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which the Colorado River’s water and power can be

utilized to transform deserts into gardens, for the

benefit of mankind
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_) gn Engineer
= etween 1924-44 was

:_Hﬁckt Savage e e i o
OWYHEE HOOVER
1932 e
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e Unprecedented size: Hoover Dam was almost twice
as tall as the highest dam in the world, Owyhee,
slated for completion in 1932!

e Owyhee Dam was designed by the same Reclamation
design team, led by Jack Savage.




ghEColorado was W
- mo?ﬁﬁlde rve

INGmeas .- '.’by Spanish because of
rae ng ﬁOf highly turbid flow

FIFEL) ] ighest silt load of any river in the then-
| Jgnr Wn 1 world (actually, 7th)

= ~1mum recorded flow of 384,000 cfs at
= Tonck in 1884
~ e Minimum recorded flow of 500 cfs in 1911
e High-low flow ratio of 768:1




LOWER COLORADO RIVER BASIN g L1 r
ACREAGE IRRICATED AND IRRIGABLE = o m
—— rrigated Future additional] " ™ . \
Loecation 1920 | possible | Ultimate 1 ; '
Gravity [ Gravity | Pamp | - H

UNITED STATES:
Above Laguna Dam
Cottonwood Island 1,000 3,000 4,000
2

Mohave Valley 5 20000| 3000 27,000 ’ i / -
Chemehuevis Valley 4,000 4,000 y 7 L 4

Parker Project . . 4,000 | 100,000| 6,000] 110,000 J
Palo Verde Valley. L. | 35000 43,000 TH,000 - —
Palo Verde Mesa . 13,000 18,000 e
Chucawalla Vailey 4,000 44,000
o Cibola : 16,000 16,000 . ea I
Tsolated tracts . 1,000) 3,000 4000 n
Total above Laguna Dam | 30000 189,000| 77,000] 205000

Below Laguna Dam

a & b: Yuma Project 54000 15,000 61,000| 130,000 Y
1: Imperial District A5000{ 100,000 515,000 / i
Imperial Extensions: \ )
3 & 8: East Mesa. . _ 124,000 36,0001 160,000 /

1- Dos Palmas 5,000 5.000

5 & 9: Coachella Valley . 72000 72,000
6&10; West Side . . . 10,000] 23,000) 33,000

Total helow Laguna Dam 469,000 | 326,000 120,000 | 915000 ] A 5 n I I
TOTAL - UNITED STATES . . |508,000 | 515,000 | 197,000 1,220,000 2
SRR S E

MEXICO: 1

2 & 16: Under Imperial Caral {150,000 | 65000 ; (
7 & 11: Under All-American Canal | 22,000 8,000 f

14: Delta south of Voleano | [ 1

Lake and Bee River 250,000 X ) d

18 & 15: Soners . . 210,000 35.000( 2% 3
TOTAL MEXICO oL 190000 547.000 63,000 i /"J
GRAND TOTAL - LOWER BASIN | 695,000 | 1,062,000 | 260,000
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itial’studies in 1902 dentified dam
inrBoulder. andiBlackeGanyons ="
er'site favored because of granite
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LONGITUDIEL SEETION

By 1924 seven types of dams were being considered for the sites
in Boulder Canyon. This shows the massive hydraulic rockfill dam,

with a crest elevation of 1235 ft and a reservoir volume of 20.9
million ac-ft.




ARIZONA

neveon

30 Dia. horseshoe diversion and spillway tunn
PLAN
16+16' 1§ Siphon units each side of NEVADA
{ canyon. oinnnr&m diversion
innels. Q* 300,000 Sec-Ft. 500" 60-58' Dia. balanced
Water surface i ,.'-T%r g sg%m. 8 Siphon units needle valves-
3 ischarge it ea

/50-38 O, Ensign Giversion funnel--
volves,El. 1070,
40000 Sec:F.

oe.
diversion tunnels;

-60-58" Dio. balanced needle Diversion funnels
£ valves, 1 885.0. inverd, £1.760.0 .
32,000 Sec-Ft.  2-30' Dia horseshoe funnels for

Silt storage, W

" ocre-feet, EL. 875

Grrrrry diversion and spiliway each side
of canyon---. £1.7660

seuimay swasT s rumREL

N
% 0.0
“Droinage and grout holes

ELEVATION W 0 w0 a0 o serLLway secrion

scALE oF rEeT

The design of Boulder Dam evolved throughout the 1920’s;
including a straight concrete gravity dam; various concrete
arch dams; eventually, adding a powerhouse.
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Enginée -gébléi't"Homer Hamlin makés?
in the spring of 1920; marking axis of
recommended site that is eventually chosen,
8-1/2 years later
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PROBABLE FREQUENCY OF FLOOD DISCHARGES
Al BLACK CANYON

Discharge, Frequency With Which Discharge May be
Second-Feet Kqualed or Exceeded
130,000 Once in 5 years
160,000 Once in 10 years
190,000 Once in 20 years
230,000 Once in 50 years
Once in 100 years

260,000

- The Colorado River Board
~ expressed concern about how
large the maximum probable flood
might be after observing high
* water marks 80 feet above low
/{ water level at the head of Boulder

Canyon (shown at left).

