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FOREWORD
The water in and on the earths surfase
is of constantly inoreasing importanee
to the life and comfort of man. As pope
ulation inoreases and civilazation advenees
80 will the value of water increase and
the struggle over its control will increase

'in like measure.



REVIEWING THE BOULDF? CASYON PROJFCT

The Boulder Cangon Profject became effective June 21,
1929; slx months after 1t's passage,nand moncy was to be
made avallable at the regular 1929-30 meetiny of Conire=s,

The branch rallroad from the union Pacific railroad,
to the damsite 18 now under construction,nost of ths work
belrg dons hy the Union Pacifiec.

It 1s expected that highway oonatructioﬁ from Las Vegas
to the damsite will start immediately. This rosd m"y be con-
atructed a3 part of the project,since it 1s considered a
proper charge against the construction fund,because the
government will need prompt and efficient staze service
for express,light freight,sd labor turnover.

Private corporations will be allowed to bid for fur-
nishing the power necessary for ccnatruction,and if the-e
bids are not suitoble the government will build 1t's own
plant.

A corcrete gravity type dam,curve? in plan 1s rroposed.

Excavations must be ~ade to a maximum depth cf 175
feet below the river bed to s0lid rock.

A coffer dam must be built both above and below the
damsite and turnels excavated through the solild rock to
divert a raximum of 200,000 second fest of water srcund the
site(according to the"Colorado River Roard" repcrt) before

excagation may begin.

(1)



It is anticipate that aprroximately 2,500 men will
be employed during the construction pericd,depending largely
on the construction methods used.

't 1s estimated that power will be ready for delivery
at the switchbvoards within five or rlx eare fter the first
contract is let.

FOLLCYWILG IS A REVIrw OF Tiag BCULLDER CALYSD PROJECT
ACT: |
f 1. That the locaticn of the project sh=11l Te at thr

Toulder or the Elack Canyon. (Sec.1l)

Je That the purpose of the act is to co:trol tre flccds,
improve navi ation,an” regulate the flow of t:e Col=
orado V"iver,to rrovide for storage nrd uce exclu-ively
within the United States,and to generste electrical
energy as a .e=ns of makin,; the project a fifiancially
solvent underta: irg.(Sec.1l9)

2. That any ri:nts the stutes may lave to water within
thig} bcun“aries,or the rigiht to adcpt such policies
and enact such laws -s they deem neccesssary,with respoct
to tte approiation,cortrol,nd use cf ~ater ~itiin
their boundaries,shall not be rcdif'led except by ti e
"Colorado River Comp-ct" or ctlier intcrstate acrer-
ment.(S:-c.18)

4, "hat tho Secretary of tie Interior is authcri-z-ad to
carry out the provisions of this act,s:bject +to the
"Colorado River Compact".(Par.(b)scc.d)

6. That the '@ 1s hereby apprcpriated @1:5,000,0.0 to
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carry out the purpose of this act.(Sec.3)

That the secretary of the Interior is authorized to
acquire by proceedings,emlnent “omain,an” otherwi-e
211 rights of way,lards and other property recea=z-ry
to carry out this act.(Sec.l)

That no expenditures shall b: rmade out of the fund
for operaﬁions an”® maintenrnce except froem appropri-
ations therefor.

That interest shall be at the rate cf 47 on all smounts
advanced from the furd und r prcvicions of tiio act,
an?' =11 nmcunts advanced frcm such funds shall be
checked by the Cecretary of t e Interior at the close
of each fiscal year.(Par.(b)sec.:)

That no person shall be entitle? to have the use of
the water for any purposes,ex ept by contract m-de
with thr Secretary of the Interior as herein states.
(sec.5)

T-at after the §25,0C0,C00 set aside for flood cortrol
has been replaced fro- the 62 1/2 per cent of any
excess over the amounrts due the government,after the
amortization period,it shall be pl=ced 1n the funrd

to be expended within the Colcrado River basin as nmay
be hereafter prescribed by Congress. (Sec.t)

Thet the rights of the Urited itates in,or to,the
Colorado “iver and‘it’s tribut-ries,shall te subject
to and coritrol2éd by the"Colorado River Comvact" (Par

(b)sec.1)
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14.

15.

16.

17.

4,

That *7 1/2 per cent of any mondgs collected by the
Secretary of the Interior,above the eamountsz due the
gcvern~eht shall go to Arizona and levada, rresumably
in lieu of taxes,by virtue of thelr natural resources
being taken for a pu lic service.(Parib)sec.4)

That the power to be sold at a pric: =y ‘e found

to be "Justified by competitive conditions at distrib-
uting pcints or competitive centers" (rar.(b)sec.4)
Contracts will e rmade with a view to secure reeasonable
returns. (Par.(&)sec.7)

That the provision of the Feder 1 Vater Fower Act,

and regulations of the Federal porer co mi clon shall
be conforrmed with as far =zs possible in tre oper=stion
an? administration of the project and for the protection
of the investor and the consumer. (Sec.8)

That there shall he rcadjustmont periods for the sale
price of the pnover,elther up::rd or do'mnv:ird ~s the
conditions at the distributiry pc.nts ray irdicate,
the first rezdjustment after fif:cen ycars -rd every
ten vears thereafter.(Par(a)sec.5)

The.t no charge shall be made for woter for irrigation
and pctable purroses in the Imperial and Ccachella
Valleys. (Gec.l)

That the water may be scld for irriszation and potadble
purroses in all districts other than the Irperial

and Coachella Valleys.(Sec.”)
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18. That a board may be arranged for,consisting of ore
menmber from each of the seven states,to advise with
th: Secretary of the Interior on the sale price of
water and power,and matters relative to t'e stat-s(3ec.16)
19. That the sum of $25,000,000 set aside for flood control
to be replaced out of 62 1/2 per cent of any revenue
in excess of any amount neccssary to repay the governe
nent,and if not entirely replaced during the amortization
cveriod,it may,thereafter be paid from the 62 1/2 per
cent of the net profits.(Par.(b)sec.2)
20. That the all American canal may be const.ructer,and
any dam and necessary works,under the reclamation act,
which ﬁrovided that all expenditures be underwritten

by the lands benifited,prior to the beginning of con-

—

tstruction,and‘ehqll rot be pald for out of the sals
of water or power,(Sec.l)
2l. That a dam be constructed with a reservoir capacity

of not less than 20,000,000 acre fect of water. (Sec.1)
22, That firm oeontracta be rade by the Secretary of the
Interior,for the sale of power generated,and the use
of water to generate power,and for the stcrage of
water for irrigation =nd domestic uses,and th-t will
replace the government investment in the dam and power
plants in fifty years,before construction shall be
undertaken,and the charges fop the water f.r irrigzation

and domestic purovoses shall be for permanent services.(Ses,r



23,

25,

That the consent of Congress is given to the seven
states of Colorado,New iexico,Vyoming, . tah,Arizona,
California,ard l.evada to enter into a corpact or agree-
ment,supplemental to and in conformity with thre
"Colorado River Compact".(Par.(a)sec.13)

That the consent of Congrezs is given to ary six
states of bhhe basin,including Californla,to erter

into a 8ix state compact,if the said rix states ratify
the Colorndo River Compact without conditions except
to waive the provisions of the first parair:rh of
article three of said corpact,requiring scven states,
provided Califorria limits itself,by leglielative
action,to. a corisunptive use of not more than 4,800,000
aore feet of water from the Colorado River,and in the
event of the six state pact,the act shall bhecome
overative six months from date of passage. These

conditions have been complied with both as to the six

- state pact and the California 1li~itation ~s to the

use of water(Par.(a)sec.4,vsr.(a)sec.13)
The con=ent of Congre s is given to the thr¢- states
California,Arizona,and lKevada to enter into an agree-
ment,and especially provides for seven corditions
under which this agreement may he made, nd rct be
necessary to return to Congress for reratification,
as fcllows: (Far.(a)-ec.4)

(1) That of the 7,500,000 annually sprortioned to

‘he lower basin by paragraph (a) of article
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(=)

(4)

three of the Colcrado River Compact,there shall
be apportioned to the state of Levada 300,000
acre feoet,and to the state cf Arizona 2,300,000
acre fe:t for exclusive beneficizl ard consumpe-
tive use in pervetulity.

That the state of Arizona may ar:u2lly use one
half of the excets or surpliis waters unapportiomed
by the Colorado River Comp=ct.

That the state of 2Arizona shz2ll have the rxclu=-
give beneficial use of the Gila Kiver ard it's
tributaries within the boundaries c¢f the state.
That the waters of the Gila River and it's trib-
utaries except return flow after the s~me erters
the Colorado River shzll never be subject to any
diminution whatever by any allowance of water

by treaty or otherwise to the Urited States of
ilexico,but if as provided in paragraph (¢) of
article three of the Colorado River Compact,it
shall become necessary tc suprly water, to the
United States of kexico from the waters over

and above the quantities which are surplus a-
defined by sald compact,then the state of Cali-
fornlia shall and will mutually agree with the
state of Arizona to' supply,out of the m:in stream
of the Colorado River,one half of ary deficiercy
which must be supplied to Yexico by the lower

basin.



(6) Trhat the state of California shs1ll and will
mutually agree with the state of Arizona and
Nevada that none of the sald thre~ states shall
withold water and none shrall require the delivery
of water which ceannot reasconably he applied to
domestic ard agriculture use~s.

(6) That all provisions of said tri-state agreement
shall be subject in all prrticulars to the pro-
visions of the Colorado River Compact.,

(7) Said agreement to take effect uvon the r-tifi-
cation of the Colorado kiver Compact by Arizona,
California,and lLevada.(Par.(a)sec.4’

And further prcvides that the thre. st-tes may erter

into any corpact,cr any two there.f mny enter into
any comp3ct,subject to further rpproval of Congress.

(Par.(b)sec.8)

£6.+' The general and uniform regulations shall be prescrib-
'by the Secretary of the Interior for ararding comtracts
and for the renewal of contracts,and providing that
no contract shall be of longer duration than £0 years.
(Sec.b)

27. That any dispute or disagreement as to tfe fullfillment
of any contract made under this act,shall be deter-
mined by arbitration or by court proceeding.(Par.(a)
860.5)

28, That contracts for use of power shall he made with
responsible applicants,who will pay the price set

by the Secretary,with a view to meeting the reverue



29.

30.

31,

32

requirerents provided for in this act.(Par.(c)scc.5)
That in case of conflioting applications for the
purchase of power and water,that the Secretary cf the
Interior shall determine the matter in conformity

with the policy expressed in the Colorado Fiver pact
as to conflicting contracts for water aid powcr rights,
preference being first given to a 8tate.(Par.(c)sec.k)
That preference shall he given to a State for the
purchase of power within six months after the Secretary
has’%iven ﬁbtice,provided,however,that time shall be
glven for a State to ‘arrange for bond irsues for
paymert. (Par.(c)sec.5)

That any agency recelving a contract for electricsal
erergy equivalent to 100,000 horsepower may he requir=
ed by the Secretary of the Interior,if deemed fecasibdble,
té allow any other agency having contracts for less
than 25,000 horsepoer to participate in the ben-fits
and to use any tranemission line constructed for
carrying such energy,upon paynent of a re=sonable

share of the cost of consteuction,operation,-nd
naintenarce.(Par.(d)sec.5)

That the Federal Power Cormission is hereb:r directed
rot to issue or approve any permits under the Federal
WVater power act upon the Colorado River or &ny of

it's tributaries,except the 3:la River,in the Coloraco
River bYasin,until this act shall become effective.(Sec.&)
That the Urlited States in constructing,managing,rnd
operating the project under this act,shall be subject

to,ard controlled by the terms of ary compact hetween
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36,

37.

38

10.

the States of Arizona,Colorado,and l'evada,or any two
thereof.(Par.(b)sec.8)

That all persons who heve served in the United States
Army during the wars with Germany,Spain,or the inn-
surrection in the Philippnines sh:11 have preference,
for three months,to the right of entry into any pubdblic
lands thrown open by the Secretary of the Interior.
(Se6.9)

That,as far as practicable,prefererce =hall be glven
to persons serving inthe ware with Germany,Spain,or
the insurrection of the FPhilippines,in all con-~truction
work authorized by this act.(Sec.9)

That the Secretary of the Interior may,at his disw
cretion,lease the use of the water for gener~ting
power,deliver power at the switchhoard,or build ard
lease the power plants.(Se «8)

That the Secretary of the Interior,is authorized and
directed to make investigation and public repcrts

of the feasible projects for irrig-tion,and sites

for power projects in the States of lew *‘exico,Col-
orado,Wyoming,Utah,Arizona,and NYevada.(Sec.1E)

That the Secretary of the Interior 1s authorized to
investigate the feasibility and deter—ine the bound-
aries of the rsclamation project krown as the "Parker-
Gila valley reclamation project®™ in Arizons,anrd
determine the most feasible method of irrigation of
these lands.(Sec.11)



11.

The project was to become effective when,either the
®*gix-State”or the "seven-State"compact was accerted by tie
S8tates involved.

The Congre: s of the United Ctates does not limit the
water supply of any State,without that State's consent.

In the "six-State"comprct,California is the only State in
which the smount of water suvnplied is to heve a linit. Wo
attempt was made to 1init the supply of either levada,or
Arizona,hence no principie of Gtate ri hts las been violaded.

The whole purpose of either the six cr the seven Stete
compact 1s,to reserve a fair share in perinetulty in the
States where developement will necessarily he slow.

he California Legislature accepted the definite lindt-
ations and,Utah entered the "six-State"com_ act by action
of it's 1929 Legislature,therefore the Boulder Canyon Project,
became effeétive on proclamation of the Presidsnt after
June 21,1929,Utah beinyg the sixth State to adopt the "six-
State"compact.

For a period of from elght to ten years b fore the
bill was placed before Comgress,engineers were golng over
the ground,testing the rock strata,deterrminirg elevations,
selecting and rejecting different sited and locations,
trying to determine the most feasible point for tle super=-
dam,sormewhere in the lcower Colorado,that would hold hack
in one great l=ke,the amourt of water that would norm<lly
emnty from the mouth of the river cver a period of ore and

one half years.



Finally two sites were picked,one in the Boulder Canyon
and,the other farthcr cownstream 1n the Black Canyon. Eoth
8ites were considered as a feasitle location for the dam,
but the site in the Black Canycn was decided to he prefer-
able *o0 that in tra Boulder Canyor,dus tc phases which will
be discussed later.

