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COLORADO RIVER INVESTIGATIONS

FOREWORD

In view of the rather extended discussion and seiies of reports
relative to the development of the lower Colorado River, it is deemed
‘advisable &t this time to compile and have for ready reference ali of
the investigatione made in connection with this development.

This work 'as been undertaken by George W. Malope, Stato
engineer of Nevada and secretary of the Colorado River Commussion
of that State.

Reports reviewsd for this compilation ioclude the annual reports
of the Bureau of Reclamation; the Waevmouth report, consisting of
nine volumes; Water Supply Papers No. 395 and No. 556, by E. C.
La Rue; the Fall-Davis report, Senate Document No. 142: the Arizona
“ngineering Commission report, and varions congressional hearines
from the Sixty-saventh to the Sixty-ninth Congress, inclusive; and
work by Lowms C. Hill, consulting engineer, Los Angeles, Calif;
A J. Wiley, consulting engineer, Boise, Idaho; F. L. Kansome, consult-
ing geologst, Los Angeles, Calif. ; H. W Crozier, San Francisco, Calif.;
Thomas K. King, consulting engineer, Rene, Nev.; J. C. Jones, consult-
mf geologist, Universrty of Nevada, Reno, Nev.; Stanley Palmer, con-
sulting electrical engineer, University of Nevada, Reno, Nev. : Maxwell
Adams, dean of the chemistry department and vice ident of the
University of Nevada, Reno, Nev ; and the Colorado River board,
B pointed by the Secretary of the Intedor ard approved by the Pres-
ident, with the following members: Ma). Gen. William T. Sibert,
Charles P. Berkey, Daniel W. Mead, Warren J. Mead, and Robert

Ri.]fu'l{i

Mr. Malone is president of the Western Associatio n of Stats
Epgiveers compnsing 17 Westorn States Kanass, Nebraska, South
Dakows, North Dakota, Oklahoma, Texss, New Mexico, Coloradn,
Wyomung, Mentans, Idaba, Utah, Adzooe, Neveda, Washington,
Oregon, and California, He is also & membar of the public service
commission for Nevada, major in the One hundred and fifteenth
Engineers, Fortiath Division, and national vice commander of the
American Legion.

The work ia a summation of the authentic inveatipations and
hearings held ia connection with the development of ?hgn Colorado
River from the Grand Canyon in Arizona to the imperial Valley in
California. It is pot intended that full data be given in this report
but references are given so that supporting data can be readily
obtained, '

BIBLIOGRAPHY

Wevmouth Ieport: 9 volumes, Governmant remart mace un ai & cosk inelndi
ymouth B : 23, (a TITTHAT gLk ae up ai a cost, including
field investigations, of nearly $400,000, and is the inst word in Government reports
on the Lf&-ﬁrtdn River. The writer has & cop of this report.
'F_i'::f!:r Supply Papers No. 395 and No. 588, 5y E. C. La Rue.
Fall-Davis repors, Sennte Docuroent No. 140,
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i T et f
ot & vear at & teme, but he worksd on athor parte of 3%, . o

In sludeing both stes—that [= botl Deolder Conwnn Tronorvnlraiie—wn

[nvestigntisd Lo loestiors for yards, roeshe | ek o poeropal [len pe fo 1"'||-I r:.-i-_ll f
tho paat requleed, bow mach meie-s) wonld have Lo b movel pee day, S
character of plant probably heet plented to i, eod v s wiet we conglqerrd &

tiboral allowanes for the coat of <ivorilre the mver el poattle = ia fhe foundne
tion, After that tha h.ﬁh_lj_;g of the camn "a ;;.—.'.-"..rn'!_'-' pothins Lot s pmannans
tutlng proposition, )