They concluded 320,000 cfs every
500 years and 450,000 cfs every
10,000 years



RIS ; . D : s B

Tk é'irntimely failure of the St. Francis Dam 35 miles north

~  of'Los Angeles in March 1928 killed at least 435 people

e Public outcry and concern following the failure of a new
concrete gravity-arch dam constructed by the same people
pushing for passage of the Boulder Canyon Project
prompted the appointment of an independent panel of
experts to review the Bureau of Reclamation’s plans for the
Boulder Canyon Project and advise Congress on its
feasibility and practicality.



MGEN William L. Siebert (Chair), Elwood Mead (advisor), and
included geologists Charles P. Berkey (Secretary) and Warren J.
Mead; and engineers Daniel W. Mead and Robert Ridgway. In those
days geologist wore ties, just like engineers.
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The Board’s geologists
raised a number of
concerns that had not
been addressed
previously.

Fractured granite at one
of the three Boulder
Canyon dam sites



GoloradpiRiver Board recommends
Weupper Black Canyon sitenn g
19028 -

TOP OF DAM - ELEV. 1232
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nber 1928, the CRB; *~

wi DECe
racor) endsdgmgn : ges"""

Reducefoundationicontactipressure fromi40;
LONISIPE irisquare foot (tsf) to 30 tsf;

IfnErease capacity of river bypass diversion
'sumH S from 100,000 cfs to at least 200,000
CIS(251yr: flood);

= Spil way capacity should be > 110,00 cfs;
ncrease volume of flood storage;

— e , All-American Canal can be built north of the
~Mexican border; and

o Electrici? generated by dam could be
absorbed by the expanding market of greater
Los Angeles.

—

—r"“_



SUIUEINeaNYON ACE introg_l‘uced by California,
ation in Congress as twice-annuawm

_' jer urthrvEs'lon finally:pas h hﬁﬂs
211 er 1928 and’is'approved by President

------



LeslielRansome maps both dam sites in 1921;
rns to Black Canyon site in 1951

®
GEOLOGIC MAP
or

HOOVER DAM SITE AND VICINITY

The dam was founded on a unit he called the dam breccia,
a dense reddish unit composed of fragments of
monzonitic porphery; covered by a latite flow breccia.

The deepest boring encountered dam breccia to a depth F
of 545 feet below river level.




1600 el - B
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Ransome’s geologic map controlled the position of the dam’s axis, to wedge
the dam in between the two prominent faults on the right abutment



ifessor. Chester Longwell
ppedithe resenvoisanen

‘Wiasr‘e—coy'i_«:ered‘f ' \ , -

e The Colorado River Board felt that the
geology of the reservoir area should be
mapped in detail before impoundment.
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INABrIMOSURAE decisionlisimade toraisethe
dcaiipesEuditionalifeet tojncrease fioou Stofaye
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Tunnel Dluq( ,,[ ~~50' Dia. diversion tunnels “Tunnel plug
e —— o — ==

~Diversion tunnels

PPER TEMPORAR
COFFERDAM

Stations along axis of dom

*=-Locus of points of compound
curves parallel to line of
centers £1.600 o £1.1000

7 Bose line

4
See Detoil 8™
-Axis of dom

~-Rodius fo oxis of dom - 500.00"
Dstonce fromaisto: ®
+ ;145007 pC.EL232
centerof urve 210572 § o

f2% oreriess.ie 008" Distance from axisfo

oo R-z05656  ocoansel  centerd anvessacss
°13'56" 1.40" " oy

EL119L0 ¢ ( Pt T Reaonzsos

T ¢ :

PC.ELI232.00-.,

i 8
a :azs-—T - ¢
ot

DETAIL "B"

EXPLANATION

The arcs for the upstream foce and for the
central portion of the downstreom foce.t
any given elevation, hove o common cenfer

.-~Water surface, EI.1197.0
for 26,000,000 acre-feet. SCALE OF FEET

~Line of centers - S, 45° 08'00" W.

7 1000 P.C.EL 979,74 10.00-

" Drste fr isto
10-72"Valves connected :’u?u'é?}s'gf?vgﬁqor“z‘

to upper penstock. 5 at ~10-72" Valves connected to ot €L

I

.70 12.85

R:1200574" . - Fillefs extend from E1.600 fo EL 1225,
13°34" 25" 8 - Rd= Central portion, downstreom radius.

E1.822.0 and 5 ot y ¥ former diversion funnel.

I

! |

I % - Ru di

N d = t £1.822.0 and 5 ot [%° . - 1 Pt rodive

6" Reinforced concrete I & El.947.0. / 21?947.0 Y . Rf= Fillet radius.
| >
I
.

. e = Distonce from line of centers to point
Inlets to 50' dia. paving over 4 riprap-,

. : . 1 . \ 2 . ! ¢ 4 Y X .
diversion tunnels., £1.720.0 N 7 Rock barrier, E1.676.0 i diversion tunnels 0 4 " ance from bose ne 1o il conter

- - 3 - - o o < o - N = Distonce from bose line to arc center
? TS, el % Y =5y EL6260 _ — o o e emere o oo
. s &, " 50 of tangency.