After deciding upon the damsite,it was contidered to
be feasible,from an engineering standpoint,to build = dam
across the Colorado River,that would safely impound water.
to an elevation of B50 feet.

Due to this enormous head of water,the dan er to ths
country below the dan,in case of collapse,was realized,sand
therefore 1t ''as decided that larpge factors of safty should
be used in all phiases of tlie designe. It was jud ed feasible
to make the necessury excavations,of approximately 125 feet,
but thet the plans and tho estimated costs should include
provision for the contrcl arnd handling of a considerable
volume of water. This on account of any unexpected leakage

through the cofferdams during excavation.

The pians for the power house,which nust be fitted to
a particular site,are considered feasiile as proposed.

It was decided that the All=Americ'n caral,should be
concrete lined through the sand cdunes,and e given enough
slope to carry away all inblown sand to a suitable place
of di:posal and reroval. Consequently the canal wa-~ pronoun-

ced feasible with additional cost,
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A dam of 5850 feet above low water,across the Colorado
River at Black Canyon,impounding £6,000,000 acre feest,will
be adequate,to so regulate the flow of the lower Colorado
as to control ordinary floods,to improve the preseng nav-
igation possibilities,and to store and d=liver the available
water for reclamation of public lands and for other bene-
ficial uses within the United States.

After it was determined that the project was feasible,
the necessity then arose to select the type of dam most
sultable,and to estimate the cost of construction.

The dam will be a curved gravity structure,designed
for a maximum stress of 30 tons per square foot. It will
be more than 700 feet hipgh and contain approxirmately three
and one half million cubic yards of concrete,of which about
one half million cubic yards will be bslow thse low 'water
level,the lorest point of the excavation being apvroximately
1285 feoot below low water. After the river has becn diwerted
into the diversion tunnels and the excavation has been com=-
preted,the construction ﬁroblem will be probably the great-
est mass-concrete manufagturing:job ever undertaken. That
is it may be considered the greatest,vhen the unusual height
is considered as over aguinst the horizontal area involved.

It 1s believed that the mass-concrete “work will take about
three years and eight months.

Tre stresses are determined by the trial load method,
and takes into account uptift at the base of the Aam and
within the concretej;radial sides of cantilever elements;

tangential shear between the arches;temperature change:= in
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the concrete,es produced by both setting heet ard exterior
air snd water temperature variations;transverse shear in
both arch an”® cantllever elements;the effect of twist;and
the effect of foundation and abutment ceformations in both
arch and cantllever elements.

The cost of the dam is estimate”® at 270,600,000,.00

For the discherge and regulation of irrigation water
it is proposed tc install needle valves in both sides of
the Canyon,conniected to the reservolr by tunrels and fed
from the power intake tunnels.

Also becaucse of the proposed location of the power plant
and the great height of the dam,spillweys of arple capacitvw
will be provided to prevent damaging the rcwer houee by
any ebnormally large flood@ toppin,. the darm,

The power plant will bc an installation of 1,CC0,0CO
horsepower. It will be located immedistely below the dam,
one half on the Neveda side ard the other half on the Ari-
zona sige,forming a U-shaped structure with the tase of thre
U resting on the downstream tce of the dam.

The estirated cost of the 1,000,000 horsepower devele
cpement is &2€,200,0C0.00

Also there 1s to be considere” the construction of
the All-American canal,which will run in a scuthwesterly
direction,to the international bouncdary lire then ‘vesterly
to a point about ten miles west of Calexico,Calif., The
lergth will be btetween 76 and CC miles., Iower can be de-

veloped at various sites along the can=l,principelly at



Siphon Drop,rPilot Knob,and possibly thres or four places
west of the sand hills. The Coachella branch diverts from
the main canal at a point about 40 miles {rom t.e Laguna
dam,runs northwesterly to a point rear Indio,Calif.,north-
west of the Salton Sea,and thencs soutiherly to a point near
the north boundary of the Salton Sea,tlie length of this
branch is about 140 miles. The cout of the All=Americsan
canal and the Coachella canal is estimated at .'40,£00,000

The interest during the period of construction is
estimated at §17,7C0,000 giving a total estimated cost of
£176,000,0.C0.00

Up to tris time it ha- been realizsd thal water storage
is necessary to supply the demands,but nothingz or practic-
ally nothing Las boen said as to the dispocal of the water,
that 1s dividing the quantitlies suchi tiiat each of the States
effected would get thier fair share. This gestion of water
disposal necessitated the drawing up of an agreeﬁent or
ccmpact,which each of the States would have to sign in order
that the agrocment be effective,such an insotrument was
drawn up and is known as the "Colorado River Compacti®.

"It provides in substance as follows: he Colorado River
basin consists of two great natural sub-divisions,the upper
basin and ths lower basin. All of the streams and all drain-
age of the upper basin Join together to form a single stream
at Lee's Ferry,located at the head of the great Canyon,in
the State of Arizona,a few miles southerly frém the inter=-

section of the Colorado River with the bourdary line cormon
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to the State of Arizona and the State of Utah,and is the
natural polnt of demarcation between the upper region and
the lower region,

The Compact conforms to this division and the seven
States are grouped into two political divisions. Colorado,
New Vexico, Utah,and Viyoming constitutes the "Statec of the
upper Adivision®",ani the States of Arizcnsa,California,and
Fevada corstitute ths lower division.

With the Adralnage area divided it as considered ade
visable to apportion & certain arngal smcunt to each division.

Seven million five hundred thrusand acre feet arnuslly,
wae apportioned to each divieion,and by reason of protable
future de¥elonement along the Gila River,the lower tasin
is premitted to ircrease 1t'e develorcmert to the extent
of ore rillton acre feet adcditicnal arru-l bereficial con-
sumptive use before being suthcerized to cell for a further
apporiionrent from the surplus cf the River,

The States of the upper besin shall not caure the flow
of the River tc b, Jdepleted bolow £07 of thre River flow at
Lee's Ferry during the lowest ten year pericd which is on
record.

Kavigation is made subserviert to all cther uses. Dower
1s made subservient to dcrnestic and agriculture uses,

State contfol cf the apppeprdation,uss,nnd cisposition
of the water within each State 1s left undisturbed.

The compact mey be termirated at any tire by t'e un=-

sminous acgreerent of the siznatory Stases.
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ziost of the items so far coversd have dealt with those
articles which had to be passed by Congress or by some board
appointed by Congress,now the discussion of why the d~-site
in the Black Canyonr was chosen raths then the ore in the
Boulder Canyon,from the engireer's st~ndpoint.

Approximately seventy different sites were carcfully
tested,one after the other these sitea were resjected as
being unsuitedble for such an erormous project,due to some
defect fourd by the enginecrs,testing the foundation,ele-
vations,and caryon walls. After a nurber of ye-rs of testing
and discarding,the number of rpossible drrnsites had dwindledqd
down to two,one in Beculder Canyor ard tle cther ir. the Elack
Canyon,

’ The Fuulder Canyon site was found 4o Yo suiteble and
could bs used,provided no better site wss locatec. The
foundations sre of grerite rcck of excellent gquality. Rege
ular joimnts ~nd more irreguler fractures are numerous,and
there wis found to be occasicnal fault zones,however,test
tunnels showed that these are of 1little consequence to with-
in a few feet of the surface.

Thepe is no darger of the rock falling to mest the
requirements as qham foundation.

The site considered to be nmost sultable for t e con-
structicon of the dam was ir Flack Canyun,which Is about
forty miles from Las Vegzas,Nevsdn and the Union Pacific
rallroad. At this site the rocx forration is eoriswhat

Joirted ard exhibits occasional fault dirplacencrts,which
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are completely healed. It 1s almoﬁ} ideal rock for tu?nel-
ing,is satisfaotory in every eesenéial,ﬁnd is suitablé'for
use in construction. ﬁ

The Geeplogic conditions at Black Canyon are sune;ior
torthose at Boulder Canyon. The Black Canyon site is more
aceessible,the walls are steeper,and a dam of the srLe hri cht
here would cost less and have a sliﬂhtly great;r reservoir
cavacity.

There is no doubt whatever but that the'rodkAfonmations
of this site are competent to ocarry safely the heéﬁy load
and the abutment thrusts contemplated. |

It is feasible from an englnseering stundpoint to build
a dam at Black Canyon that will safely impoumd water to -
an elevation of BB0 feet above low ~ter.

The proposed dam will be by far the highest ever con-
structed and will impound 26,000,000 acre feet of water.
Failure of such a structure would cause immense danaue
to the country below,and therefore the dam should be con-
structed on very oconservative lines.

In the opinion of the board the maximum calculated
strenses ~haeauld not exceed ¥0 tons per square foot. Xeep-
ing the stress to as low a maximum as 30 tons per square
foot,will add materially to the cost of the structure.

KOt only was the rock formetion an important factor
to be studied,but also the reservoir capacity. All of that

reservolir which lies between the damsite in the Black Can-

yon and the Boulder Caryon,is additional capacity to what
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would be obtained by conetructihg the d°m in Boulder Canyon.
A review of the entire reservoir{;s es follows: At tre dam=-
site the reservoir is only about 40bf£eet wide,from this
point it gradually widens until at a f%int about one and

one haif miles abows the damsite the regbrvoir is four miles

wideaand paintains this width to a point gﬁout ten miles
above the damsite. The average depth 1s about“SO feet giving

A
a capacity of 8,448,000 acre fect,cr 49,065,9: 4,0[0 gallons

Voo
Voo

of water. .

We have now followed ths reservoir up to trehlower end
of the Boulder Canyon,and rere the reservoir narrows\down
from a width of 4 miles to about 3,000 feet. For‘a dietﬁpce
of seven miles the width gradually becomes 1lrss and at tﬁﬁ
upper end of the Boulder Cznyon the reservoir is cnly 1;000"
feet wide. The average depth of this narrow channel is QIO
feet,giving a capacity cf 88%,1598 acre feet of water. |

It onan readily be seen hat all of the water up to thie
point in the reservoir,is that additionep amount which is
obtained by plaeing the dam in the Black Canyon rather thsan
in the Boulder Canyon,or an additional capacity of 9,311,159
acre feet of water.

From the upstream end of the Boulder Canyon the reservoir
widens out until at a point 8 miles upstream the reservoir
is 9 miles wide. This extreme width id due to a vash extend=-
ing 7 miles south;the width then gradually decreases until
at a point about 28 miles above the daresite the reservoir

is 4 miles wide and,at this point the Colorado R.ver dbrancres
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off continuing on too the east and south as the Colorado
River ard,northward as the Virgin River.

Suppose now we consider the nrorth fork of the reser-
velr;first we find that 1n about iive 1riles it narrows down
to two miles wide and,at the forks the Fdepth 1 sbout 460
feet,five miles farther upstrear the depﬁh is ahbout 400 feet.
The reservolr extends northward ror about 18 miles with
approximately the sam= width,there it branchvs out,the riz»t
branch continuing on to the north about 10 iles,gradually
becoming shallower and shallowor until there is nothing
left but a muddy creek. If now we observe the left fork,

" ve find that it includes the towns of St Thomas and Ksolin,
this tranch extends northward for 7 miles,and also dwindles
away to a muddy oreek. Not only #$t Bhémas snd Kaolin but
also ¥ miles of railroad will be in the rcservoir.

The reservoir along the Colorado River ' aintains a
uniform width of about two miles for a distanco of 10 miles
ebove the forks. From this point the ressrvoir narrows down
until at a distance of 12 miles upstream from the forks,
it is only about 2000 feet across. This is through the Vir-
gin Canyon which 1s about 6 miles long and will have a depth
of about 400 feect. After passing through the Virgin Canyon,
the reservoir widens out,covering a sand dune territorg and
Greggs Ferry,tlien narrows down again as it enters Iceberg
Canyon. The River crosses the Nevada and Arizona line in
this Canyon. The depth at the line will be about 330 fe-t,
From this point on the width will rarely exceed 2,000 feet,

as the water pavses through canyon after canyon,filling
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the Grand Viash,the Grand ‘'ash Canyon,the Grapevine Wash,

the lower granite gorge and,from a pcint just about 100 -
miles from the Black Canyon damsite;where the elevation

is 1050,upstream to the Bridge Canyon damsite,the river is
in a canyon having practicelly no rerervoir cepacity due
to it's width.

This then is the review of the sre-test recsrvoir ever
contemplated,in which there will be stored approxiratly
26,000,000 acre feet of water. It can resdily be‘éedn that
i1t will take some tirme to fill and ke:p fllls? a regservoir
of such an enormous capacity,so at this tilme wo will take
up a study of the Colorado River and '1t's tributaries.

The United States Geological Survey has finished an
investigation to determine the possible ultirate develop=-
ment of the States of 7yominsz,Colorado,New Mexico,and Utsh
from the Colorado River and it's Tributaries. It has been
determined according to a recent "press releese" that anprox-
imately 1,198,000 acres ars now irrigzated from the @reen
and the Colorado Rivers not including 160,000 acres on the
San Jaun River in New Mexico,with a possible ultimate scre-
age of 2,997,GQO acees on the Green and Colorado Rivers,
and of 600,000 acres on the San Jaun,makxing an ultimate
irrigated area of 3,597,000 acrea;ae?uming 2 consunptive
water duty of 1.5 acre-feet per acre;which studonts of the
question agree to be liberal,makes aLtotal consuniptive use

of the water in the upper basin of 5;395,503 acre=feot of

rossible ultimate transmountain diversions,brings the total
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possible use to approximately 5,720,000 acre-feet as con=-
templated by the Colorado River Compact,

The total rnein annual run-off at the Junction is about
12,599,00 acre=fest of which 6,800,0C0 acre-feet flows in
the Colorado Kiver snd 5,720,000 acre-feet in the Grecn,
The available reports discus-~ in cdetall the e:xtent to which
this flow is now bsing put to use and outline it's probable
future usze. The bare facts are presented.

IRPIGATION.= Aprroximately 1,103,000 acres are irrigated
at the present time with water from these dreinage tra:ins,
and 1t 1is estimated that this area may ultimately be increased
to nearly 2,997,0C0 acr=s.