In nddition to stndying these teg dam slies we mads a trip Lo tha ouly ether
gites talked about st Lhat time: that bs, oo the Colorae's Flyer abose the raoath
af the Paris, up nesr Leea YVerry,  Thepe mers bao o thmes deo plios gp Theray
Lt e eimrrcber of e rock fa wireh Lhad o pone of the ]-:M e ov ot B h..l"__]'l [} LEEY
L justified,  The rocn ~as Loo solt,

Alr ltansome, Lle geolow'st, spent & long time= In investizating the grolopy st
P fwo lower daos sitea and aso Dhe geclogy of The Basln, ks we were nol eerlals
Lut what thers might be woma poasibility of leakses nut of tils Lasin, although we
did mot really belicve them waa, _

Sipes our laat telp for the Governmen® [ have bean retalnsd by privateindivil-
tels sr conpanies, I wisited both dam sltes na s member of & board of which
Ceeneral Gocthals and Me, W, G, Clork were tha cther two memters,

Tiue Tteclamatlon Earvies paginecrs Lave mophe cxperienes in gl kinda of diller-
ent joba of this chamacter, so that thelr estlmates of cost ought to be fn poied 24
those of any contractor or proup of encineers. [ know of no ersanization in the
United Siaoen whicl has busgt mores deeas Lhae Che Eeclamstion bervier, god thelr
eslimates ara uaally justlfiled by Lhe actunl cons, )

I am sending vou & T.-Dp-i( of my professione] expedence, [ will be vory gled
to do anyihing posstthia to Belp in this wosk,

Simcersly yours,
Lorma C, Hier,

Tre Macrar Hcrool or Riixes,
' UNIFISEITT OF NETADA,
Heao, Nee,, Nosembher 27, 1075,
Mr. Geonor W, Mavtosr,
Seerelory Orierado Kiver Commisrinn for Nevrgda,
Meyfower Hatel, [askington, 1. C,

Diean Sin: After & vimit to the flouliler and 13ack Canvon damm eltes amed a
resiew of the reporin of Doctor lienesome andd Mre. Jennizon on the geology of the
region 1 aubmit e lollowing eonclosicns;

1. The tapography of the recton In fdesl for Loty damn 2t and reserenia,
Both Doulder and Blaca Canvorg are parrow, willy vertjeal wolls ghvine am opgvir-
tini'y 1o eonstruet high dama with a minimem amount of material, The
relatively marrow valleva above both wbes we'] mive deen terosvoire of losen
capacity with moderate area of water surface aod with & copeequent minimum
anmual bnes through evaporntlon.,

20 AL both dun fites the pecks cxpesed In the canron walls have abmndast
strengih 1o sunnort the dam with a large factar of pafety, At Bouwlder Canyon
the rocks are granitic, of exceptlonally hich strength, impervioue, and with
shallow Jointing.  The few faults precent run at right apgles 1o the canvon, are
ellertively wesded and Imparvious, and while glightly weakee the o toe wall prcks,
khaw no evidense of rerent mavement.  There fn o evidenes tadicating & fault
paralle]l ta tha ranyon and much ev’ lepee to show that no fault exiate [n the
canvon fullowed Ly the fver,  Tha rock ia Feesty within 19 fret of tha susfare gred
& cut of that depth will cTeotlvely seat the eory wall of the dam and maks 0t
waler-tight,
| At Black Canyon the rock ie an andesitip breceis, a Iava extending to a great
crpth belew the river and furming an Impervious Darrier to seepare below tha
eam.  The rock (s lees jointed than U pracite at Boulder Canvon and & 10-food
cut will be in freah rock mnd efectiv. iy seat the eore wall, Few faulls are prasent
ard ma at Boulder Canvon all exwend aeros the canyon at spprozimately reht

:Efjr Lo the dver, Thern [s na evidenss of & fault down the canvon followed by
L wET,