; of compound curve, T
) s . . . . « Distonce from base line to point of
_.--28' Dia.riser from diversion tunnel o tets from 50' dio) [ o - X

compound curve.

= Distance from base line to point of tongency.
See table 1.

Bedrock, |.534.o---

996.0'

SECTIONAL ELEVATION ON CENTER-LINE OF RIVER

SECTION ON LINE OF CENTERS

Dam height now 726 ft; Crest elevation raised to 1232 ft;
30,500,00 ac-ft storage for maximum 9,500,000 ac-ft flood
storage

Curvature tightened from crest radius of 740 to 505 feet




getrial photogrammet:

i

Making an accurate
topographic map was a major
obstacle before construction
could begin.
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Terrestrial photogrammetry was employed
using photo theodolites, directed by LtCol
Claude Birdseye of the U.S. Geological Survey
(inset), who had led the mapping expeditions
of the Colorado River through the Grand

Canyon in 1923.




e ~Ca nyon Proj
__*_;_E_ —
Withiabudget of $S1€ | Jt would be the
IHIyYESstiederal’contract ever awarded up to
izt tm

Fls sJ‘“ Nere to appropriated over a period of,
EIgh ﬂyears, beginning in 1930

T;..; '.5_','; v duld require more concrete (4.5 mcy) than
= aII prewous Bureau of Reclamation projects
‘combined (4.4 mcy)

e No single contractor was large enough to bid
the project; the dam itself being around $50
million

-5—"




Silver. Spikess

ST FSINY!

S
e

-e On September 17, 1930 Interior Secretary Dr. Ray Lyman Wilbur presided
over the ceremony at Boulder Junction, where a 26-mile spur would be
laid by the Union Pacific Railroad to Boulder City.

e Thus began construction of the Boulder Canyon Project, and Lyman took

the opportunity to christen the kingpin structure as the "Hoover Dam,” in
honor of President Herbert Hoover.



sByEermment Wéi_ll ﬂhe;-r

RIMATERIALS, except concretelaggregate
Railruzie :‘i.lr and highway to crest of gorge

Con3i rru tionof Boulder City, providing
J’JJ'J_) g for 80% of workers

\:}':j | ned flood damage liability after
= erdams accepted

-'Government to emplace turbines and
machinery for hydro powerhouses (cont’d till
1961)

.-.

— e —
..-—
=



ovmg pioneer R.G. Letourneau lost $100K on a
K contract constructing the government highway
= *between Boulder Junction and the dam site, because
fhe andesite proved so difficult to excavate

e The feds also paid $1 million for an extension of the
U.S. Construction Railroad, along the highway, to the

plateau above the Nevada, where the Babcock & Wilcox
fabrication plant was later builit.




he massivejob was split mto nuUMmMerous

panusEith performance ti S d—
- o
IH)RIVErivision works — cofferdams and four' 56 ft diameter tunnels
no lzesr e N0 DIET S0

ZyNeopmplietioniof spillways by November 1, 1935, which may be
PUSIPPIEd for upito one year or more, depending on other factors

5) CJJ‘J‘—'J"LJ s to be completed by May 1, 1934
23) Plidd u st mass concrete for dam no later than December 1, 1934

) Sl eads for inlets of outboard diversion tunnels must be
JJJ‘J—LE d mto position no later than September 1, 1935

* 6): 1S ney Gates for outlet gates in inboard diversion tunnels;
——F acement of upstream tunnel plugs, with high pressure slide gates
=~ by the'fall of 1935

o—7) Begm storing reservoir water no later than June 15, 1936

e 8) Completion of the four intake towers and appurtenant works,
except the bridges, by July 1, 1936

e 9) Completion of canyon wall outlet works by September 1, 1936

e 10) Completion of power house, ready for 6 generators by September
1, 1936 (with reservoir pool at elevation of 935 ft)

e 11) Completion of power house for 12 generators by April 23, 1938



Reclamation’s Chief Engineer Ray Walter opening the
five bids on Wednesday March 4, 1931 in Denver

e Bidsftor the dam
construction contract

solicited on January 10,
1931, and 107 firms
requested packages.

By the submittal
deadline of March 4
only five bids had been
received in Denver

Six Companies won with
a bid of $48,890,995.50;
just 0.05% above the
government estimate,
but $5 million below
their closest rival,
Arundel Corporation of
Baltimore




s Congressman Phil Swing (R-CA) at left, and Reclamation

- Commissioner Elwood Mead (at right) witness Interior Secretary

- Ray Lyman Wilbur singing the

- , for the construction of Hoover Dam and
powerhouse on March 11, 1931, in Washington, DC.

e The construction contract was to commence on Wednesday April
15, 1931, and that all work would be completed in 2,565 days, or
just over seven years, by Saturday April 23, 1938.




panies Incorporated™
—

actually seveny)

o MOrrlson Knudsen
-Co. 10%

e J. F. Shea Co. 10%

e Pacific Bridge Co. Six Companies Board of Directors
1096 visits the dam site. Three of the

principals passed away during the
construction
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- Everyone’s choice for Construction

~ Superintendent was Frank Crowe,

- Reclamation’s former Construction
Engineer, employed by Morrison-
Knudsen. Crowe was 6'-4" tall. He is
shown here with Walker R. Young, the
Bureau’s onsite Construction Manager.