TRAKSKOUNTAIN LCIVERSION,- At the present time there are
nine conduits that divert water from the Green River basin
into the Great Sa't Lake basin,cl~inming atout 185,000 acre=-
feet per year,2nd six conduits that divert water from the
Colorado River above the Green into the l'ississippi River
drainage basin,with an annual diversion of 20,800 acre-feet.
‘According to estimated that have besn made the pcssible in-
creased diversion into the Great Salt lLake Fasin wmay amount
to 50,000 acreo=feet and that into the ..ississippi River
Basin to 232,000 acrs-feet.

DEVELOPED POWiR,= Not including all special plants such
as flourmills and sawmills,which generate hydroelectric
power for use incident to their business,there are 48 hyd-
roelectric pbents intthe basin having a total installed

capacity of abcut 49,000 horssporer. These plants are dis-



tributed by States as follows;Wyoming,one with an installed
eapacity of 70,00lorado,fourty oné’having‘a total installed
capacity of 47,350,and Uthh six with &n installed capacity
of 1,780.

UNDEVELOPED POWZR.e The amount of the developed power
is practicably negligible eompared with the undevelored
power resources. The various reports describte scme ninety
sites at which it would be possible to develope 169,000
horsepower for 90 per cent of the time,311,320 héréepbwer
for 50 per cent of the time,or 1,080,000 horsepower with
the flow regulated &t described reservoir sites. Tiiese sites
are located as follows by Statee and by major and minor
drainage basins:

The above figures do not include 7,500 horsepoﬁér.noQ
in use and ten urdeveloped sites capable of producing 250,
000 horsepower in New Mexico on the San Juan. The'totdi,then,
in the four upper basin States-Wyoming,Colorado,New Xexico,
and Utah-is developed 56,700 horsepower,undsveloped 1,360,
00D horsepower.

The Co}orado River Board,after reviewing in some detall
existing records of flow,in it's conocluding paragraph on
water supply statess It is estimated that the present flow
is depleted by water taken for irrigation in the upper basin
' by approximately £,750,000 acre feet,which emourit if added
to the above estimated flow,would increase it to about 185,
000,000 acre-feet. This 1s the amount apportioned by the

geven-state compact for the division at Lees Ferry.
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SILTIKG OF TEE RESERVCIR.- It is decided that the efficien=-
cy of the reservoir will not be seriously impaired during
the first fifty years,and 1s estimated that 127,000 acre=
feet of sllt will be deposited in the propcsed reservoir
annually.

It 18 estimated by engineers familier with the situation
that well within that periodlother reservoirs will be cone
structed above which will stcre & greater part of the silt.
Five million acre-feet capacity in the Boulder Cam reservoir
is allocated to sil}lt controll

As a closing paragroph for the toric of the water supply
I would say that without regulation the river has little
value., When the melting snows f£ill its thouzands of little
feeders,the lower river becomes a turbulent,dargerous
force. Nearly a hundred miles of levees have tO be mairtain-
ed at & great cost to keep the river floods from innundating
the farms of Yuma 2nd Imperial valleys. “hen the snows are
gorie, the river shrinks tc a shadcw of vhat 1t was two months
before. The quick rurnoff of the river and the absence of
surmer ralns accentuste this wide difference between high
and low water. The hishest surmor floods have exceeded
200,000 cubic feet per second; low flow has dropped to 1,209
cubloc feet per second.

These conditions call for a large rescrvoir to regulate
the river's flow as the next step in pritecting development
already made and in providing for its expension. To serve

all purposes the étonage must be large enough to'eqﬁalize
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the wide variations in monthly disch:rges and reduce the
variation between years. The larger the storage the moee
valuable it will be.

During the months preceding the passage of the bill
the original purpose of the act,which was to protect the
Imperiai and Yuma valleys from floods and drought,extend'
the irrigated area in Arizona and California and furnish
additional water for domestic use and other uses in the
coast eounties of California,had been lost sight of. It
had eeased to be a measure to provide water and had become,
in the discussion and in popular opinion,a measure for the
produotion and disposal of power,

Enlisted in this controversy were the private power
interests,opposed to all government construction of power
plants,the believers in state and and municipal ownership
and operation of power plants,and the different states
which wish to participate in power revenues. It became a
 struggle between different economic and social policies
and for the political advantages of the different states.
A8 a result it &s hard to understand just what the bill,
as it was passed,means,how far the Secretary of the Interior
in the allocation of power is to be controlled by the pre-
ference given to municipalities and to states,and how far
he can exercise discretion in the protection of public wel=-
fare.

One'thing the Secretary cannot ignore. The law reauires
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him to secure a contract for the power that will répdy the
costs of eertain parts of the work within fifty years. With-
out such contract the entire legislation fails and Boulder
QamA&ould have to walt until Congress deals with it again.
"§5An opinion widely held that-- Boulder dam is being
pﬂid for out of taxation-- 1s erroneous. It must be paid
fgr out of power revenues and charges for storing water.
Mfter the Seoretary has secured satisfactory contracts for

,power,he can then proceed to submit estirmates ‘fom apppoiations

and make contracts for the building of the dam and power

I l
.4 After a long and careful investigation the power experts

’fmployed fixed a price for the power privilege at the dam

of L‘GG mille per killowatt-hour as meeting ‘these require-

menis.iThose who pay this price will have to install and

/ opgrate the msohinery. It eimply means a fixing of the price

to bo pald for falling water,with the government having
notying to do with the generating of hydro-electrioc energy.

‘I the charge is much greater than this,customers carnot
T

be/ found.
'’ Wnile there have been protests that the price was ex-
cessive,two offers for the entire output have been recieved,
one from the Southern California Edison and related companies,
and one from the department of power and light of the city

of Los Angeles. Both of these bidders are in a position to

dispose of all the power purchased. There have been other

offers,but hhe ability to dispose of the power i so prob-



lematical that the Seoretary could not concider them with
the facts now before him,

The problem of disposing of the power is complicated
by provieions in the bill giving to municipalities and to
the three lower states of the basin a preference right to
claim power. The act mequires that this preference right
of the states be exercised within six ronths. Only Nevada
has indicated a desire to acquire any definite quantity of
power. Certain munioipalities in Arizona and California
have also applied for power,

There are,however,certain definite rights which must
be protected. The Metropolitan Water District, comprising
the southern California municipalities whic are seeking a
source of domestic water supply in the Colorado River,will

need a large amount of power to pump this water over the

mountains. A number of other municipalities have preference

rights,as have the states of Arizona and Nevada. It is in
every way desirable that Bhese states obtain this power
whenever it can be utilized to operate mines or develope
latent resoupces. The Secretary has been very successful
in his negotiations with the diiferent interests,in bhat
he has induced the two prinoipal distributors of power to

agree that,while they will contract for (and if necessary

take) all the power,they consent to surrender to,the letro-

politan Water Distriet one half of the total power generated,

or 30 much thereof as may be necessary for punping weter

in the aquedudt. They agree to surrender to each of the
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states of Arizona and levada 18 per cent,or 28 per cent

of the total quantity of the power gemerated,and to munic-
ipalities a certain additional percentage,the amount of
which has not as yot been definitely fixed.

If all these withdrawal privileges were exercised,
it wduld mean that the original contractors would have less
than 10 per cent of the power left to mect their require-
ments. They are willing to assume this risk because of a
confident belief that not all of the withdrawal rights will
be exercised,or at least will not be excrcised for many
years.

If the power privilegze 1s disposed of at 1.62 milla
per killowatt-hour,it will pay the entire cost of the dam
and leave a very oconsiderable surplus to be divided between
the states of Arizona and Nevada,the bill providing for
such division. It would appear that each of thHese ststes
stands to recleve an annuity somewhere between $Z%0,000
and $700,000 a year.

Based on the estimates of the variations of flow of
the Oolorado River,it is believed that under present eon-
ditions of irrigation a continous output of 550,000 horse-
power,or 1,000,000 horsepowser on a 55 per cent power faotor,
could be maintained even duwing the years of normal low flow.
A 1,000,000-horsepowsr hydroelectric plant fully loaded and
operating continously on a 55 per cent load factor,would
generate annually '5,600,000,000 kilowatt hours of current.

In actual practice this theoreticl output might be reduced
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by approximately 10 per c¢ent.

With the uncertainties of the flow at Boulder Dam it
is impossible to estirate closely the average annu=l output
of power which would obtain during a fifty year period but,
1t will be concluded that with full irrigation development
in the upper basin,the 75,000,000 acre-feet can be delivered
at Lees Ferry,during any ten year period.

The above supply equalized at Boulder Canyon is equal
to approximately 12,000 second-feet of continous flow which
in turn will generate,with head available,approximately
; 559,000 horsepower under ultimate development. For present
and near future conditions-- say for the next 2t to 60 yecars
the available water supply will develop 860,000 firm horse-
power. These conditions will ‘obtain until full irrigat:on
development in the upper basin.

SEQUFNCE OF CONSTRUCTIOUN: Before work can he started
at the damsite i1t will be necessary to build the construct-
fon railroag,to provide adequate housing facilities and to
secure electrio power for construction purposes. The first
step in the program will be the construction of the rail-
road. The next step will be the building of a town with all
modern imﬁrozemehte.including sewer and water supply systems,
the water being obtained from the Colorado River. Construct-
ion of a temporary pover plant,or of a transmission line
from some outside source,caﬁ proceed eimultaneonsly‘with
the building of the railroad and the town.

As soon as transportation,housing and power facilities
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are available,the driving of the diversion tunnels will be
atarted. On completion of the turnnels,the river will be div-
erted and the upstream and downstream coffer-dams built so
that the foundation of the dam can be unwatered and the
foundation excavations made. Stripﬁing of loose rock on the
canyon walls,excavation of highway approaches and such
abutment excavation as may be required will be carried on
while the coffer-dams are being built. As soon as the founé
dation excavation is made,pouring of the mess-concrete will
be started. Concrete work in the splllway,powser tunnels and
outlet works can proceed simultaneously with the pouring

of the mass-eoncrete in the dam. It is estimated that all
work can be completed in seven years.

The eonstruction of the main line of the All-American
canal will be a six year program and work will proceed sim-
ultaneously with the work on the dam. No estimate: of the
time required to build the Coachella branch of the All-Amer-

ican Canal have becn made thus far.



The ohject of tlils Thesis, belng a vart of the review of
the Toulder Dam Troject, 1s to present & comnrchensive view
of the general conditions confronting those 1lnterested in such
a project, It 18 not intended to be a technieal report of the
subject, but 1s limited to thinzs of a more general nature,
It is hoped that thils knowledse meay be obtalned upon reading
the paver &g »nresented,

Ce Fo Ravell.'
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The investi~-tions of the feasible sites for the boulder
Dan includcd the investiration of two locationsjy namely the
Boulder canyon site and the Elack canyou site, The board of
Engineers and Geolosists aprointed under authority of Joint
Resolution lio, 65, Teventieth Congress, made the following rep-
ort to “ecretary .Jest, it Doulder canyon tie foundation rock
ia g}nﬁite and assoclated ~ranitic rock of excellent quality,
ecgular joints and more irecular fractures are numerous and
tliere 1s an occaslonal fault zone, Test tun c¢ls rove that
tiiese are of 1little consequence to within a few feet from the
surfece, On the whole tl:e rock 1s strons, substential, durable,
and tlie whole mass 1s escentially tizsht, Tlere is no danger of
the rock falling to meet requirements as a dam foundation, The
rock in the vicinlty is suiteble for construction materials,
and there are local sourses of go:4d gravel, If no otiier site
were avellable, The ould:zr canyon site could safely b used
as for as éeological conditions are concerned,

T:e moet favorable slte in Dlac: canyon 1s about 40 miles
¢lstant from T.as Ve -as, llevada,, &nd t:e Unlon "eciflc Rall=-
road, A construction raillroad from Tas Veras would pass near
avallable crevel deposlts end tlie best quarry sites., “he foun-
datlion is a voicanic brececla of tuff, a well-ccmented, toush,
durzble mass of rock standing witlhh rereriable stecep wallé; and
reslsting the at ack of weati:er and ercsion excentlionally well,
The roclt formation 1s somewliat Jointed and exhiblits occasional

fault displacerents, which are now completely healed., It 1is



alwoct 1deal rocl: for tun:cling, 1s satlisfactory in every ess-
ential, and 1s sulteble for use in conctruction,

Geolozle conditions at Dlack canyon are suncrior t:- thoce
at Boulder canyon, T.1e Flack canyon site is nore acececscible,
the ecsnyon 1lsg narrover, thwe gorce 1s shallover below water leve
el, the walls zre stecner, end & cdem of the s e helzht here
weould ccet lees and would have a somcwiat reater reservelr
czapaclty, The roci formation is less jJ>inted, stands up in
si:ecy cliffs betler, exlilbits fewer opon fractures, 1s better
healed where formerly broken, end 1s less pervious in mass
than 1s the other site,

Tiere is no doubt whatever but that the rock formati:ns
of this site are competlitent to carry the heavy loed and abut-
nent thrusts contexplated, e board is of the oninion theat
the Nlack cenyon site 1s sultable for the nronosed dam, and
is preferable to Boulder caﬁyon.

The Teolo~y of the Ifoundstion

the ludly Creek formation occunles by far tie grcater

part of the surface within tie Boulder canyon lescrvoir site,

Cverlyin the Greg s bracciz and the “uddy Creek formation 1is

& deposlt of well-stratified sand and gravei with intercalated
flows of basalt, This has been deseribed by Lee of the United

States Teological Curvey, who named it the Temnle Lar conglom-
erate, It 1s wariable in tlickness and from lee's descrintions
ap-eara to atpain a maximum of over 2270 feet, lHe resarded it

28 probably of early “uartcraary ase

e

A

4 8111l younger deposit of gravels forus bluffs and tere
feces along the Colorado from the mouth of the Grand Canyon to

he Gulf of California, They heve bLeen nemed by T.ee tlie Chee



COLORADO RIVER, NO. 92

Looking downstream into Boulder Canyon from point of rock on Nevada side near the
entrance. The lower part of the Arizona abutment fora dam at the upper (**C'’") site is

shown in the lower left corner.