2. The proposed reservolra ara impervious and there n lithe Vel hood of Trak-
age arounil the dama. The pressnce of bodis of ealt and gypoem in the cays of
Yirgin Valley that wil] ba submererd gueseetn aat seane inerenss in the salinft s
of the water stored may rocult,  Gypeumn [s relativels Insoluble eod such emel!
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amount as in dissolved by the water will be of hanefit ‘to lands irrigated by the
witer through the !mdﬂﬂﬂmum“ﬁmhhﬂzpm-ﬁL Im aoy
oot bhe total salinitr of the water in the reservair will be slightly

due io the large volume of water in the ressrvolr as compared with the light

arca of gypaum e and fta [neolubllity., Salt, oa the other hand s
soluble it the bodies of salt are largely buiried Demeath eiay and siit that i
[ 23 that .

Purposes,
4. /b the Paclfic const ls subject to earthquakes, the possibility of damage
through earth movrement must be considered. * In & wtudy of the rl'Et i
wﬁzuh-in Nevada and California we find that the roglon surrcunding the
dam sites bs vnusuallv stahle, and we bave no record of an earthquake having
originated in the surroending area in rocest years. Such earthquekes an have
felt in the Laa Y mmt:ﬂ ated in distriets 150 miles or more
distant. Dam fmmﬁq i to the immediate vicinity of the
sietive faulte. has been shown by Doctor Ransome, there is much evidence
to show thal nooe of the faalts in the vieinity of the dam sites have moved for
<enturies at least. The broad alluvial fans extending high up on the mountains
of southern Nevada indicate listle or no recent movement of the faubts along
which the mountalne were elevaied and are In distinet contrast to the marrow
{ane and abrupt slopes of the mountaing of northern Nevada, where the faults
orcpslonally mova, Lo : .

The nearest active nreas at presest are Imperial Valley, Owens Valley, and
morthern Nevads., These are too far dietant from the dam altes to causs damagn
aven at the time of the most severe earthquakes that have been-experienced.
The sctual mtﬂﬁ-urﬁﬂhhdﬁuduﬁn‘w*unt
qmﬂhhﬂlﬂlhﬂﬂdﬂdﬂﬂ'mtﬂthudby% the dam
nthnu-u-flﬂmnmﬂmdmdylmhu—ium to the eanvon

8 [t will vibrate in unison with the blosk supporting the dam snd no dim-
. i the sarth. - Stidy of esrthquake

(2]
riensts In the Las Vegar region will b harmless. YT Ly :
I.Irhhhmhtleﬂmmnﬁmﬂdmmt
everything I observed in the ficld sccorded .with the obesrvations of r
re and Mr, Jennison. Their remorts mive a fair, unbissed scoount of the

.’ : ; T . ' 1. C. Jowss,
: e ,"’Fr*qulrlf_ﬂﬂiﬁrndliirﬁﬂ. Unipersity of Novada.

® - Usrvensert or Nevapa,
. Rena, Neo., November 28, 1985,
Mr. Gronox W. Mavows, . oo F oy

State Engineer, Carson Oy, Nev. :
My DEam Mnr. Marowz: I have conferred with Professor Jones and have
examined the Weymouth report on the Colorade River and note the estimate
Iven in Volwme V relative to the amount of salt |n the basin of the  Boulder

ile the amount of salt estimated o be present fa large, approximately -
35,000.000 tors, the reservolr is also very- , 34,000, ncre-feet.  If the salt -
were all dimsolved at enew, it would sot ralse be per cent of sall abors the toler-
anesof one-half of | per cent, which ls the maximum for irrigation waters set by
Hilgard and others. _ LS
=1 believe the grieral conelusions arrived st by the report on "L8T to be
sound because only a small of the salt s how exposed as
the sediment contalned in t impare salt would gradually cover the beds uatil
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the saluthon would be very slow. Tf the -wolar were pereslating through these
pede of st of sourss they would all in time bs leashed sut, but where & Tayer
of st and sediment overliss the bed bbe diffuson would be very slow.