Reclamation’s three principal
representatives at the dam during
its construction were, left to right:
Walker R. “"Brig” Young, John C.
Page, and Ralph Lowry.



'/

The CroweisiNest

Erank Crowe received a salary of
518,000 per'annum plus 2.5% of the

W ey < gross profit, which amountedito

N - DS | 00,000. The most lavish villa'in
Boulder City was his residence, nick-
named “"The Crowe’s Nest,” because of
its unimpeded 360-degree view
(below)




Ceesswas the'most difficult




e Tracked shovels were busily engaged whittling out switchbacks for
temporary construction access, and creating valuable fill wedges
along the channel



-
ndges

e Six Companies built a
series of increasingly
sophisticated catwalk
bridges which allowed
shifters to work on the
Arizona intake towers
and spillways, without
clogging the river
trestles, which
conveyed dump and
concrete trucks, around
the clock.



Constr GLione
Adits

e The first thing Frank
Crowe did was to
excavate construction
adits in both abutments
near the dam’s
downstream face, so he
could effect multiple
headings of the
diversion tunnels,
working 16 faces
simultaneously in the

Wire suspension bridge serving the construction adit four tunnels.
(dark hole in background) for the Arizona diversion

tunnels.




Several thousand workers and their
families descended on the banks of the
Colorado River in the spring and
summer of 1931, hoping to find work.
It was officially closed down on August
13, 1931, after several inhabitants
succumbed to the heat.




21,000 men worked on the dam,
with the average work force
numbering 3,500 per month,
reaching a maximum of 5,218 in
June 1934. Average monthly
payroll was $500,000, disbursed
on 10t and 25 of each month.



pulderGity - Asmodel towns
d'byithe'G ment™
| o~

Boulder City was constructed by
the Interior Department to house
5,000 workers and their families.
No drinking or gambling allowed;
remained a government town till
1961.



e

al ikehighpatSs8:50peryarnd;)
ASHA _; $13,285,000 for 1,563,000 yds of

- soncrete placement well below market price;
——at just $2.70/yd: requesting $9,180,000 for
th_e dam’s mass concrete and $3,432,000 for
— lining the diversion tunnels, with high
strength reinforced concrete

e The term of the contract was for seven years,
with a $3000/day performance penalty

: ___.——
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3 At 56-feet in diameter and averaging 4,000 feet long;

~ these were the largest diversion tunnels ever
constructed at the time; under intense heat and air
pollution. Major obstacles were heat and air quality.
The contractor employed electric shovels inside the
tunnels, but used gas-powered dump trucks.
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- Water carriers added late summer 1931

During July 1931 14 men died working in the overheated
and under-ventilated tunnels; necessitating changes in
safety precautions. The official death toll for the entire

job was 96; the unofficial total was 112.
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Frank Crowe appreciated what
later came to be known as critical
path management. The biggest
challenge was completing the four
diversion tunnels by May 1, 1934,
before the spring runoff arrived.
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All of the diversion tunnel portals were
inundated, filling them with fine silt.

-o Despite the fact that there hadn’t been a flash flood on the
Colorado River during the month of February for over 20 years... a
flash flood inundated the construction site on February 10-11,
1932, before any of the diversion tunnels were completed. The
shutdown and clean-up lasted 5 days.
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:;:__ JEHI‘Y 1932 flood and its associated clean-up reduced

— progress on excavating the diversion tunnels by 2/3 of what had

~_beenaccomplished the previous month.

‘& These views show the reconstruction of one of the new temporary
trestle bridges the contractor built at his own expense (note pile-

driving derrick), and the completed structure, as viewed on March
7th, 1932.

e Note the extensive use of ‘wing fills’ along the channel (far right),
which allowed vehicular access.




Companies could gain
vehicular access to the
dam site was by
building temporary
bridges, excavating
tunnels, and placing
enormous fills along
the base of the cliffs,
much of it at their own
expense.

They were paid to
excavate 6 million
cubic yards of rock and
gravel on the job.
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= The tﬁnnel was lined with 3 feet of reinforced concrete,
requiring 312,000 cubic yards of 5-sack per cubic yard
structural concrete. Lining of the four diversion tunnels

alone cost $3,432,000, more than the cost of most dams
prior to 1931.
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The contractor employed
steel slip forms, using diesel
fuel as a form bond breaker.
The most difficult pour was
the crown, across the top of
the tunnel.
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After lining, the invert section was
temporarily backfilled with a gravel bed to
provide vehicular access until the tunnels
were filled with water.

View at left shows President Hoover
walking through one of the Nevada
diversion tunnels during his only site visit,
in December 1932



The river was turned into Tunnel No 4,
the outboard Arizona tunnel, during
the late evening of Sunday November
13, 1932




River: flow'wWas diverted through nel
NGOV 4,:1989; 1«.5195?552‘!2'@"‘

le; guaranteeing a profitable job
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The spring flood of the Colorado River averaged 120,000 cfs every
2-1/2 years, generally peaking between late May and late June.
Prior to construction, great concern was expressed about the job
site being flooded and disrupting the project’s 6-year schedule.