A drill barge is shown in the center of the picture, work-

ing at the ** A'' dam site. February 19, 1921




ms tuevia crovel and were consldered by hln as of late "ucte-
ernary are, Thclir maEirum thickaness is glven as about 700
feet, |

In addition to the intrusive granite rocks of pre-Camoe
rian a-e such as are exnosed in Coulder Canyon ond the late
Tertiary bhasalt flows, such &s occur in the . uddy Creeir fore
mation and Temple Far conglomerate, the rezion contalns two
rather complex mas-ea of pradominantly i-ncous roclz of cone
eiderable volune anl extent, Cne of thesze llics Just ioxrth of
Boulder Canyon and stretches westwerd toward Callville vash
and ezstward to the vzlley of tio Virging t 2> otlicr occuples
many square mlles on totlr sides of the Colorado, in the vie-
inity of "lacl: Canyon, Informetien concerming tlece rocks will
not be ~iven, For prectical coavenlence of roference in tie
present report, however, tie flirst of tliesce may be rcferred
to as the Spuldor "ash group and the second as the Tlack Canyon
proun, The Plack Canyon groun 1s the more homoceneous and ¢on=
sists of intrusive masses, flows, breeccias, and volcanic sed=
iments that are probably all of Tertlary ase., The Zoulder Wash
groun, 1in additlon to voleanle and intrusive rocks, contalns
some limestone and thale, The volcanlc rocks ere pro:ably
Tertlary but somc of the stratified rocks and possibly some
of the iIntruslve rocks may be oldsr tlan the Tertlary,

At tlie base of the IZouller “'ash group, on tie norti slde

of Doulder Canyon, 1,070 fe:t or more above the river, 1s a
hard, ciliceous rellowlsihh limestone wihich rests direclly unon

the pre-Cembrian sciilst and . ranite, o foseslils h:ve been



found in 1% and its ea-e 1s unlmnown, -hils il?estone, which
1a perhaps fron 120 to 220 feet ti:lck, 1s overlain by sev=-
eral hundred feet ol coarse breccla compos:d loriely of
fra--ents of nre-Canirian rock, Ap-arcntly sorc lenses cf
limectone are intertedded with this. hreccla, The Gcneral‘
dip of the whole is to the north,

The i-neous rccelzs of tlhiz lack Canyon groun constitute
gn eoxtenslve mass that lles atiwart the course of tie Colo-
relo, about 3 miles soutih of tlie mouith of T.as Ve_as ash,
end siretciies ecst and wect for 2 or 3 miles on each slde
of the river, Throush this mass the stream has cut the dee»n
cor;e of Coulder Canyon and {lows whelly witiiin 1t for atout
8 miles, to apoint where the wal's Lecone less precipitous
and pre=Canbrian cranitliec and schlstose roci:s enerce from
benentir the voleanle group, Yor ebhout 7 miles farther, déwn

to Junho “agh, the rivzr flows rainly throuch mountains of

pre-Canbrian crystelline rocl-e, but members of thec Ilacit Cane

yon groun a-near at thie wator's edge., Telow Junhn lash the
Canyon vas not travefsed, but a rzconﬁaissénce su "ests thet
the Ulack Canyon vcleanle groun may he generally contlauous
with the thicik volecarle scriecs t.at mekes un most of the
Rlack ‘ountelins Ifartiier sout!y, in the vicinlty of Catnan,
Arizona,

The pencral form of the entire asse hHlae of roclis cone
rrising the.ﬁlack Canyon sroun 1s difficult to aczcertaln and
in soue resrects w-uld renain in doult even afitcr detalled
éeolo:ic nas ing, It 1s clear, houcver; tlat thie rocks are

chielly lava flows and otreccia deposlits th:at corizinelly



wers nenrly horlizontal, They evidently occuny a Lasin of
w1ch the deevest part is under tiz oreseni: lack Canyon,
The shape of thils beasin and the deptha from tiie river level
to tie nre-«Canbrian crystalline rogks unon wliilch the lavas
as a w.iole rest crz not st »reqcint detcrainable, There is
sone evidcneo to shew that tiie bLottom of te hasin subsclde
ed after tiie first eruptions and rerians esntinued to sink
througzout the period of volecanic ectivity., Tuch movement
1s Indlcated by the exposure within tlie cenyson walis of lay-
ers of volcanic eandstone wilch now din et anles up to 65°
an’ lzve becn faultcd, wlheras t ¢ hizher [lovg lleve gencre
elly a much lower dip toward thc eagtenortlicest, There is
evilcuce 8l one locality that the endesite brole tharoush
thie c¢ller rocks iIn the vielnit; of Tlac’: Cneyony in other
wourds, that the seet of eruntlion wes loesl and tiat the
f1ov s 2.:d Trec-isa ere ot the proluct of culrsta at g8o=

. . 2 J el 4ol . § R . E] . T
oo onoial, I. Lhilz Lo trie, LU 1t ~ronadtle
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thet in some parts of tre 'aglin ty eowlesltic lavas cgotle-

enld downverd to ticlr polnt of orl In wltiln the eariiy,

The ba-eltlc dikes and mascses that are éXﬁOﬁed in the
canycn wr,1lls belon; to a late stapge in the eruptivé ot~
ivity and probably .xtend downverd far below the bot:.om of
the basin, they ap-ear to have risen throu-h brenci:ing and
irrezuler fissurcs which cross the genci-1l strotification
of the flows and brecclas,

From the oecurrence of “re-Cambrian grenitic end sch-
istose rccks both nort!: and 2-ath of Dlack Canyon it 1is

falrly certain that the "lack Canyon volca :lc Srou» as a



whole rerts on thece rocls, “ucit a relaticn is cle=rly shovin
on the river about 8 miles telow the hesd of 1lack Canyon,
“ere the andesite reats on the »re-Cambrian, It % s not »ra-
cticeble to exn—ine the cont:et closely et tMila nlace but,
a8 seen from the river, 1t apnears to be fairly clcse., It 1is
certeln that loose grev:ls cr trccclcs are ahsent at this
roint, ~2nd if any detrital rmaterilial intervenes betiwcen the
lav-s and the rnre-=Cambrlan it 18 not c¢f & cvrachior Lo cru-
se any anxlety as recards possidble lezlznge from & reservolr
8 11les away,
REZRVOIR LA MAG

In brlef, the wrter of the nrcncsed Bleck Canyon Fese
ervelir will te confined by mountains of hard rock or by
naturzl dams of softer but not particularly pervious mater-
ial turoush which it would have to pass for 27 miles or
mor> vefore findins an outlet, In other words, there is no

point at which escu e or water from the reserveir through

a relatively thin barrier of pervious materisl need be feer:zd,

The shortest route of escane throu~h the inclosin,, rocks
would e thrcush the mass between Hemenway "ash and Color-
ado Tllver, to some roint of emergence below the dam site,
To accomnlish this pascage the water would have to pass thre
ouzh et least a mille of rock, partly intrusive dioritic por-
phyry and partlv the volcanie rocks of the %Hlack Canyon

is no evidence of the existence of any cont-
groun, There
iouous porous rock zemher as for examnle, a layer of con-
glomerste or loose breccla, tarouch which water could es-

»

cape by this route,
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The possibility of leskege around the dam on the Ariz-
ona side of the river, undear the gravel=covered slopes that
intervene between the Black Canyon voleanics and the pre-
Cambrian rocks of the main ridge of t'e Blac: ‘ountains, was
also carefully considered, To escape by this general route
the water would have to penetrate at least 2 miles of mater-
121, mostly solid, impervious rock, #is the flows of the Rlack
Canyon groun din mostly northcast, away from the dap slite,
the water would have to find 1its way not merely between but
across these flows and the possibility of eascape by this un-
derzround routse may safely be <ismlssed,

RTACK CANYON DAY SITE AND LEAZAGE
FROULD DA

The river here 1s from 250 to 300 feet wilde, and the
walls rise so steeply that at the 1,107 contour, or about
450 feet above the river, they are only from 699 to 700 feet
epart, For a considerable part of their height they are oome
nosed of andesitz tuff breccla, consisting of ancular frag-
ments of andesite and of other fine-grained igneous rocks in
a matrix of finer particles, all firmly cemented to a hard
rock of generally reddish gray color, Althoush not separ-
atle into dilstince teds, the rock exhi-its indefinite lines
of stratification, emphasized on weathered surfaces by the
eli~-nment of irregular pits of cavities which give the rock
the su»erficlal aprnearance of bein~ somewhat porous or spon-
"Je. ~he pits, however, are not oricinal covities but are due
to th:e disintegration and weathering out of ecertain fragments

in the breccla, In certel~ spots in the walls the cement of






the breccles, which is partly calcite and nrobably .partly
oxide of iron, is mcre rez2dily ected uvpon by the weathcr
than elzewhere and the breccla dlsintegrates so as to rro-
duce cavities or shallow caves in tlhe cliffs, This actlon,
however, is superficial and the rock back of & very thin
surfece layer 1s apnarently nezrly or culte as strong, hard,
end Li-crvicus £g elseﬁhere. The breccla as a whole is a
stron, herd, imnervious rock end would bs excellent mater-
121 on and egeinct which to conatruct a dam, Thire is no
decp decomporition and legs than 10 feet would have to be
removed to secure good anclhiorage for a corcrete structure,
The breccla 1s trzversed ty some Jjoints, but these are sup-
| erficlally accentuated bj’weathering. Joints are nrobably
much lesz cbuninnt than in the grenit et Eoulder Canyon,
“hen a daﬁ is consiructed on cranite tliere is not like
ely to be mueh concern ebout the foundation, There is reas-
cnable certainty that the mranite extcnds downwzrd far bey-
ond eny denth that ne-4 be considered in nlanning an engine
esrinz stiucture, “hen, however, o dam is bullt on volcanie
rock 1t 1s necessary net only to consider the character of
the rock in sisht but to incuire what may te beneath it, It
i1s possible, for example that a firm massive lava may rest
on looss gravel or g--lorerate throuch which water micht es-
cape end nerhaps in time undermine the foundation of the dam,

’,

o one can tell at present what is under the andesite brec-

cia at the lower dam site ¢ b Dleck Cenyon, but it 1is reason-

able certain that the brecola extends so far below the river

ed &t this ncint to insure an adequaté foundation for any -
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properly ccnstructed dam, The lines of strztificztion in the
breccia din unetreen at shoud 5 de-recs, The roie breccla
extends downstream for et least 1297 feci, with cradually de-
cre sin dip, The averare din c-n safely be taken et 30 deg=-
re~s8, “his would give a thickness of 2%t lezst 750 feet of br-
ecclz below the surface of the river at the dan sité. The act-
uel thickness is probably grecter than this, as thie dip and
distance used in the calculation were very conscrvatively
telen, If anyvwhere beneath thie breccla were soft or porous
denosits, these nowhere come to the surfoce and consequently
would not be likely to pnernit the sca-c cf weter held back
by the propcesed dan,. ' lherever the basé c¢f eny meaber of the
Tlack Canyon volesnice rroup has been seen no considereble
quantity of loose or porous material hes been found. About
1,79) feet dovmstreem froa the lower d-a site an irregular
intrusive mose of beselt is expoeged on both sldes of the riv-
er and extends for some hundreds of fecet alove ths water,
Thls mass has presumably come un from great dg pth &nd cone
stitutes & natural lmpervious dlaphragm which would prevent
frec vesseze of wzter t?qoujh e burled porous stratum, did
such exist, LAbout a mile below the dam site the bresccla dise
e mears and an intrusive dilotitid rock fcrns tihe lover walls
of the eanyon, The preclce plont c¢f chunge was not recosnized
in pascins up and down the river z2nd the contact bitween the
two rocks 1s certalnly inconspicuous end presumelly, there-
fore, close, In short, i:'re 1s no rencon to ap-rehend that
water 1unnoinded behlnd a hizh dam at “: 2 lower é&am site could

eacape arouwud or under tis dom,
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TOAECLION o T TITR

iwo dom osltes were investlsated ln Dlack Qavjon; one
ebout 14097 feet b:low the entrance, known as the A slite and
the other obout 1 miles bolow the entrance, knovm as the p
site, ue to thie rreeter width of river channel at Lhe unn-
er site 1t was anticlpatcd thet bed rocit would e found at
comparatively shel ow deptis, iowever, the saallow aepth did
not materialize, and this in coziinatlon witihh the character
of the roeckx znd the larze amount of concrete necessery to
tulld the deom, made the D site preferablq,

™ea river at the D site is fron adout 257 to 350 fcet
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nd the wolls rise so otecply that at an
elevition 450 fe.t abowe the river they =zre only from 550
to 450 fez3t apart, For a contiderable nort of thelr height
the wells are composed of endisits tuff hreecia, nreviouse
1y dcsecribed, overlain by flow breccla,

Cril ins ol =2ite D was undericken in Tentexler, 1522,
Cue to the fact that tie rociz 13 of volcanlce crizls, usuale-
1y lo:ked unon as re 2iring carefvl invectisaticn befcrz acce
ertance for a foundation for'a hi-h dan, 1t was decsirables to
cbhizin a high core recovery, To acco plish this a core 13/8
inches in diameter and double-tute core borrela renlaced the
sinzle-tubhe tyne,

Llthouzlr geolozienl examinaticns Indicated thet the
foundation rock ext ndsd %o a depih of at lecast 700 fezt be-
leow river levelj that 1t does rest on a layer of material
taroush whie!hh wrter under groet rressure might nassg and
that 1f thls nervious layer did exist the pascase of water

would be ~revented by a diaphragm of basalt across the can=-



you bclow the danm glte, 1t vwoeg thoult besin Lo vest the rock
Jerable deplize A hole weg thierciore drilleld on thig
Arizona sids, opn-oslte the center of iLi:e Lrse of the pro-
posed a-z, to & dupti of L7E fect (575 feet below low=vater
surface), “louty five per cent of tlie coxe wes recovered,

