety Regulation

How much is enough?

How much is too much?
How to keep Innovation alive?




' State Regulation and Reaction
State Engineer Hyatt April 1928

“[T]he failure of the St. Francis Dam has greatly
disturbed public confidence in the safety of all
dams...Even among competent engineers there
will be a tendency toward undue conservatism...”

“we must exercise great care to avoid insisting
upon safeguards beyond the actual needs since
many meritorious projects might be thereby
rendered financially infeasible...”




State Regulation and Reaction

1931 ASCE Symposium on
“Public Supervision of Dams”

M. M. O’'Shaughnessy referred to California’s new
dam safety law (with no “Municipal Exemption”)as
“most drastic” and opined that St. Francis
catastrophe had created "an hysteria” whereby
citizens and legislators “have practically lost their
heads on the subject of dam design and
construction...”




‘State Regulation and Reaction

1931 ASCE Symposium on
“Public Supervision of Dams”

A. W. Markwart, Vice Pres Pacific Gas and Electric

“it is not improbable that the tendency will be to
require dams to be constructed stronger than
actually necessary. Such excess strength can
only be had from capital expenditures greater
than have been required in the past...”




‘State Regulation and Reaction
1931 ASCE Symposium on

“Public Supervision of Dams”

In 1924 Swiss-trained Fred Noetzli had opined that
“the gravity dam is an economic crime.”

Now he was concerned that California’s new dam
safety law would promote massive gravity
technology at the expense of other alternatives:
“there is no good reason why the most expensive
type, namely the gravity dam, should receive first
and sometimes sole consideration.”




‘State Regulation and Reaction

1931 ASCE Symposium on

“Public

Supervision of Dams”

In his comments, Noetzli implicitly acknowledges
the success of the Governor's Commission in

championing t
gravity techno
Gravity Dam tec

ne great strength of concrete
ogy...

nnology survives a disaster that

Kills some 400 people, and its standing/reputation
Is actually enhanced in the wake of St. Francis...




‘ Massive New Deal Dams
Shasta Dam 1945




‘ Massive New Deal Dams
Grand Coulee 1941




t. Francis Dam
The Remains — Symbol of Strength?




Or A Grim Reminder?

Remains Demolished May 1929




" Boulder/Hoover Dam 1931-35