Yery truly yours,
Maxwerr Acase,

Dean Collepe af Arix and Sevence,

In view of the above statement it ia teadily seen that the amount
of salt that would be dissclved would not affect to an injurious extent
the water svpply 10 & reservoir of 26,000,000 acre-feet capacity.

PRESENT STATUS OF THE PROJECT

The Boulder Canyon project act becomes effective Jrme 21, 1929,
six months after its passage, by virtue of the six-State rompact, and it
is assumed that Congress will make the money available for construc-
tion at their regular session, 1920-30. -

It s expected that the ,brmn'hrl.ﬂrmd from the Union Pacific
Rulroad to the dam site will be canstructed during the fall and winter
of 1929, most of the work being undertalen Union Pacific.

. Definite arrangements have not been made, but it is expected that
haghway construction will be mmdertaken from Las Vegas to the dam
site. ‘Tr']m road may he constructed as a part of the project, sinee it
15 considersd a proper ch againat the construction fund, becauss
the Governroent will prompt - and officient stage sarviee for
express, light freight and Jabar t :

t is estimated that a maximum of 10,000 horsepower of slectric
energy will be required for use /un the construction period. Private
coTpoTations be allowsd to bid for furnishing this power, and if
prices offered are not satisfactory the Government may build ite
oWl plant. ' '

A concrete gravity type dam, curved in plan, s pro .

~Excavstions must be mmde to & maximum of 125 feet below the
nver bed to solid roek. o '

and tunnels excavated through the solid rock te divert s mazimurs of
200,000 second-feet of water around the site (acoording to the
"Colorado River Board’' report) before excavation may begin,

It in anticipated that & maximum of approximataly 2,500 men may
be smployed during the construction penod, mpluﬁnwh-;; 300

or 400 at the start of the werk; the number depends on the
construction methods employed. ' o

Yolume of malerial in exciosive of cament . ____ . ey

Volume ri’uhm'lnd:m.m am e e mm B b b P i fdur:h Hﬂ:%
Cament fn dam_."___..______._. miasealoniienssanaa. barrela .. 4, 000,000
Capacity of reservolr. .0 0i o —sorecfset__ 24, 000, 000
Heaght nfiun__'__,'_;..,......-..-..-.._._'..:..__'.-..--..L“..-_i_iut.- T ST
Power developed, installed ¥oticmmrnanasi homepower. . 1, 000, 000
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BOULDER Mﬁﬂ FROJECT ACT
(Pratio—No. 843—T0rn Conannsa)

[H B2

AN ll:l‘l'1.' provide b= (ha nnmnmmmnmmmm
Miver Basn, tor Lbe appravel of biss Oulorndo Jiver 80 pact, Atk [of Giher urpows

Bliﬂﬁﬂdhfhﬂnﬂi!dﬂlﬂi lfﬂlﬂlﬂd“!f

Amerion o ihl' of sontrolling the foods,

lmpmrlu;-nf:;r:rrrn ind-:;htlu H:- flow of ﬂulnndu !.I'::r. wldllﬁ
r storage and (o the deli tored waters thereo! for reclam

}:uhlu lands and other bone u.ul uﬂuﬂrﬂ: within the United Btates,

thmdth-uuiw-lm dmlug.mmm'ﬂ

i.n-r:l.drlm l'm'h In ul.in siream of the ver st Black Canyon or

to oreats & storage of a eapacity of not leas

tht mnmﬁﬂ!lwm‘mhnnﬂudmﬂnlmﬁum

within the Unlted States Dam, or other

nﬂhﬂldl. ﬂhlﬂltllﬁllﬂlrlﬂ 'I'tuhl‘ beraby authorized

to construet H necessary of advisable by him upon or eco=
nomio consideratlons, with the Imperial and Valieys In

the upundliurll for sald maln and appurtenant structures to be reimbure-

ru hthmhnﬂhnhu.udﬁlﬂmh out of revenuss

'Ihl-hu

be con

, all lands, rlg

domaln,

BInE Tllnl.lhanb;uhh&hld q-dl.lh.nd hlbnn the
- u&lruhlulu W. to na “fund lnd-hhi
available, as horoafter pmrld ":E out the ﬁﬂr‘ﬂﬂl this

year with such amount s m:hmitthmmtdhhﬂu
Mvumnldiﬂnd!rnbﬂmn(b]ﬂlhﬂhﬂipﬂmwﬂ anpum
necrued durlng the year wpon the amounts so sdvanosd and re