The hsole remelined inn Lreccla or compoct latlite cf endeclte

for the entire éisiance, The rock tor-ed "latite" or "sndese
ite" wo9g encountered seversl times, It isa saooth, dark red-
brevn reelr, simllier to the volecanic btreccla bul wilthout Lie
argular frz;rents, " here thie enhange from one rock to the other

occurs there 18 no definite j2int, The chance 1s rr-dnal, one

ecnllally tie sane rochk with e ¢cilfcreut distributlion of the

en~ular fra-nents, Taree commarstively soft strerls vere en-

~ -

countersd, one et daunth 305 feel, one ot 459 fect, and ce
et O75 fect., The Arill vater wee leost once when the hole rad
reocled & depth of 477 fant, but 1% 19 not known whether the
weteor was lost chove or bhelor water level in the river, A

crzat 201 of trouble weas exierienced toward the end on ac-

(6]
'3

cons of leel of nrosecr equlinrsent for so decp a hwwle, Tt was

necelsary L2 "oleez ont" with smaller drill rods whileh vipe
retel hadly, There vas dancer'of sticikzint the cdlarmond bit,
and aa tire additional inform~tlon to be obtaincd wes of a
nature to gatisfy curlosity rather than of practical value,
he hecle was dlscontinued,

e entlire arca ol foundetlon ol the larceast dam prop-
osed was dsveloned by drllling on 1liaze 2090 fect apart as
was done et Loulder Canyon, In addition, tihe sites of the

nroposed cofferd~ms for divertin: the river during conste
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ruction of the d=m were drillel,
Ls o usl proeitice 211 1holesg at tiie lower édam slte were

drilled into hHed rock £ar a dlstencs 2f L0 f:et, The records

O

chow that 100 mer cent of core wre recover:d froz several holes

ln

and that core recovery sel:on fell below S0 rer ceit, ihe foune
datlon rock wrs found to be the scre cndesitic tufl Lreccela
that an-~ecrs in the canyon walls at the Con slle, 4t times
Sionan of cora 3 and 4 fect were rocovered, In ong hole on
line T42) ond ine on LOI) comnzet latite or andesite without
anzular fra~oments was encountered, cinilar to tlst found in
the deep land hole, "riefly, the aril ing ~roved the foundste
1on to be excelient beyond doult, 12 voclt 1s rassive, sound,
end of a rerarizeble uniform charactoer,
e naviam denth Welowr low weler was founid Yo be 110 fert

for 470 foot betwe n lines =299 snd =227, iacrcarli- to 123,3

22t a2t line L=49) and 132,5 fecl at Li:e =500, Tlere 1s a
rolnt Juss above line J=L0) and anouler anear 1ias D=-509, where
some sliizhi wovenent uas an arently tolien rloce, Althouwh they
ar: eonrl oot s wi o nractical 1arortance e dom has been
rloaced ag to evcid them= thus the downstrcer toe of Lhe larg-
est Iam -rowoged fells sbout B fest downstreen from line D=400
°nd 1t i3 anssuned theat ot thils polat e moxlrmurn dznih is 125
feot,

In ~crerel the rivor chivnel is £il'23 Ulth fine sand

2nd silt to 8 dnpth of o 20 Lo T

03

fe t overliin: gravel
and small bouldera witl the excontion that 2t line b larce
beouldcrs, presurclly tho resull, ol o rocln g8llids Tromn the can-
von v ll, L ore encontberd, T&anlea Lol ot various tlies glie

o~

ow the ucteriel Lelow L. flne soend to be well sraded and silte
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elle feor vro in coacrcte, Sty T e mpecticenl value slnce
tlie motorlals excavotod for tue foundotlzn ay e storecl for
letor uze In conerecte,

conrlder-tion Wi givea to fi1710g the river Zorse Ly
Ylectlng fromi the crnyon naelle, but suech o plan wog o arnde
orz2d as i:mracticzl, Thers 1s with such an ideco a nractiezsl

ca2rtaliniy of excuos~lve sehilenent &id a resltins cenace Lo

[

trs arfety of toe St .1 a dam of vansrseedenied hih ond

lazr: wod2ie nd sovias in cost ehould "2 ztiemuted el the

e unyrecedsnted hel-ht of the »roncaed dom, rouhly
twlco thot of eny d-m hevetof>rs bulli, nece~sziteizs 2 cone
scrv-tive denirn, The concreie cravity d: i, bullt of Lono-
genesus moueriel end demending only on 1ts wallhi Lo resist
the viter prercure, rotier then uaetrtain stres es of thicek
archer, 1s tes! guited o tiis couditlon, Ior caniwenced safety
the dam ie b2 Le julilt An erch form but no dependenca s pla-
c~don Llie archilingy for stre-zti,

Coarofa)l conszideratlon ws

0

civen In the dezlizn o L.e cone
crats orovity dens to ealn's toeory versus Douvier’s Llieory
for celealn ting »res ures in the coner:ste, Toin's thecry sole

ves for neximun nres-ares pernendiculer tLo the fac-a cf the

dam, while ouvier's thinory solves for wrocsurcs norasl to the

resuitzsat of forcog.
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desisn purposes, The weil it of 143 nounds ner cublice fo-t will
effect a emall r duction in the required d=m sectlion,

"1t r ference to as-umntion (f), althoush unlift is re-
cosnized in the design, precaution acainst its occurrence 1is
teken by extenslive dralnace and groutins of btoth the found-
ati&n and the dam 1tself, with recultin- increzcse 1n dam str-
enzth, Further as to assumntion(f) the intent is that pres-ure
af elther end of the dam will e that corresnonding to the
height of the water above that point withh water st the top of
the dﬂﬁ et the upner end and at the low~-water level at the
lower end, This nressure has been presuned to be effective
over two-thirds of the area, the other one-third of the area
distributed uniformly from one end to the other of the damn,
wihich 18 assuned adecuately drained to prevent the formation
of pressures over one-third of its area,

7ith regard to assumntion(H), 1t an-ears that the stres-
seg were comnuted bty as uming a elice throuch the dam from
front to berek face 1 foot in thiiclness; that i1s, 1 foot thick
between narazllel planes throuh the scetion of the dam,., ‘Thils
amounts to essumins a grevity dam with a stralcht plan instead
of an arched plan end wiht such a straiéht nlan the pressure
of 40 tons per suuare fo:t would ©e attalined, In fact, howvever,
the nlan of the dam "2.ln7 ean arch, the stresses should enter
and leave the dam on radial lines will: the result that tle sire
esges ents 'l the dam et the upner end over a width of 1 foot
or more would be concentrated in thz lower end of the dam over
a wldth materlally less, tihe concentration denendin; on the
shortenin: of the redius, Cffsettin~ thils tendency toward inc-

rcane in stresses there 1s a shifting of the center of gravity

13,



tovard tlie unstrean toe by reaso n of greater thickness at
that »noint, If we now assume that all stresces of tihe arched
dan are carried by gravity only then the maximum stress at
the dowmstream toe, as éomputed by ‘'r. D. i Jakobéen who 18
as~ocilated with I'r, La’ue, et 68,197 tons n»er sduare fo-t. The
Governrzent en~inecrs have made a sirmlliar coxputatlon zrd
found 2 stress of 63,2 tons »ncr sausrs foot under the - 2
conditions, It is to Le borne in mind, however, that thls
rcsult could only be o:talned Af arch action wers euntiroly
destroyed, It is the bellef of the buiciu erginecrs, based
unon tihie results of careful aualyscs of other dems, that the
fears entertained by Lr, Jekobson re-ardin; the insfiect-
ivness of arch action are larcely without foundztion, The
“eymouth desicn in not considered as finel but vies sclected
from exierience as renresinting sufficlent yardage for a
fiﬁal c¢erirn in which the cuestion of stres-cs could be more
fully considcred,

Murther with roference to assumntion (1), althoush inve
estisctions indicste that the stres- at the tos, rer-erveir
full, ia materislly increa~cd by this reiuction of len-th if
the dom is considered &8s recsiscting the pres-ure by gravity
action alone, 1t 18 probtavle tiat the arch form adds seeurit;
in even ~reater proncrticn einc: the strcss can not exist
with-out first demeloping toth horizontal ani vortical arch
acticn,

In the event 811t accunulates in thie reservoir to the
top,{an event quite unlikely by rezscn of upctream stora-e

developtent) the foundatlon fresciure will be increzced matcre

1t

12,



1ally over that nroduced by . atler alone, The resultent of
presaures, however, will remain within the middle third of
the base et all hel-hts end the slidinc coefficient will be
les~ than that required to satisfy unlift escumntions,

211t end 'm1ift are not assured to act at the s me time.

Tor this and oth~r dams t:e cornuted ctrecses are acn

follows:
6
vl e S ax, ressuyes ex», in
can, hel -ht tons ner Bsq, ft.
in acre to road Ly rzin's theory,
fext, wvey in o with (it}
fezt, unlift wun= silt

or silt 1ift to
es, ton

full of
da,

‘ax. preg-ure U,%, face 4,000,790 749 41.3 8.6 19,2

" % " 4,000,000 70 3.7 9,6 45,6
“ax, slidins faetor. 34,070,770 T40 .51 .71 T4
Tax, pnressure U,3, face 20,779,070 649 4,4 3.1 9.1

" " Le3 M 20,007,004 T9.T 0 39.7 49,4
aX, slidin~ factor 20,077,070 649 52 W72 0BT
“ax. ‘reasure 'J,S,facc 10,770,077 523 2545 cmeecee---

" " 3. " 10,009,777 203 34,9 35,0 41,1
vaximun slidins factor 10,070,000 5203 51 .59 .61

The gection chesen for invertigetion wes tiie maxinum
that could exiet at the lover drm elte in "laocikz Canyon assum=
in: that bcd rock in the narrow tronceh 1= level,

'As a2 mater of fact, at the unstrezm hecl of tiae é-an the
rocx 1s 14 feet hirher thian st the downstrecn toc,

Cver the greater part of the foundeation arca the rocit 1is
at about elevation 609, 29 feet above the lowcst noint of

rock at the dowvmstream tos of the desm, Thus, there 18 only



& very 87el1l oo Utor of e o thnt 18 29 hi~h as es un-
e’ end if the foundatlon were egecuned &2 Leln- at eleve
etion )2 the maxlimum desl-n2d strers for Lie hi-hest dem
wouild net be in excess of about 35,7 Lons at the downstreazm
slie and 1t 18 bclievel that thls stress could be reduced
to %5 tons without ad’ing coilcrete Ly chieninz itr-e shape of
the downstrecm free slightly, Certalnly, the loads would be
distrivutcdto the side biunches in the riber channel in such
e wy as to roclleve the hil her stresses -t tae toé at the
decnest p&int in tlwe narrow trench, urtlernore, with add—
1tion2l worz cn tiie decizn thean 1s warrented in the »relim-
inrry desln, the stress could undouhtedly be made to iner-
e~se uniformly towerd tie Lottom rathor Phan as woried out
in this deci-n, ™e comnaratively hi-h stres~ at t:e unstream
ol Wt o rarcivolr ¢enuy 1s not of muen Imvort nce since
t e rerecrvedlr can never ve ennty=at least not Lelow river
level and proﬁably nect beslow tihe lower cet cof nermaznent oute
lets, |
e stresses due to silt ere hl hier than those due to
water alone, !lowever, the zssumntlon thet tie res-rvolr will

et sone 'ime be fllled to the ton with sl1lt is ratner ¢ ve

cme a .4 1t 1s questionalile 4f the =11t dep:sit wlll not relicve

tae pres-urce rother ulion incre sc them, Autioritles Zo nou
ECYCEe UO0n this point and exverimenis are not conclusive,

A study vwas made of t e effcet of vaer ins the ton width,
Peduclin; the width froz 50 t> 25 feet A1d not rosult in ap =
nreciztle savinT in concrete end for & dsm of the sire 1roe
pesed the wider top 1s b:ilieved to be more in Leepning with

othicy dimensions,

1,



A declgn and eotimate wos prepared of a dam at the
lower dam site in Elacik Canyon to develep a maxinum press-=
ure of 3) tons per stuare foot by Cain's theory., The concrete
required to bulld sucih a d:m would e about 25 ner cenl in ex-
cess o2 t at for a pres-ure of 4D tons per e~1cve foot, and
thz total estimated cost about 12 per cont nore, It might ve
pcs-~1ble to reduce tlle presaures and ti:e cost ¢of the dan thre
ou~a tiie uce of score sort of ollow or =crforated construction
In-tead of fol 'owinsy the ususl prectice iIn desirmnine g-avity

dezs, but it is question:ile 1f any "frcalk dcs

> e
3
3
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ep-roved wiasre tie inte;rity of llie structure i3 of such g eat
importaice,

In 211 cascs the estlmntcs assume that 1t will be neces-
sary to rc¢uove foundatlon wnd abutment rock to a denth of 10
fecet “o secure 2brolutely round rockx, It is »ronosed that
each dz:: b2 tullt cn a curve to best fit tlhe dam esite,

In the onroncsed lajocut of the den silte, if tle powc
nouse were moved upstrear to shorten tine nrecssure tuniels its
cost woull be matcrlally incrree-cd, and 1t would be located
et the base of tlie v:iry sbtecep canyon wall wierc rocks falling
from abive misht drmaze the machliner. as well as the bullding,
It w = also found that the saving in cost of the tunnels by

muoving the daan downstrean did not ofizet the increessed cost

of the dom due to 1ts greater volume,
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COUTTTRIICTION L AYIATALR

Tre estinated cement reculrorents 1o 4,022,032 barrels
for o r .cervolr of 34,007,797 acre=feet canacity and rroport-
lon2l ' less for sralier reservolrs, The Toutihiern Celifornia
and Ut2hi mil’s are very foverclbly located wilth ro nect to dis-
ence and ra2lil ecnnec*t i Lo the dom site & :d thclir combined
d=aily ez-zeluvy 13 about 29,970 bairels, cr 6,707,700 barrols
anzual y for 309 worlzdng dus per year, This is 53 ner ccent
in excess of the total ecrent requirements for Lz dan if
built in & single year,

The sand found alongg the river bhanlzs end in Lhe urzr
vorvions of tre river bed with ~prcloczinating rolin dlemst-
era of 0,271 t3 0,925 1inch 1z too firne fur cineral use 1n
conerete olher than to sun ly a nos-ible deflciticy of "fines"
in a nmtural or crushed seond, "hls soand contelns very little
orzanlic matter, reing {lnely broken and wora rock fra:ments
of creat varlety wiht auartz nrcdeminating, “he coarcer sand
and cravel found in the lower portion cf the river hed are
sultatle for comerete, anl 1t 1le »nronosed to store such mate
erial from the excovation for t he dom at Ilac!: (tnyon to Le
later ured for coneratie,