Diversion scheme influenced by,
GNisiderations of risk-consequences

e Each of the four diversion tunnels were designed to
convey 50,000 cubic feet of water per second (cfs); for
an a?gre ate total of 200,000 cfs, during construction.
This level of conservatism was unprecedented for a

construction job of a few years duration.



e The biggest flow the tunnels had to handle during
construction occurred on June 16, 1933 when 73,000
cfs was safely conveyed around the dam site, while the

Tgigilmum flow of 1,000 cfs was recorded on August 26,
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OBJECTFORWHICH DRAWN
Construction

Payment,

“rmesvwor Hundred Eighty Two and 87/100% ¥k ko

Jeor anunderbalanced
contractacashiup '

3, 935
LAS VEGAS, NEV.,, Feb, 10, 1932,

S sy of the United States -

At S Bl D10
s Moo SIX COMPANIES, INCORPORATED

$3,129,482,87
Three Million One Hundred Twenty Nine Thousand Four
*DOLLARS

Vo. No. 1157

2' oent '79-635

e The excavation of the four diversion tunnels cost $13,285,000,
27%o of the project cost. The concrete lining cost another
$3,432,000. This provided $4.4 million in profit, allowing the
partners to repay the $2 million bid bond and $5 million

construction surety they put up when they signed the contract.

With $5.8 million in extras, Six Companies ended up charging
$54.7 million for the dam, nettlng $10.4 million in profits, after
taxes.

—
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thmwuﬁwdmmuWWMn. : i ; 0"
spoil by the contractor ., P i | ! T ! ThlS area was filled
" i . i : : I i Rt 20.0% ﬂv : wdhexcovohonspoﬂﬁ
EL690.0 iesen i bd g, = g = ’ i : v ke . EL6900-y ! ! bythe contract
). 34 == 2 . : . I 2 Lowest point of
tailrace excavation- :

“Gut-off trench

SECTIONAL ELEVATION

The 100 foot high cofferdams required 732,000 cubic yards in
the upstream dike and 500,000 yards in the downstream
embankment.



Asawn 2 x 6 plank was found in the river bed
buried 50 feet beneath the low water surface.
Geologists suggested that it was deposited from
a debris flow in Callville Wash during the high

water of 1922,



About 2 million cubic yards of
material was excavated out of the
river channel beneath the dam,
revealing an incised inner gorge with
fluting and boulders up to 12 feet
across.



Most of the mass concrete was placed
using 8 cubic yard hopper buckets,
delivered via the overhead cableways.
Each bucket carried 16.5 tons of concrete.



The dam required 3.25 of the project’s 4.36
million cubic yards of mass concrete, at a
cost of $9,180,000. This was placed
between June 6, 1933 and May 29, 1935;

2-1/2 years before the contract required
completion.
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Aggregate came from a site 6 miles
upstream of Black Canyon on
Arizona side. Aggregate up to 9

inches in diameter was used in
concrete.
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E? J:‘Glx Companies located a suitable aggregate
quarry In the terrace gravels on the Arizona side of
‘tﬁe_ river, about 12 miles upstream of the dam site.

e Right: They built a rail line with a trestle over the
Colorado River to haul aggregate to Classification
Plant iIn Hemenway Wash.



Aggregate
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A aggregate washing,
S Sy | s o classification and storage
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I j-Level Mix Plant was situated on a wing fill in the Colorado
- the Nevada side, about 4,000 ft upstream of the dam.

_’Ehe dam was widest.

"¢ Production of the two batch plants peaked in March 1934, when
they produced 262,000 cubic yards of concrete.

e This plant shut down in late October 1934 when the dam reached
el. 800 ft and most of it was dismantled and moved to the Parker
Dam site, Frank Crowe’s next contract.
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e The Hi-Level Mixing plant
was highly automated,
bearing the entire workload
after November 1, 1934. It
produced as many as 16
different types of mixes,
depending on the needs for
that day.



goncretéplacement.at Hoover.Dam

CONCRETE PLACED PROGRAM AND PROGRESS
APPROXIMATE
PROJECT FEATURES QUANTITY L3932 1933 1934 1935 1936 1937
(See Note) [J[FM[a[M[s]u]a]s]o]N[o]s[F[m[a]w]J][a[s]o]n[o[s]F m[alM[s]J]as]o]n|o[s |F]m]alm[s]s[a[s]o[n]o]s F [M[alM]y s [als [0 N [p]s |F IM[alM]y [s]A[s[o]N]D
DIVERSION WORKS [ | | [
Lining for tunnels 307,900 cu.yd. == [
Eight portals and gate structures 20,800 » e ey
| Cofferdams, principally upstream face slab 3,500 ¢ u ==
% DAM
Dam proper 3,241,900 cu.yd. I
Parapets and towers TR 4,800 « g | =
[ Abutment seals and safety islond 4,500 v -
SPILLWAYS R 3
| Weir secfions, channel linings,and highwoy bridge | 127,600 cu.yd. TAEEE =
Lining two inclined funnels 25,400 n u ] -
Two tunnel plugs 66,300 1 o | = F, LB
~ OUTLET WORKS AND PENSTOCK SYSTEM TR s I T .
Four infake fowers and bridges | 94,300 cu.yd. i e bl L == L
Lining funnels from d.s. intake towers to valve houses |2 972 0 0 . A (i |
Lining funnels from u.s. intake fowers fo diversion funnels | 4,000 n ] | g
Backfill in sloping sections of funnels from intake towers 20,400 v » i
Backfill in_120-ft. radius curve, Nevada header funnel 2,100 v v | 4 HHE
Piers and other supports for pensTocks in funnels Ry 200 AMARARE - -
Two upstream plugs in inner diversion tunnels 49,800 v v | 1 1 et || e T
Two downstream plugs in inner diversion funnels | 28,000 « « I 5 8 JEL HEIEIEE] T |ttt -
Two outlef valve houses ST | SIGIE /72 C O | AEEEEEE il oo cmrznizze:
Lining 16 penstock tunnels 16 5,300 v B ] ——————— e L]
| Lining shafts and adits, and miscellaneous items e G TR o B ] | | | i i)