“uplthllll' rmum-ummwmw#mwn
tary of the Treasury may, in his diseration, defer any part
1h:;mmtmddmﬂ shall bear [ntereat at the rate of 4 per centum per annum
un PH...
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pxpenses of operation and maintenanca of sald works Incorred the United
Heatrs and tho repayment, within fifty {Hﬂ from the date of thhgamﬂuﬂun of
aald worka, of all amounts advancad to the fund under subdividon (b) of metion
2 f~r such works, togather with Interest thoreon mads relmbumaabls u thin act,

Befars any money s { for the constrmetion of sald main canal and

appurtenant structures to eonneet the Laguns Dam with the Imperial and
he'la Valleys in Callfornls, or any construction work ls done lﬂ:ﬂd

canal or =ontracied for, the of the Interfor shall make pro for

revenues, by contract or otherwise, adoquate in his judgment to insure

of all expenses of construction, operation, and malotenanes of said canal

and appurtenant structures in the manner provided in the reclamation law,

I* during the period of amortisation the tary of the Interior shall recelve
revenues n exeoes of the amount necossary (o meet the odleal paymenta to
the United States as provided in the contract, or con , txeentad under this
act, then, Inmediately after the scttlement of such perfodical payments, be shall

Ay to the Btate of Arisona 183§ per centunm of such axeens revenves nnd to tha
Em.- of Nevads lﬂ}a"fu centum of such axcess rovenues,

Bee. 5. That the relary of the Inoterior ls hersby authorized, under such
general regulations &a he mﬂ; prescribes, to contract for the storage of water In
eald reservolr and for the delivery thereof at such pointa on the river and on sald
canal as mar be agreed upon, for (rrigation and domestls uses, aod tion
of electrical and dellvory at the ewltehboard to Btates, nunhlps COTpOTA-
tions, politlc 1 subdivisions, and private corporations of elecrtieal 3
erated at sal., dam, upon cha hat will vide revenus which, fn ad ta
other revennns sserving under the reclanation law and under this aot, will in his

udgment o or &) oxponsos of operation and malntenance inewrred by the Unlted

tes on acconnt of works eshatructed under this aét and the payments to the

United Biates undor mhdiﬂﬂnn{tb of seotion 4. Contracta respecting water for

irrigation and domestlo uses aha for servics and shall eonform to

rrq'mph (n) of section 4 of this act. No person shall have or be to

ave ha use I‘wmmrpmﬂth waler stored as aforesald except by contract
wi

mnae &a hereln athi
After the repaymenta to the United Biates of all money advanced luters
eal, thargos shall ba on such basls and the revenues derived therefrom shall be

kept In & separate fund to be e ded within the Colorado River Basln as may
her:after be preseribed by the &en::rm
General and uniform regulations shall be by the sald for
the l.'ll-]'l“l'ls of contracts for the sale and of tl;elﬂnﬂ energy, for
renewals under subdivialon (b) of {his section, ln-;? in making smach contracts the
[sllowing shall mﬂll';.n: 4 : e R
o contract for elecirical o chumy
Lhuﬁ)bn ?:cl?aﬁ" duration than fifty yesrs from the date at which wuch energy