Concrate eorreate could e made by crushlan the rronit-
1¢ vroeks of Zovlder “ovmyon or the classy levas at Plack Can=-
yon, The "latlte"” at Ilack Canyon 1a very brit:le and cculd
rcadlly be mede into rant and gravel, but the process weuld
be corraritivel; evoensive,

o larice donosita of elean sond and srovel were located

in the iomedizte vicinity of eny of the dzm sltes, The cleuone



est dupoalts sre found in Callville "as’i,, but these are not

faverebly located with resocet te the Can slies, In Leseaway

“ashh are very lar;e dcnosits of sand and retler enjular [ ravel

cenvrining consideratle fine raitcerlal, [le mwost vronising de-

psalt lles sbout 3% miles fron the adont:d & site in Dlack

Caanyon sn tiie ro:te ¢f tle proposcld coactruction rallroad o

niz, of vericus notorials 19 thie vielinity of tis dom siiczs
wihiea in the Tisld enpnear Lo va 61ltalde for coicrete a7 rege
eLs ware teried bty tue urenu of Slander s, "Thie tests oliow
thet the Jesdnvay sond end srevel, althouih snmarently divey
rna forbldding in en-earznce, o the moot sulislie of eny of
tre motarials eubmitted for toet as Lo concrets ctrength,
worlebllity, nwil Iuratrility. Crushkin; tects of concrete cade
from the unvicelcd materinl, Just ss foun in the 1lit, gave
ne-rly the some stre olh as washwed reterial, and bettcr wWorke
ability, Tuenty-ciit doy tests of corerste crlinfers of this

materlel shovied everage © von 0 of Cves 1,000 noads poe gy,

irich for the more sultcile mixturcs, com;arin@ favorebly with
concrete concurrently nade wlith provon orevels feoxm the Vachs
ir~tom vielinity, The velsht ¢f Derenioy revel concrete averw
ased 14X pcunds per cuble £ ot esainst 145 -~cunds for ths
Tachin~ton cravel, Vith ertended research to determine the
hest ~rorortionins end nre-arstion of lerenwsy orevela cone
crets of the hiziest cuslity czan he exmected, It anrenr:
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that wraehins may be found necessary and that scrcenin: may
be lizlted to a simnle scmaretion ff te coarse azresates
from the fine, [There was some douht sbout the dirty f£ilmes
on the cr v=1, but microsccnlic cxarination showed these to
be calciun carbonate and iron oxide, both stable minerals,
end dispelled susniclon,

A 1lizht-weisght conercte without sacrifice of strensth
would be desirable in tihat its use would result in a sirelle
er dam egection and thercfore a less cost, nrovided the 1lig-
htwelzht concrete could be produced cheaply. & possitility
in thls direction lies in the use of crushed latite which
1s to be found at the adopied dam site in 3Black Canyon in a
very advantagéous position to be quarried cheanly, It 1s
brittle and could be crushed readily..lts aprarcnt specifie
cravity 1s about 2,27 and the weizht per cuble focot of cone
crete resulting in its use was found to be 131 pounds asea-
inst 143 pounds for the lieminway grevcl, The erushed agie-
regate 1s sharp, and when used alone, results in a harsh
mix of noor workability, The subsitution of fine river sand
for 25 ner cent of the crushed sani immreoved both the satr=
encth end workebllity of the concrete, It is beclleved, howeve
er, that the raving in concrete with the lightwelisht latite
would be more than offset by te adlltionalcost crusining asg-

recsote in comparison with liemenway grevels,



Diversion “orks

Tfalenced 72-1nch‘neéile valves were adonted because=
Firct: They ere marticularly edanted to worliing under high
headls,

Tecond: The discherge into o»en alr, whileclh avolds difficultiep
arisin, throuch the creation of vacuum around the contracted
Jet,

Mir’: The encr-y of the Jet 1s destroyed 1n the river chan-
nel whsre no dancse can recult,

souarth: resardless of the sta-e of water in tlie reservolr

tile valves are under cbservation and may be re-alred or re-
slaced at any tinme,

lie valve conduits are to be lined with s-omistceel to
nrevent the water In the conduits from exsriing unlift within
the dam,to transmit the comoressive forcea inthe dam and to
reslat the wear and tear of silt which will in time be care
rled thrcu:-h tie dam,

Tachi condait 1s provided with a 5 by 9 foot hydraulioc-
onerated emer—ency slide gote near tiie unstream end operate=
ed from a gallery in the dam,

Tresh roclzs have been provided on tl:e upstream fzce of
the doa with provision for mechanleal relzin:,

e trash rack plers contain two grcoves to gulde bulke-
hecds to position in case 1t Ttcocomes neccssary to do some
renalr work in the condult unstrean from the erergency gate

before the water in the reservoir iz drawn dowm, & iLravele

in~ erene on to» of the dam will hantle needle valves,~trash
raclks, and bullkheads,

The mavimun irrication demecnd 1s ze-u~cd as 30,000



27,

sccond-feet, In casc of the dam to store 27,777,77) ecre=-
feet, the outlet worlia will onerate ar folloue,
(a) The lower set of valves Lozla dlsehacr:ing with 2,009,
029 acre-fect 1n the recervolr,
(1») 7ith 5,777,990 ecre~feet in the recervolr tlie dlscharge
is 30,000 eecond-feet.
(e¢) The un-er set berins diechc: "in~ &t the time the lower
get ie carryins 26,000'second-feet.
(a) T-e vn-er sct with full reservelr will diescharce 33,000
second=feet under e hezd of 2799 fect,
(e) moth sets w'll dlscharze £5,279 second-fcet with water
surfoce standin, ¢t t2o> of nara-ets, axirun head 315 feet.
In the ectimates it has becn as-curel that ell necdle valves
for any one dam are of the same desi~n, elthoush the heads
on the two tlers cre 4diffcrent in order that they may be
interchensesble in an ener<e:cy,

The only excus2 for oneretins velves in tlie hicher dam
under heads sreater {-n 275 feet would be:
(é) It mizht be desired to discharzz ti:e 49,970 second-feet
flosd=-control weter before the water surface in the reser-
voir reached thz botton of the 5,070,070 acre=foot flocd-
control storase reserve, in wilch cnse the lover set would
be required to onerate under a head of 255 feet, Tith water
surface above this lev:l the un—er vzlves alone would pass
the 41,990 szcond-feet,
(b) At very lonz intervals of time it micht be neceseary to

onerate the lower set of valves under heads as creat as 415
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fect to prevent weter overtop-in~: the narapets on the danm,
TCven thiis head is not considered excessive for enercency use
durin: a short =eriod,

The outlets at river levcl are not & nart of the pere
manent outlet works as they are to be "nlugred" when their
usefulnens lias ceased. Thelr function is to carry tae low=
water flow of tre river during the tine the diversion tun-
nels are belnz closed and until the wster surfecs in the res-
ervolr is ralsed to the lower sect of valves,

In the event a power housc 1s buillt as a part of ths
develo-ment a larse part of the irrication requirement, and
at timces all of it, would »ass throuch the power house thus
relieving t ¢ outlet wor'zs, "ith the outlets nrovided it 1s
vossible that overtoppon; may occur at verrs long Intervals-
perians once in 520 years if it 1s att-mpnted to control the
flood to 49,97 second-fecet, Overton-inz could be nrevented
by oveninz the gates to dischcrse ¢t the rate of about 30,-
200 second-fect at a time when 1t boccomes ecident that over-
ton ing would otherwlse oceur,

“-11lwey

“tudles of various tynes of erillways were made, In
one the discharge wes carriecd downwerd into the tuniels
used for dicertins the river duein~ construction of the dam,
In anothier the dlscharce vias earried at hirh velocity in
lar~e tunnels throush the point of rocii on the ZLrlzona side
and dronped over the cliff downstrecan from the Jam, In anoth-
er the dlscherge was carrled at commarativ:ly slow veloclty

throuch the ridcse east of the dam site and drop-ed into a



wash, enterins the river about 1% miles by river below the
dem site,

In the case of the concrete d2ms the nlan of carrying
the abnormal flo:ds cccurrin; at very long intervals over
the drm wes adonted as being tie most econonleal end the
safest ~anier in whieh to heandle the discliarce, As was
consldered in makin~ the computations for the dam, the des-
ign allows for viater to pass over the central portlon with
the wator surfrce In the reservolr standinz 21 feet ahove
the roadwny with the resultent forqzs falling within the
midlle third of the ceritic=1 roint,

To keen the possible overflow from strilting the abute
ments of the dam the latter has been ralscd at eaci end 25
feet sbove the roadwey,

The flow will be at risht an’les to the crest towerd
the center of curvature, &4ny overtonning would be of short
duration and thc only daraze anticipated would be the poss-
1ble brealins o f of the parapets, Tihls, howoever, night re-
enlt in a sudden increase in Tlow dowvnstrean and defeat to
a certalin extent the flod-control,

There was en article publisiiel in the T ~ineering lews

vord oelatin that there 1s a moverent to increase the
hei: "t 25 feet therc-bty making 1u more effec ive in flooud-

control,

22,
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“iversion worlis,

In declecning the preposed dilvernion vworls the fiow of
tihe Colorsdln Niver at Yume between the yecrs 1202 end 1923
wrg vueed es & basis for calculatinT probable dilscharces at
Poulder cr Zleclk Canrycn,

™e reletlive peslr dlscherge ot points wilicly separsted
o1 the river domends unon the mesnitude and cduration of the
f10-3. Tarce flo~ds hwild up credusl’y and care "ironed out"
by the effect of channel stornse »ronortionclly less than

are the "Ilacnr flo:-ds"

orizineting in strez-s like tle San
Juan, Little Coleraleo, enl ¥irzin, The impendins doncer of
leslng cofferdsmg will be éue to the flashy flosds which
ere ant to occur gt any time during ti:e worlzing scescn,

/8 an cxanle of the ebsorbing rover of thiz river chene
n2l the flo 4 of Tctober, 1911 was sited, The dlscharge et
Yume eullenly rose from 8,700 to 69,020 foot-sccond, 2,070
secont=fet of whileh came from the Glla and tiie remainder
principally from the fan Juun end Tolores Tivers, At Ship
Roer,tl, Texico (about 325 miles above Te=s Ferry), the dis-
cherce of the Tan Juan Tiver wea estivetled to be 150,0M
pceond-feet, Assumin- thet the Tan Junn end Tolores neaks
31d rot coinecile thle peclz dlachierse of? ), 02 ccecond=feet
at Yuma hed dininiched to 53,007 second=22t or et the aver-
¢re rate ol ctout 100 second~fecet per mile, Upon this basls
the dischierce at Lecs Forry 18 essued to have been about
117,070 second-feet and ot Zoulldcor Canyon about 20,000 sec-

ond=feet,
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uring tae years in whilceh records were telzen on stream
flow the following glves some idea of the vorlzing secsons
nd the quantitises of flov that wouvld heve had to tenn teken
care of by divereslion woriza, The dlscharges excecded 75,020
sceccnd-feet a total of nine times in the 19 seasons aftcr
weork would prolably ave been started, The f£flo.d of “ent,
1723, which 1s cstimeted to have been close to 109,070 s8€C.=
ft. at 2oulder Canyon, would have overto-ncd the cofferdams,
Orly four of trese overtopnings would h~ave been serious,
sinca in other instances work woull. not heave been fer adve
anc:d, Te¢ serious floirds would have occurrcd as follows:
Cctober, 1911,esti ated neelk, 52,0003 work advenced 2% mo,
lerch, 1213, estimated neak, 3 ,7000; wor: advainced €% mo,
Fetruary, 1927, estl-ated nezk, 96,0203 wk, adv. 7 3/4 mo.
Zent,, 1923,zstimated »neak, 100,020 vk, aav, 2 months,
In the ceason 1909=10 conditions werc extrerely severe, &and
even with diverslon worls of 75,020 second=-fcet capacity

N}

orly T% months wouvld Ywve ':cen evailable for comrpleting the
sesgors work,

The g&n-reciable lonzer workinz scz2son and lessened dan=
cer from overton ‘Anz justifies the construction of temporary
diversicn works having a cepaclity of 199,990 second-feet
gince the less of & cofierdsm aftor the werk wes well under
wey would undouttedly defer the corrleticon of the danm et
least & yecr,

Temnorary dlversicn of
100,000 eecond=-feet 1e amccompl-

ished by meens of tlhree concrete-lined tuniels at 130-foot

31.



centers on the lleveda side of the river, and rock-earth

fi111 cofferdzrs, Lite tumiels to be leter usad for povicr
’

Tetirates of tuniels ¢l varying sirs and tae ncces-
sary coffordimes for ensch size indle-ted that a combinetion
utiliring 32=fo-t 2I:cter Luaiels was the most eeconomleal,
Wit cince tunnels 25 feet 1n dlameter vwer: hest sulted to

the roculrements of Hower develomnent this slze was adopted

rt very little zreatzr cost, The largeet tumnels Jjustified

&3

y oLner conditions cre desliraizle to effectively pass the
ler-e guentities of arift and detris carried by the Colorado
River, That pertion cf thic tunnels vsced later for pouer pur-
noses 1s 1lined wits 1:2:4 zorerzte with -n everage thickness
of 27 inches, It 1s pronosed to mrout betwesn the concrete
and rock under a nrescurs slishitly in =xcese ¢f the prescure
to which the tunnels will L2 subjectsd in oneration as pen-
stoc s,

T2 rortione ¢f the tuniels not uscd as nenstocks are
lized with 1:2%:E5 coaercste having an averase thickness of
18 1inches, tho least thous:t to ve rracztlcable, High rock
points would te ncruitted to extend to within 6 inches of
the face of the concrete.

£1thouh borsechoe tunnels would Le Tore easlly dus,
on account of the flatter bottom, cilrculs-r tunnels were
edonted for the renscn that they cr: better adanted to dlse
tributinz uniforrly thc creat rrca-ures to wiilch they will

be sublected under full reserveir heal,

“2.
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It 18 »roposed to drive eand line all tunnels complete
before the rock-fill cof’erdans ere started, All tunnels may
be driven simultancourely from btoth ends, the muck being rem-

"ouck tunnels" st esch end, constructed on a

oved tihwrough
grede of stout 5 rer eznt from the invert of the large tune
nels to a nclat ebove high weter, The uc’: tunnels, crosse
inzg 211 diversion tunncls below low-water surfsce in the
river and with exits sbove hizh water, would permit the ériv-
in~ of the diverslon tunncls regardless of the sto;;e of the
river, The 1inlet and outlet ends of the diversion tunnels
willl hrve to be comnleted behind cofforiems during low woter,

It 13 proposed to use rock-rill cofferdroms to turn the
river, as they en=we~r to he the most »rocticrble tyne for
the situation, having been suecccssfully hsed at other rointe
on tie river and exclusively in rceent years in closing
breclis on te lowcr river,

Test holes wer:e nmut down on the sltes of the tenperary
cofferders, the loceation ¢f the lines & llled telng bascd
u»on the assumption thet a percolation factor c¢f 6 would be
sufficlient for the gravelly neterlal in the river bed below

he flne =:nd, The results of the investlsetions cro favore
able for such requirc:ents,

Cn the othcr and in order to liucure the szfety of the
roclk=-fi1ll cofferdeme, they must rect unon 2 tetter found-
ation then 1s offeréd by the rcand ent silt in the river bed,
It 13 velicved that zrect floods scour out the chiannel fil-
1ling clear to bedroek whille ordlinory flozds probably scour

out the sznd and sillt dowvn to the more stable grevel and

boulders.