POWER HOUSE

= Substructure and penstock anchors | 195,300 cu. . ; = = I s
| Superstructure 5 o O 2 ) [ 471_'-100 LIEIE | = |
« | [Government cableway {150-ton) | 14600 - Bl W:f
Confrol circuit tunnel lining and switching station | 6,500 ALl | i A0 | -
. | Highway funnel lining, sidewalks, efc. SRS T3 0 BT |

TOTAL CONGRETE| 4,

PREPARATION OF CONCRETE S| P e ARt 2 L L ] 5 )
Stripping af Arizona gravel deposit 490,000 cu.yd. | - - - chenp - 1|
Sand and gravel excavated — | 9,300,000 tons - - SR EIE 1]
‘Aggregafe processed 18,500,000 "' | et = = - Ld 5§
Concrefe production af low-level mixing plant 2,215,000 cu.yd. | | e : - ! 1 i
Concrete production at high-level mixing plant 252:8:5; 000 WINISEE | | et
[Cement blended | 4,265,000 bbl. 1 o e i : e
 Total cement 5,100,000 " | i
Proposed program

_ Construction progress as indicafed in monthly estimates
Note : Concrete yardages for structures are based on pay quontities to March [,1936 , for contract work, additional quantities fo November I, 1936, for work by Government forces
on tunnel plugs and powerhouse.

e Through amazing levels of production and placement coordination,

Crowe picked up another year on the construction schedule, bringing
the job to completion two years early.



e first hard

- APnumISel; of workmen began fashioning their own safety hats by
overlapping two baseball caps and dipping them in light tar to create
a hardened shell for protection from falling debris (left image). Six

Companies eventually supplied workmen with helmets, like those
shown at middle and right.
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» Hoover Dam was the first round-the-clock
federal public works project, using three
shifts per day, seven days a week.



e Standing: Reclamation engineers Jack Savage, Sydney O. Harper,
B. W. Steele; Sitting: Consulting engineers D. C. Henny, W. F.
Durand, and Louis C. Hill (September 1, 1933)



/—Glou insulated

strain meters were
embedded in the dam'’s oo |
mass concrete at various i U A

Diaphragm proper

locations to record loads L s

Fabric cover

Compressible material

and strains as water rose rongar it § @BR [ s o
against the dam. R st R

Mercury film Internal plate
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UPSTREAM
DEFLECTION

DOWNSTREAM |
DEFLECTION

ELEVATION

RADIAL DEFLECTIONS

NEVADA ARIZONA

DEFLECTION
TOWARD ARIZONA

)
°
DEFLECTION

ELEVATION
TOWARD NEVADA

TANGENTIAL DEFLECTIONS

The structural performance data
allowed validation of the Trial Load
Analysis theory that had been
developed in the late 1920s for arch
dams.
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1200
_.-----Half plan at E1.900 showing

A 1100

EL
/

~Cooling slot
8 feet wide

30

il i1 900 800 700

arrangement of cooling coils.
Alternate coils omitted for

clarity
U
3090 900

800 " p
701 Arizona wing of

600 3

El power: house .--Cooling tower
El. p

600/ .- 14" Headers on downstream

S L face of dam

20"Suction to refrig-

2 " g :
14"Return header to cooling tower---~ 4~ eration plant and

-726'-----eee

,Cooling pipes, see detail
of arrangement

14" Condensing water return---7 air-cooled water
circulating pumps
600

{00 Nevada wing of “--Refrigeration plant
90300 power house and pump house
Half plan showing .
contraction joint __Lo.ccnon slcq_gered_ in rela-
tion to previous joint
1"0.D. tubing

PLAN

F TYPICAL ARRANGEMENT

_.--- Circumferential contraction joints F COOLING PIPES
6" Headers in cooling slot
~Air-cooled water circulating system
~Refrigerated water circulating system

44" Headers on downstream face of dam ,.-RelPrigero:on plant
~Return header to cooling tower piRUmp,. Nouse

3 ) 7 b offerdam
“--Return header to refrigeration plant--" 7 AT

Supply header from-- 75~"River fill- sand, gravel,
refrigeration plant cobbles, oand boulders