¥ the either Betratary of the
nterlor me d to be jurti petitive condl polots
or competit “nmmlmﬂﬂdh;m “du‘:glnl:ﬂ or
renls as 1o Inter t
elther by atrbitration

authorsed to aet for in sueh resdjustments or "
(b) The holder of any contract for elsetrical energy nﬂhﬂm-
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erence t ta for the use of water and appurtenant works and privi-
muul:r; or the .'!l:l'l'l'l::ﬁ I.Id :H-trltmlm“n::.l: ":nh::":uw -ﬁ:
lurdﬂlvu-{ultuu:-ﬂahhwﬂ [ Ldrmui plan e g

reghilations preseri bed by him T ired to permit Hl'-.ler m
M wﬁﬁ%ﬁum:: h;;‘ndnﬁﬁm

o
sixty days from the sontrmet of v
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i .l . [} L3 » &
ereso v Pl thee Sospetary of Ale Intesior may,. 'n bis diseretion, when terne-

(Lh) [P I o Binafes of il rannes :--Ex-.ri-r-!, wikhy intepeat, pelinbvgreall
Lo ! besnes Bemy pazai i, tEamsles 5 Uibh: tep wanl ernml mmd mppsirtenend
T LT vl Doy D s U by epmanl el mpqeirtoamnt ol o foer
s s P Uosgue Ll ~ppligpm FReoe, Lo the gmingels of uther secmei-= of ¢

i Poaving s betetcind amefesl Thefein in progaortamy Lo GhedF foefieo-
v eatnts doverbuwends goder woch Torm of grgamnestion s mes be aeceptable
L [l TR e otrpeie o ot e mgencies shall have Dee Mivikr KL oAmy
Liziae ol st by rowiteel of otlerwaer such power possibhlitics as mony exiat
VR s sann s i proenofiioR Lo Lo resowsc Dove v brilrii o or abhigetiona
fomeed tl ilal eowd ol smid canal and apnurtenant atrectuses from and ipclid.

ing e dhiversbn workes 1o the prunt where cach =speative power plant may be
wntel The vt preveeds (rom any power development on said cansl shall be

[uum the fund sagd oredibed to sabd distrists or otler ageneies on Uheir kaid
Jond e g prevorlion do tiuer rghits fo develop power, until ke districie or
Gt neendios sy aaid capal shall have paid thorchy and umder any conteast

T ofeersrs an amdsent of moeney equivelent to Lhe CRErml N ATL MERSICREACS

expner angl coad afeensirclion theneod,

e el The United States, 1t parmilbecs, licensesa, snd oo irtasa, nrad
Lo amed avproprators of waler stosed, divestiod, earmeed, and or distrbated

ik o rewtryvor s, eanale, noed olher wores berein autborized. shrll abserve and he
a8 to pwe] gontrolledd Booamdid Codorado River eoopaet in e conatruction,
CTEH dent, and bpefation of saul resgereir, canabs, mne] olher warks acd the

ploman e rliver=on, dhelivery, and e of walber for e generation of povwes, irrigation,
AU oo Ler parpresca, auybinng o thas aet to the contrary podwitbatanding, and all
prormidls, Eocnets and centracts shabl so provide.

) ke the United States, in copstructing, mansging, and operating the dam,
Féaalyi- T, L'l.tll]al, &bl other worke hermn aubhocized, |::|rll.p|l||:'*_ the appropria-
omy, delivery, ] wee of walor, [or Use penetatlion of powes, irmgation, of olher
s, *and all uscry of waler thue delivered all users and appropriators of
water stonnd by said reservoir and /o carmied by said sanal, i:l.-:l-i.n-:l'i'.J-!t RH parmoittees
andd licemaces of e Tlnited Slates or may of ita agencies, shall observe and ba
subject to spd controlied, anything 1o the coptrary herain notwtbetanding, by
the termms ol such compact, if any, betwesn the 3iatcs of Arizona, California, and
Nevada or mny tmo thereof, for the equitalle division of 1he benelits, including
power. mogping from the use of maler acoruing to ssid Slates, sabsidiary to an:
copaisiant’ with waid Colorsdo River compact, which max, be negotlatod and
I‘F_u'-q;‘l iy sald Siates and fo which Gongress chall give its consent and approval
on ok Delofp senunry ], 1929 and the terme of any sich eoanpact sonclpded

twern anid States nnd approved and consented to by Congress sfter waid date:

rowideca That in the latter case such compact ahall be subject to all contracts,
il mmy, e By Lhe Sererefary of the Intenor wnder seclion & hereof prisr to iy

* date.of such approval and eonsent by Coogress.