It 18 propos=d to start dumplins larse roeck ortained
from tl:2 crnyon walls 2t the coff-rdzm sltes from cable-
ways spannin: the site es soon as tie flood wezins to recede
in July, the 2iverslon tunnels having been cemnleted before
the spring flo-d, It 1s assumed that at this time the river
chantel will be scourel out to st lecst elevation 629, pere
hens 2-cner under the lover cofferdom, rhe rociks first drop-
ned would he as large a8 would be nracticable to handle,
Some of these rocks.would be ecarried downstresm beyond the
1i-4ts of tie coffcrdam sectlion, mut at somne stege a port
of themn would herin to "iang" within the scetion, £t this
point smaller rock would be dronned sinulteneously wiileh
would Yz causht by the larser roels and held within the int-
erstices, /8 the flood receded more rocis would stay in place,
The estinntes assume'that 25 »er ccont ¢f the rock dropned
would be carried away, urin~ the rocz placin: »rocess the
diversion tunnels would be discharzins at full canacity, &nd
to reluce the head on the cofferdams these would be built
sinulteneously, the lower one buing kent helf zg hish as the
unner ono,

‘ue to the veloelty of the overflowin; water, the low-
er silde of the rochk=fill -ay trlze 2 rlon2 ac flat «s 1 on 4
or 5 enl by the time the rock fill is ralsed sufficlently
higﬁ to turn tho entlire flow throush the tunncls, a blanket
of s2nd and s81lt willl, no dsunt, hove dernonited on the upper
slope to annroximately normel river bod level, "xneriments
at “oulder Tanyon have demonstrated thls raterial to be

very tisht if undisturied, Avove the ton cf t-e scnd, end

34,
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to the too of the rock {111, 2n earth bla ket will be nla=-
ced on the warcr gide, metericl for wilelr moy be ontained
from ienenwey "ash,

Tor additlionel esafety the channzl exccvetion for the
maln dem not sulteble for maklins conerste mey e dumped on
the woter side cf the cofferdans,

The arcuments in favor of usin~ rocl:=f11l cofferdams
conctructed cs nrovosed, are es follows:

(a) The rrocess and n-e.ssary eqilnmont is not comnlicated,
(b) If the £111 1s ploced durins the recesslon of the flood,
tiie rock will be denosited on a bottom &g established by the
flo»d whlch 1s uncucstionz:ly nuch riore stable tiian the nor-
nal river bed at low weter,

(e) & £111 bwilt an here plonned will effcet a saving of time
of emproxim-tely tvo months for otlhier work since if built
fron trestles, or 17 e tyre is bullt rocuirias calssons,
»1l:z8, cribs, ete., construction could not be underteken un-
t11 about the 1l-t, of "ontenrber or until the return of low
water in th» river,

(d) The roeck-fill tyne »lzez? ty e~blewsys is particularly
acdapted to fishting ¥louds, Any trype roculring the bullding
of trestles ecross the river would be in i=ninent danger of
being destroyed by the flash floosds which mey occur at any
time, T.oss of a cofferdam during 1ts construction misht
result in a year's delay in comnlating thie main dem,

(e) If the rock f1ll were bullt at low water stase, its
faundation would be such that a blowout of the s=nd on

which it rested would be apt to occur under the herd to



which it would L sublected,

(£) 1th the eshleways left in »nlace over the crect of the
cofferdrm it co:1d be roiced ro-idly AT endengerad by flosd
end 1f tie rock £il1l ¢ —rlinlly or entirely lost, it could
be renlaced witiout Levirs to walt to rehulild trectles,
drive niles, etec,

DTehind the temperary cofferdacms 1t 15 nropesed to bulld
rortions of the ur~tream and downstreoan frecs ¢f the dam to
tl¢ relsht uecescery to permenently divert the river, The
work to %e reeomnlisied in brincing the whele d-m up to the
elev-otion of the river would be catlrsly too grect to te
accormlirhad betwean seracnel flods, "ith the river pere
Tonently dlverted, exeavotion of tie foundatlon gnd pour-
Ing 27 the conerecte kctieen Yz perzenent coffcrdams cculd
srocoed withiout undue haste,

fermaenent cofferduint to forece 227,072 cecond=-fest
thirons the diver:sion twnels were glven conslierction tut
te deslign waa not consldercd practiceble ani, noreover
a flood of that prorortisn 1se only oc-urrcd once in the 20
year period of recorl- In 1222« when thie dlachiorze at XYuma
vas sheut 279,007 second-feet, i'or ti:e rer inent cofferdoms

he diversion canacity is calculatel to be 125,770 scecond=-
feet in cose of the long tun-els dischorains below the
pover hcuge and 184,000 second=feet Af ths chorter tunnels
arz usedesufficient to nas~ ordincr: {lccis, The cofferdars.

misht be overtonred in a hi-h year, hut no dazmase could res-

ult beyond fillins the :ole with s~ni, or rorcidbly ~rovel,

It 18 nronoced to first b:3ild a ~rotion of the grovity

36.
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gsection zt the unrctrean =ilds of t'iz 2an on e=ch bench,

leavin~ a zan about 187 fest wile over tle desn trench, The
rock excavatlon on tliic benciies would bz u der way whille the

loose mrtoriel in tho desp trenel: wae bLoing excaveted and
e pouring of concrote would be ctarted a2t the earlliest
poscin monent,

In order to reducc the im cilat-l, ne:zdad cxcavatlon
and concrete quantities across tie dcon trenell tc a mine
imum, 2 thin arch with short rz2dlus has been de~l-ncd for
the coffcrda-, .he grevity secticons heve sufficient =zce-
timm to keep the tanzgenticl thrust of L e erelr vell with-
1n the mldile of the scetlion., Toth the ~rovity 2nd arch
scctiong would te step-el and dsv-talleld onthas down-
etrezn gide and steel hars, or ralls, would b2 1
i1~ to sccure a £o20d bend vith the conerete to be let r
adled,

The lover permanent coffe.das 19 deolisred &8 a gravity
dom to teke wator rregours fron eltler cil'c, Ibn construetion
wculd be carried on simultancously with thiat ¢f the upper
cofferdam, The prodblemn here 1s less cifficult and there 1is
less conerete tc be pleced, There 1s a postibillty that the
lovicr cofferdem may nct be necded, dsnending on conditlions
fourd wihen thec dam slte 1s unwetered, If the lem’izz2 through
the rocli=fill coffzriam 2nd the unesrlying rravel and bould-
ers cen be handled at a reascnable cﬁnense and it an-ears
feacable to comnlete the permanent unmer cofferdan on sche
edule, then the temperary lewer rock=-£111 couldl b2 raifed

to the necesrary clevation.to avoild overte» ing by the



spring flo>3, anl the pormanent coffercdarn dlsrenced with,
Cn the othrr hrand, if the -ermencat unrer coiferdan can
cnl;y he eomnlctzl to rivoer grele, or a 1itilce above, 1t
wenld he wetter to bHulld the peruiancns losair cofferdanm
than to tele a crance of locing the lovwcr voeli-f1ll dam
durin; te flo d, “ince the addltional zxnengse of tulld-
ivz the wnermencznt leower coffsrdam is emell, 1t is nrob-
avle thet it gh0:14 be tullt, The only oblection to it
i1s the fact that it intrcduces what msy be conslicred a
;ine cf vwerliness in the comdleted day wlhera the stresses
are hi-h, However, in the dcsicn, en effort l'zs been made
to mini~ize thls f8alt by rmakling e rencrel cirection of
e Joint nornmel to the directlon of rrens:rea, The une
gtream face would he dovetell ord steel ¢r-uds" wonld le
lcft nrojcetinz as in erase of tle upoer dem,

1we eriticzl time in the congstriction noriod s that
during vhich the perianent coiferderns cre bheing bullt,

It will, in en crdirery searon, te necocdsry, in sbout
elot or nine meonths' timc, to build the coffsrdarts, and
place te conecrcte to et leczst lov-wot:z:r surfzee, The cuble

off trenen in the foundztion hwes teen zlzecd jist dovine
strezm from the porrmanent up-er cofferdcm ¢a a tinmesover,
with the troner et the urstrean slle of thz lom, con-
struction of the porusient cofferdnn would be delayed
leticn of thz trench excavabion,
Zoen it ig deslred te begin storing evator In the rese
crvolr the divercion tunni2ls will be »nlusred near the roge

ervolr end with concrete and the river dlacharge car:ied
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by the ccondults throush the concrete dems et about river

~rede, After the tunnel plugs have been placed the lower ' "'

tlér of outlets without gates will be plusgged withh cone
crete beiind a ball to be placed at the upsiream end and
a low ccfifcrdom bullt on the dem at the lower cnd, the
water in tie meontlme beins controlled ty the outlets
provided with getes, After water level reocchies the higher
velves the conduits at river level are to be permanently

nlug-ed with concrete,
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CCN"TRICTION PL'N

It 18 assumed that all construction maschinery at the
dam site will be electrically operated, Due to the masni=-
tude of the work it 1s as-umed that the construction rail-
rcad to the dam site and the plent for furnishing power
will be bullt before work at the dam site 1s undertaken,
the latter either at Las Veras or the dam site, depending
upon whether it would be more economical to transport fuel
or transport power, Durinz the construction of the rallroad
end povier plant a construction c-i>v wo:1d be bullt at the
dam site, including housin; fzcilities, shops, water sup=-
ply, etec,

From the detalled studles of various construction
plcnts i1t ep-ears that a cableway plant is best adapted for
use at the proposed dam site, T!:e cableway;ys would 3pan the
canyon in positions to handle both the excavation and conc-
rete, Cableways used to bulld tie rock«fill cofferdams would
efter thelr completion, be moved to new positions over the
nain dam, Nine cableways are pronosed, each carmable of hand=-
ling a 12-ton rock or five cublc yards of concrete each trip,

The first work to be done 1s the driving of the three
ﬁiversion tunnels, involving arout 15,520 lineer feet of 38
to 40 feet dlameter tunnel znd linins them with concrete,
Electric shovels and muck trains would probably be used, t .e
shovels diz-in~ themselves in at bothr ends of ezch tunnel
through the muck tunnel described under the hendin; "diver-
sion works, with its portal above hish-water surface, The

larce tunnels would not be "blown throush” at either end
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until tlhie concrcte linin- had been comnleted,since other=
wise work could not be corried on durln- hi-i1 water, LXce
evaetion would be started durin: low vieter so that the six
shovols could be taken to the tuininel portals on berges, To
cet the shovels froam the railroad at elevation 1,375 to tue
bcr-es, csbleweys llos, 1 and 2 would be used, Tliese two cab-
lecways and the rallroad trestle under ti:em would be the
first eculpment installed at the dam site, The lonsest tun=
nel has a length of 5,700 fe-t, If it 1s assuned that work
would be carried thiree shifts per day for six dzoys a week,
with an averace dally prosregs of 15 linear feet, 1t would
requlire about 15 monthis to complete excsvetion, Concrcte
lining would follow the excavatlion closely, Therefore 1f
work were started in December 1t should be completed b, ine
middle of the second i'arch, prior to tle becinning of the
sprinzy flocd, Upon completion of the dilversion tunnels the
shovels would b= moved to0 the rock quarries to furnish rock
for the temporary cofferdans,

During construction of the dliversion tuniels the camp
would have been completed; three cableways would have been
erected over each rock-fill cofferdam; cableway 0,9 would
have hieen erected over the lower vermanent cofferdamj and
the auarries above the rock=-fill cofierdams would have
becn opened up, Liversion capecity has be~n enlarzed from
107,072 to 200,000 second=fect, in accordance with a spece
1al en-ineerin- boards report,

L8 stated under ". iversion works" tlhe rockeflll coffcre
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dams would be started as soon as the flo-d bcran to recede,
probakly in July. The up er cofferdem is much the larger
and would require the lonzer time in hulldingc, requiring
620,000 cublc yards of loose rock, including the 25 per

cent assumed to te swept away, The material will be handle
ed in 8 by 2% fo-t skivps, the loaded skips weilrhing from 8
to 8% tons. The sZips would be filled by the electric shove
els, with some hand work, end taken to the cableweys on flat
ccrs, The skins would be dumned auntomatically without lower-
ins down into tle canyon, permitting hish speed and larce
~outnut, The cquarry equinment to malntain the pace set by ti e
cableways would haye to be efficient, 7ork would be eca:rried
on in three shifts per day without interruntlon, at least
until the river had been turned. The crest of the £111 would
be kept level in order to avold concentratedl flow at any one

" esch successive

voint, Allowing 30 seconds for "hooking
skip, each cecbleway should averagse 3D trins per hour. Cn
8imiliar work of this kind these sltiips rversced 4,3 cuble
yards of lo:se material per load. Assuming this as a basis
of computations each cableway would handle 123 yards per
hour or 3,100 yards ver day., Threce cableways would nlace
about 2,770 yards rer day, and it would reoulre 69 deys to
comnlete the cofferdam or conservatively three montas, Ry
the midile of Cctober thcerafore the rock fill should be
completed, The f£ill would be madse witcecr-tizsht by placling
sand and gravel from Hemenway "‘ash on the upstream face,

The river slhould be turned at lezst by the middle of

September, at whiech time the f111 then in plaece could be



nmade victer-tizht so that unveterinzs of tlie dom slte could
be stuert:d, The lower coffcrdam would have heen completed
and calleways l'cs, 7 and 8 moved to positions 7" and 87
over ti:e lower permanent cofferdan, /8 socn ag tae site vas
unvictered, excovation of tiie river bed would be started at
botli permanent cofferdans-probably about cctolter 1,

The lo:se excavatlion for the lower p-rrencnt coffcrdam
18 the greater and zamounts to 347,770 cubtlc yards, lLovever,
tiie time eleuent 18 morc 1mportent in <sse of the upn-er
perzancent coflerdan wherc thcre are 123,07 cublc yardés to
be removed, Iy Cctoler 1, cablcway ilo, 3 could have been
r:moved to position 3.7 leoav .y Yo, 4A and 5. to finish the
up 'er rock fill cofferdam. There would thus be three cable-
woys comranding each perranent cofferdan slte,

lectric shovels or dragline excovators would be used
in the hole to load the seame skips that were used in build-
in: the rock-fill cofferdn-s, The skips would averace 4,3
yerds ver trin, Allowin:; 30 seconds for "hockinz, ecch cob-
leway could make 13 trins per hour, '11fting out of the hole
and dumping into a "dirt trap" at the top of the canyon,
“ork would be carrled on continuously for 24 hours a d:y,
Tach cableway would hendle 556 yards per hour or 1,340 yards
pe- dzy, and three cableways would handle 4,000 yards per
day, At this rate the excavation would rcculre 47 days or
conservatively 2 months, By December 1, thercfore, the ex-
cevation of loose material at the up-er site should be fine
isheu, “orl: of preparin; the foundation would take another

month and it would be the 1lst of Janu-ry before concreting
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could be started, fLxcavated material sultsble for use, in
concrste would be stored in the s»niliway besin under cable=-
weys Nos, 1,2 and 3 I.