An 8-ft wide slot was left in dam axis to allow
access to cooling pipes. River water was run thru
the cooling pipes first, then water chilled to 42 F.
This cool water removed the concrete heat of
hydration, generated by chemical action as the
concrete sets. Without artificial cooling the dam
would have heated 40 F and taken 125 years to
cure

[IV=V)}

ELEVATION

Circumferential contraction joints

Horizontal grout stops
limiting grouting sections

ELEVATIONS

b .\\:;..—lsomerms indicate
)\ desived remperatures

70"

.~ El 600
Inner gorge

3

|
B 7 8 9 10 11 12
BLOCK NUMBERS




After the concrete heat of hydration was
removed and the concrete shrank, the gaps
between pour blocks and the cooling pipes
were grouted under pressure to seal off any
possibility of leakage. This became common
practice on subsequent mass concrete dams.
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4] /m out Entombed Bodiesy

=
I death toll during construction was 96 men.
e buried in the dam’s low slump concrete.....

= Each bucket of concrete contained 8 cubic yards; if you
divide that volume over a 50 x 50 ft pour block, the
depth of wet concrete would be just over 1 inch!

As a practical joke, a night shift tunnel crew fashioned a
fake body with shoes and hard hat which was revealed
when the concrete forms were removed!




eptember 30 Jgg?

Reclamation Commissioner Elwood Mead
referred to the project as "Hoover Dam”; while
President Franklin Roosevelt christened it as

“Boulder Dam”

Mead dies a few months later, and Walker R.
Young was passed over as his replacement
because he was a Republican



X -
¥ Name Controversys

5 " Boulder%aﬂyon Dam 1922-30: The Boulder

. Canyon Project was introduced in Congress in 1922;
JW.

Hoover Dam 1930-33: On September 17, 1930
Interior Secretary Ray Wilbur (upper left) officially
began the project in Las Vegas and announced that
the dam to be built in Black Canyon would be named
Hoover Dam, in honor of the President’s long
association with the project.

Boulder Dam 1933-47: On May 8, 1933,
Roosevelt’'s new Interior Secretary Harold Ickes
decides the name should revert to its original
moniker, Boulder Dam.

It Can’t Be Done, Mr. I

Hoover Dam: On April 30, 1947 the 80t Congress
passed a resolution changing the name back to
Hoover Dam, which is singed into law by President
Truman
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e The storage capacity of Lake Mead increases
dramatically in the uppermost elevations of

the dam. Note how the lower half of the
dam only retains 1% of the lake’s water!



Arizona Spillway
650 150 -170 Deep
Drum Gates,100'x16"

|

kil intake Towers A 7 :
(IR 395in height  E - _:‘~',,_$ptllv.fay
: ) Q “ Powerplant,
‘\\‘ l‘

Arizona Spillway Tunnel

50’ Diameter
2200' in length

A Outlet Pipes
6-72" Needle

The outer bypass tunnels were connected to enormous side channel
spillways; giving the dam an aggregate spillage capacity of 520,000 cfs
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downstream
e I —————————

| ,"f e One of the CRB's

W comments
concerned moving
the valve houses
and spillway
outlets well
downstream of the
powerhouses to
reduce
transmission losses
on the exposed
lines leading from

Corrective work was carried out on the Nevada

spillw?y si!l in 1945, to remove sediment the tra nsformers

~ deposited in the 1941 spillway tests




Sriginal Splllage Jpjﬁtya—-

dhEtwo side,.channelispillwayswere.
UESTGNEC | to accommodate 400,000 cfs
e c* nyon wall outlet works could
JJJr* 1arge an additional 48,000 cfs;

== STthe tunnel plug outlet works could
~ discharge up to 43,200 cfs;

s The powerhouse turbines were
assumed to pass 28,800 cfs; but can
pass 50,000 cfs today.
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Lake Mead initially topped out in
= =" August 1941. The lowest water level
——— occurred 15 years later, in 1956.

The Concrete Research Board sought confirmation of the
design assumptions that had been employed, so the dam
was fully instrumented. Lake Mead was brought to
maximum pool level and the spillways were tested
between August and October 1941.



¢ Reclamation
engineers were
surprised to find
severe cavitation of
the spillway elbows

. o They wrongly
ascribed this to a /2
inch variance in
alignment of the
tunnel lining; but
continued studying
cavitation
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- The spillways were next used in 1983 because of
excessive runoff and a flawed computer program
that was supposed to model runoff in the upper
Colorado Basin. As in 1941, cavitation damage
occurred at the heel transition with the old bypass y =
tunnel. Reclamation undertook an emergency s
retrofit of aeration slots in the spillway tunnels at - 4
Hoover and Glen Canyon Dams later that year.