Ere. G That all el of the Urited States found by the Socretary of the
Interior ‘o be peantienlde of irrigation and reclamation br the irmigstqn works
authorizod hersin shell b= withdrawn from puldic anktry, Thercafter, ab the
qirecton of the Becrctnry of the Iatenss, such lands sball be opened for entry, (B
tracizs varying in eizge Dul not excecclng one hundsed and sixty acres, na mar ba
datermined by Lha Secrelary of the Interior, in sceordance witl the provimons
of the elomation aw, and sor such sntrymas shall pay an eguitable share (o,
apcordaipe with the bepelite reesived, ps determuined by the said Secretary, of
fhe conatruciion coat of sl cansl arwl appurtepant pirecium; said pavmenta to
b Jpachs om oewch imelaliroents and at sueh Limes as may be ppecilied by the Secre-
tary of L've Interior, in aecordance with the proviaiens of the eavd molamelbion
w, ancl aball comlituln ravense from padd projest aod be soversd inls the fund
beiem pwavicksl fors Uromded, Thint all pereone who have serve] i the Unlted
atates Army, Novy, or Marine Corpa during the war with Germany, the war
willi S, of ie ke sgbrcesson of tha irsvrreclion ja the Phiippines, wnd
who have bwon heroraily separated or discharged therelromni-or plased (o tha
Megular Aroy or Navy [leserve, shall kave (he exclusive preference right for a
perind of thees motthe bo onter sald landd subicsl, bowever, Lo the provisions
frﬂ' submecion (of of mection 4, aet of Deomnber b 1524 (Forty-third Statutes st
Largs, page TOL) G ol also, g0 far oo practhcable, preference shall be given to saidl
porrona in &l comslroctioa work suthonred by this act: Premded Surlher, That

T Lo ovent ruch mRoentry sball beorolinguislesd at any Gme prior 1o aciusl

reswferce upon Liwe land by Lhe cnbrviman [or pot Jesr than ome vear, lands so

relicpuisked shall not be suhjeet 1o ent= for s o] of sxtr Jdavs mfter the

# Bling el oolation of the relingwlshment o the loesl land offce, and alter the
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expiration of said sixty-dar peciod such lands ghall b opon Lo entey, gubjees fo
the praference in thin section provided _ _

Gee 10, That nothing in thin aet shall be canmtoued as modsfvine in Ay maansr
Uh: e=imelnp el eaet, dubed Cetoleer 29, DR, Bede con the Dnfed Brabeg noed eon
Linperind drelgatoon dbtriel, peoviding Doroa e ebinn with Leeann Shoe] f oo
the Secretary of Ble Interbre in sublierzed fo epter fabo conibrach o o ;
with the sa'd district or othes districts, peesons, or azeneics for Lhe oonsireeiie,
in mecopdanee with thiscact, of said cannl asd appurtenent stroeiures, woad alao
for the operetion and maintepance thepeol, with the conzent of the obhor usemy,

Ree, V], That the Seeretary of the Interior is hereby gulliorized 16 fooan punh
gludios, susveva, investigations, and do such cogineering S8 msy e neoonanry
daterming tie cabins Inthe Blate of Arizona that shocld be embroeed wislin Lhe
bausdarieos of & reclamation neoject,. heretofore commerly known and herea

i b knewn ns tiee Parker-Gile YValley reclameation projeet, =l Lo pecommend 150
moat praciieable and (eamibie mebbd of crogating lendes wilhin saed nrooed) or
o

ol

iRty theren!, and the cosl of the same; and the sporopriation of sach =om:
money &2 may be necessary for (e aloreanid purposes foem fang to tooe is herelr
autboriged. The Seoretary shall report 1o Congross me poon & practiceile, and
nat Inter than Decembor 10, 1931, hie findings, soncliesions, and resommendations
regarding auch project.