There are 150,790 yards of concrcte inthe upper per=
manent cofferdam and £5,07°0 in the lover, “y Cecem’er 1, the
concrete mixing plant would have becn completed and the grae
vel pit in Hemenway “ash would have been opened up, the cho=-
vels used in the diversion tunnels, auarries, &nd dam exce
evatlions, havin: hecen moved to the gravel pilt, Concrcte hu-
ckets would be of the botton-dunninz type with capacity of
5 cublec yards per trin, It is egsumed that concrete would
be placcd on two shifts mer day only, the third ehift beling
devoted to cleaninzg upn and lkecpin: the Job going, Each cabe
leway could make 13 trins per hcur allowin- 30 seconds for
hooking trips, Taech cableway could place €5 yaris per hour
or 2bout 1,070 yards per dey, Cne cableway would be resere
ved for gene el service, leavins two outfits to place 2,070
yards ner dsy. If this rate could be maintalned it would re-
quire 75 days, or until larch 15, to finlsh tihe work, If
concrete were placed at helf the rate assuned, the coffer-
dam could still be finished Ty the end of ay in time to
turn the seasonal flood which does not usually occur until
late in June,

Cne of the characteristics of the Colorsdo is its tene
dency toward flashy floocds of comparatively smell volume,
Althoush of small volume and short duration th:y cause a

creat deel of anxlety and would be a sourse of great dan-



ger. The river may rise from 10 to 15 feat in a few hours

2t ~ost eny time durin- the workin- senson, Turins such a
tine the temporary rock-fill coffcordarms would be in d ne

cer 224 in order to be 1In & position to combat the f'ood

two cebleways weuld e left in position over the uprer

roe’ =111 snd one over the lower £111 until the nerman-

ent cofferdans have beon comnlcted, After tiet they would be
moved to thelr new positions over the maoln drm,

It ap ezrs thet the work of divertins the river can be
a2ccomplished In the time avialelrl: and certainly the pere
menent cofferdors 6ou1d e ¢t le~st be brought up to river
level from wheres they could be comnletzd after hich water
without re®ulldins temporary coflericms, I'réd2 the tlme con-
struction of thec rallwzy 1s started untll the ~erwanent cof=-
ferdans arc finished will he at least 20 montls, allowing 3
montis to build the railroad,

Lny diversion scheme wlilch does not contemplate bullde
insy the p rmanent coflerd-ms in one low-water poriod will
be a very expensive one, since 1t will involve the part-
1al of total lose of both temnorary cofferdarns and thelr re-
placenent, and the excuvatlion of the river-bed meateriel at
the dom site for ti:e second time-at least down to the un-
completed structure, “"hile the monetery loss would not be
esneclally serious, the loss of tirne, necessary shutdown,
end the demoralizing of the or-anizatlon would heve a ser=
lous effect upon the worlk,

Tith the perranent cofferdams successifully completed
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the conctruction of the dam would be a comnaratively casy
matter and would r~solve 1itsclf, move or less, Into the deve
elopnent of a plant to mut coner-te into the den at the
cre - t:at practicoble sne d and at the leect nossitle cost
compareble with goeod quallity,

Txcavntion of the remeining lo se material beticen the
finished cofferdorns and work of prenaring tihie foundotion
rock would te teolten un im edlately, Ty the time this werk
was done the he=t of the sum-er would slow up operatlions
end concretins cn a larce scale vou'd not te sterted until
anout September 1, thre: years efter be~innin~ ednstruction
of tihe rallroed, | -

The vnalume of conerete in t he ds~, excluslve of that
in ap~urtenent structurcs, 1s estimated to be 3,559,070
cutlc yards, 2scuninz 259 workins deys per serson and an
averace dally fate of prosrcecss of 3,572 cuble yards, it
would require 4 years to place the concrcte, As the dom 1is
reliscd the area over whlehh concrete can ‘e placcd becomnes
less, a0 that in order to maintain the cverrzc rate of pro-
groas 1t may be necessary to nlacc concrete in the lower
portion of the dam at twice thc averace rate., “ork would be
carried on for three sh:ifts per day, “ut onc shift would be
neces-arlly be devoted to repalrinz eculnment and getting
the work cleaned un in oricr that concreting ontiic otlxr
two enifts may not e dclayed.

The maxirtum rate ¢t which ¢ nerate would be placed iam

estirated t> be 3,590 cuble ysris per shift of 3 hours,
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which emounts to 423 vards per hour end, considoping loeds
of 5 yerds, t:e reauir-mente of cablewsy cervics are £7%

trins ~er hour, The czblecways proposed averzae 13 trims

Q

ner hour zreh, corryins conercte the 2vers-o: 2iztance end
lowerin- to the everare dzpth of t'e lover tuwo-tllrds of
the conerate in the dom, Thus 1% willl requlre seven cable-
vayn to do the worlk, However, nine crtlews; s arce provosed
rartly on a2c-ount cf ad ante~edng spzcin: of callevays over
the werk and partly on zccount of the fact that some of tiese
cableways will be used for handling forms and miscellaneous
materlal, The total time beln: T yezxrs aficsr starting,

The plant nronosad for hilding the dam is very sinple
and 1s one which should rerfors the work at 2 minimin cost,
It is »roroszd t2 locat: the mixing nlant on the rim of the
cenyon in a position to be under tiie czhlavays bubt above
the tcn of tle completed d2m 8o that the conerzie mey he
hrndled by crevity. The mixins plent would Le deslcned to
rroduce 3,577 cuticec yarde ner G=-hour °¥ift cr et the rate
of 7.3 cubtic pyz2ris per minute..lf 2%-rard mizers vere 2do=-
nted lt‘would reculre a tottoery of flve mixers wita »nrob-

ehly a epars mixer to insurc the avzitabillty of five at all

ti-es, The mixer would e set vnler ti2 meterial hins and

¢

vould du~r Iil2 homers holldin: st lesst 2 batehes, The
ablewayd skins would be carried to the ri:ias mlond on
flzt cars runnin~ on tracis under aIL iz eavlounys,
The ccment, eand, crovel, aind cobbles would e Trousat
in on the rallroad Hidlt over the mat rial Tins aud dumed
directly into the bins, For ezch yer® ol concrate l.4% culile

vards of matsrial exclusive of ccuent cr: roaculired, or for



the congstruetion of the dam 5,172,770 euble yerdc, If 30-
yoerd dun~ eorg ere uted it will rocuire 171,709 cerloade
of ~ntorisl fror the grovel nits "% miles evay. Treins will
operete threc shift= a dey so thet when runs cf 7,070 ;2rds
ner doy are bein: made at the dam **5 enrlesds of material
w11l te renuired st the rste of 14 cars rer rour continue
ously, In oper-tion & 7 cer train would »robszbly be brousht
from the switching yards to the mixins plent every half hour,
Two rscinroceting locomotives with one srerzs cculd pro-
bebly handle the trains between te srav:l nit and the svlte
chinz yard, Three gearczd engines with a s»2re could handle
the c:rs fron the switching yard to tre mixinr plant, Two
switch'engines would be reculred in the yards, 4 large nune
bar of gcrovel cora would be required not only to insure
flovinhility in oreration but to proviide live ctorase in
corg in ﬁhe awvitchin: yarda where they could he drawn upon

in cose of an accldent on the reilroad,
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UNIT COTT3
In July, 1923 letters were written to several large
manufacturers of cement requestins suotations on gement
ehip ed in bulk in very larse quantities to be used in

estin-ting purrcses, The following quotations were rece-

lved: Per
Bbl,

ilonolith l'ortland cemnent Co,, Colton, Calif, 32450
Colton Cortland Cement Co., Colton, Calif, 2.30
Cash 10 days 2425

Osden Portland Cement Co,, Crden, Utah 2,10

Southwestern Portland Cement Co,,Yictoria, Calif, 2,00

Colorado Tortlend Cement Co., Tortland, Coln, 2,9
Cesh 10 days 1,90

Kiverside Tortland Cement Co,, Rliverside, Celif, 2,00

Thie as~ured costs are as follows:

teosumed cost of cement at mill 12,00

Freizht Liverside Lo Cearchlignht, 3827 1lbs, at 23%

per hundred-weizht .38

Freight Riverside to dam sitc,43 miles at 1%

per ton-mile, o 14

Storezse and rehandling et mixing plant «10
Total estimated cost in bins at plant 312

Rogk_in temograry rogk=fill cofferdan
Sourse of material, rock in the canyon walls at the

cefferdam esites,

Ter Cu.
~uarrying and loadinzg into skips on cars: . Yda.
BS&%lﬁ?% iﬂglgaﬁﬁﬁlﬁérricks,shovels cnd 1and ’o'gg
Yower 005
Repairs and supnlies ~10

Plant depreciation

1253

Total by solld measurcment

e w



It 18 essuned thal 1 cuble yard of solid rocikx will bulld

1% cuble yards of rock £111 drovnded fron ceblewnys (331/3 i

volis), . Per Cu,
© Y4,
The resulting cost of rock measures in the i1l is 1,00
Hauling to cableways 15
Placing by cableways 215
Total estimated cost in dam, 1.30
Gravel and goltles for gonecrete_ Per cu,yd.
Steam shovel operation ‘0.15
Haulin~ to screening plant 15
Cperction of screenins plant 35
Tlent denreciztlon 15
Hauling to mixinz plant 10
Totel estinated ecct in bins at mixing plant
.90
Zent,
LAgenminT EDY percent natural ecnd mlxed with 59 per
cznt erushied sand, rer Cu,
¥d,
Naturel sand same ag gravel +Ds92
Crushed gand:
cuarrying and loading rock at 41,57 per cu, yd.,
£514d4 35 ¥ vaids erushed 97
Hauling to crushin~ plant .15
Cperation cf crushins plant-
Crusting 25
Bol'inng + 40
Plant depreclation e N
Transportation to nmixin, »lant e15
Total crushed send 2,12
Totel estimated cost mixsd sand in
bins et mixing plant 1,50

1t. reference to the following entimnates 1t will be
noted that the dost of & d=1 557 feet hi-h, with a recser-

voir capacity of 26,000,000 acrc-feet, wes ilnereessed from
£41,500,079 to (76,607,020 by tie specizl ensineerins board,

Tarec items entered into the increrced cost of the dam,

() Increcsed spl lway copoelty over top of dan,



(B) Leecreased allew:zle pressures on foundation from 40
toms Lo 39 toiis per scunrc foct,

(¢) Crizrozce in size of diversion works,

It 1s not az=umed, huwevef, that the board veried the unit

ccots 2aterlally,

alternctive Zetiznte_
Diversion works C4,271,552,70
Dam 12,409, 450,00
Cutlet woris 4,3%9,“ 26,09
Spillviay 21,780,700
Tellrozd 1,343,;13.00
Construction camp ENN, 00 0N
fer-onent izoroveomnents s Paialie
Nisht of wey ChR 2N, 20

total estizsted field coat 31,132,220, el
Adminlztration, encincerins and
Congstruction 22> ,J 1,002, 723,290

fotel estincied cosis
Exclu%lve of power develonment
a2d interest durin> const, ,,8, 5,939,090
o "::'r,z 33,0*),0’)') 00
freliminary estinate_
Canaclity 34,070,097 acre-feet, ax, vizater scurface,el, 1,752
feet., ‘lversion tunnels dlscher-in~ below povicr house

To be increzsed eccordins to Colorzdo Rilver board report. .

Diverslion works, came as for 27,7"Y,271 rcrz-feot res,

4,253,270
Foundaztion excavaetion 1,112,770 cu,yds, 1,849,500
Croutin- and dralnage 113,434

Conc, in body of dam 3,560,779 cu, yds, .7 24,320,099
Parcmets, lishting, rianting roadws,; at autrenta,

reilin~, and extra conec, on shatrenta 134,415
Cutlct conduits : L,O“7,556
Cutlet works, trash rocks 204,159
Valves and gates c,Ou“,IQO
Closins slulceways 285,915
Traclz, crcone, and elevators 250,193
Conzt, R.R. &8 ner 29,077,079 acre-fo-t B 5, 1,840,810
Const, camp 507,070
Fermanent im»rovements 60,070
Tizht of way . 202,000
Field cost, "40,423,0
Administration, ensincerin- end contin- 9,277,706

gencles 22%7
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relon wortie, tobel lensth ~0 tos 21 19,5 4,
ndction exc,,total 277,07 cu, yds,
ns cnl dreliac e,
Cone. in vody of dem, 1,372,097 cu. yds,
cuys mebs, roadua), 11;;Siﬁ;,etc.
Cutlet condults
Tpral racln
Velves and cntea
Trec's, erang, & clevetsrs
Conatructlon rallroad
Coantraetliocs cend
Permenent imnroverents
1oy o f ey
Total field cost,
Advdafloterbion, agtlasorins and fonviage.clos 2
Totel eatlrated cond
sowhly

5,516,739

1,198,500
71,594
9,240,070
51,3581
1,511, 2534
571, 460
1,395,696
225,937
1,825,545
£07,079
75,000
270,070

ARt

22,955,693

5,165,032

£03,120,732
428,070,077
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