- Wartlme trafflc convoyed across the dam

wnth an Army escort
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~ Germai agents tried to sabotage the

-—1ntak-e towers using satchel charges from
a rented boat in Nov-Dec 1939; and
concocted a scheme to sabotage the
switch yard at Boulder City. Both of these
attempts were foiled by the FBI, but
security measures included Army guards,
closing the dam to tours, installing
checkpoints, and convoying traffic across
the dam.




e Plaster model of camouflage scheme designed by Alan True
during World War II using camouflage nets suspended from
cables.



e The Basic Magnesium Plant and the community of
Henderson were originally conceived under the Lend-
Lease program in 1941, then enlarged during the war to
supply this strategic metal for the aircraft industry
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Three precise leveling
surveys performed
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1949-50. A seismic
array was also
monitored.
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Credible
estimates™

weuCrustal settlement was
very close to that
predicted by
Reclamation
engineers, for an
assumed mass of
granite crust behaving
elastically, under
41,500 million tons of
water

Predicted deflections
up to 10 inches; actual
deflections were up to
7.5 Inches.
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_ Colorado River sediment being subducted
into the quiet waters of Lake Mead near
the mouth of Iceberg Canyon in 1941

-
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= Iaﬁezl\dead had a design life of just 150 years before it was
expected to silt up, absent any upstream dams. One of the
biggest mysteries concerned "missing sediment;” when it was
learned that almost 50% more silt entered Lake Mead than
passed Lee’s Ferry (360 miles upstream). The lion’s share of
this silt was subsequently found to have emanated from the
San Juan and Little Colorado River Basins.
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Bathythermography tests adjacent to the
dam’s upstream face revealed unusually high
temperatures from biologic reduction of
nutrient rich silts brought 115 miles across the
sinuous course of the old river channel by
turbidity currents.
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e The discovery
of turbidity
currents in the
early 1940s
triggered
intense studies
under the aegis
of USGS,
Caltech, and
the AGU at
Hoover,
Elephant Butte,
and Norris
Dams.




Elevations above Sea Level

Area in Thousands of Acres

|3000 10 20 30 40 50 60 70 B0 90 100 HO 120 130 140 150 160 170 180 190 200 210 1300
Top of Par‘aﬁaet Wall P g
IZMT1237______+'|__i._____.________,c..,___._______1250

1232 AT ]
1200 {Top of Dam - ~ 1200
| | =1 Max Flood Storage
l50_1130.-_______ ,‘17_/.4______. ____J-____.._”w
1100 e 1100
X

1050

1000

il

1050

&
S

1000

w
=3
(=]

950

[--]
o
(=]

900

850

800

=]

=]

(=]
\\

750

Agsumigd Elevation| of River 647

700

650

2 4 6 B 10 12 14 16 18 20 22 2 26 28 30 32 34 36 38 40 42 44

Capacity in Millions of Acre-Feet

AREA - THOUSANDS OF ACRES

5 10 15 20 25 S0 100 125 150
17T i T iEchu fye fmoé controt um ss 0 rmn AFE i |
1232 el 12320 Top |f dom & moximum water sur!vca ; E -4 I 1
1220 —— El. 12250 Top of exclusive tlaed control pook, + i :
£1.1221 4 Top af spillway gotes. & e Ao 1 |
1200 "—{ £)_12t9 & Bottom af exclusive flood control pooi 1Y 1 1
| _lel.izo54 Spittway crest. - il Nt i
irgqa £1.895.0 Lower cylinder gote enironce ilners, L H = w P ’, :
1160 po—r] intoke lowers, 4 \‘1_7/ et —m| C1 <, f
[ pacd storoge 2,378,000 A.F. betow E1.895.0 g [ ol ! LT ] 2 {18 '
1130 te BTt 518 i
[ l I | [t PR !
120 1 =7 e I s + — EREE t
o NP raR o
- P -
w1100 [ NOTES P RPR
1080 Curves Indicate ares - ) o1
2 =1}
T~ 8 ovgileble copecity '3 s 8 ot
g 1060 / q)@/ } 188 Dy
= A J_Voased an sedimention | wiy Do M|
E a0 T SR o=
% ,/ / ! survoy of [963-64 | @12 W2 ol o!
u) 1020 v T - B e & :: —
) A WwE wia oy
i 1000 g i ;
980 i A 1 |
// / 25 30
960 7 T
340 / / ... .
/ 8-29°68 { QEVISED MAX. WATER SURFACE
] D-750
%20 / WITED FTATES
DEPARYMENT OF TNE INTERIOR
200 LAY OF RECLAMATION
| i #ouLDER curon BROJECT, ARIZONA — NEVADA
OG5 e T 4 G 20 LAKE MEAD

AVMLABLE CAPACITY - MILLIONS QF ACRE FEET

This drawing supersedes 35-300~-40

AREA AND CARPACITY CURVES

oRAWN_SEC _ _ SUBMITTED  __ . .. .
TRACED PR RECOMMENDED ... __
CHECXKED AL D. . APPROVED

BOULDER CIFY, NEV. MaR.3,1947] 45 —300-126

Reservoir Area
and.Gapacity™
Curves

» Between 1935-64
Lake Mead lost
about 3 million acre-
feet of reservoir

capacity by siltation
That figure dropped
dramatically after
the completion of

Glen Canyon Dam in
1964
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- Lake Mead are being infilled with silt
coming out of the Grand Canyon. The
annual influx was reduced substantially
when Glen Canyon Dam closed its gates in

the fall of 1964.
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Vegas as' a major
vacation destination

e 750,000 visitors per
year at the dam

e 6 million people per
year recreate on Lake
Mead

e Boulder City survived
transition; but still
does not allow
gambling
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This lecture will be posted at:

www.mst.edu/~rogersda/dams

In .PDF format for easy downloading
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