See, 120 " Politiczl subdivision™ or “politizel subdivisioneg' g used = this
act ehall be understood to inelude any Sate, irripation or ciher disteiet, 1minine
priily, or other poveronmantial ofganization,

“"Heelamatina " s used in this act aball be vndersiood to mean flhab
eertain aet of the Copgress of the United Stotes approved June 17, 1802, enlitied
"Ao aet appropriativg the receipls [rom the enbe apd deposal of public Isod in
certain Btates and Torritories to the consiruction of irmgstion worka for the
r;cl-n-mntl'nn of arid lands,” nnd the asts pmendatosy thereal and supplernental
theretn.

"Maintenence” sz veed herein shall be dermed to imchede ia eseh iustance
provieion for kesping the works in H:ua-rl operating condition.

"The Federal water power act,” as used o this ast, shall be understood to
maan thai certam pet of Con of the Upited States approved Jass 10, 1529,
entitled “ An aot 4o crente 8 Federal Power Commission; to provide for (he im-
rm?mﬂt of navigation; the development of water power; the use of the public
Ands in relation thereta; and to repenl section 1% of the river and harbor appro-
Friation met, mpproved August 8, 1917, and for cther purposss™ and 4he acis
amendatory tharesl and supplemental thereto.
ot o Domestic " whenever emplored in thin act shall include water uses defined o

dorestie” 0 osasd Colorado River compact.

_See. 13, (a) The Colorade River compact signed st Banta Fe, New Mexico,
November 24, 1922, pursuant to act of Congress approved Augmst 19, 1071,
entited ''An aet to permit & comparct or agrecment between the States of Loirons,
Californin, Coloradn, Nevada, New Merico, Utah, and Wyoming respeciic- the
disposition and apportionment of the walers of the Coiormdo River, pne [oe
nther purpascs,” is hereby approved by the Congress of the Unitod States, s the
provisions of the first paragraph of artiele 11 of the said Colorado diver eompact,
making sl compact binding and ebligatory when it shel! have becn appraved
by the legislature of each of the signatory Btates, are hereby waived, and this
l}:r;rrr-vﬂ shall become sffective when the State of California end at lesst fve
Ot the other Etates mentioned, shall have approved or may hereafler eppruve said
compact a8 aforeanid and shall consent to such waiver aa herein ru-nﬂn:sufl .

(b) The rights of the United Sintes in or to waters of the orado Hiver and
its fributaries howsoover claimed or acquired, aa well as the rights of thome
o :EJ'I"“!E!' the United Btates, shall be subject o and contrelled by aald
Codar River compnet.

e} Alse all patents, grants, conirecis, concessions, lrases, parrte, liceses,
righta of way, or other privileges from the UniHed Biated or under ite sothority,
necoesary of convenlent for the use of watern of the Colorado Lliver or its trita-
tarles, or for the generation or transmission of electrice] emergy grnerated by means
of the waters of sald rver or it tributaries, whether under this acl. {he Frleral
water power pct, or otherwise, shall be upon the expross condition and with *he
exprema oovenant that the rights of the recipients ar holiers thoreof 4o watess of
the river or its tributaries, for the use of which the same are MEEORAATT, BoOnYETianT,
or ineldental, and the use of the same shall lkewlss bo pubjeet to abed soniroled
by said Colorado River compact. .

(d) Tha condftions and covenants referred to bereln shall ba deesnad to run
with the land and the right, intersst, or priviiege therein and waber right, and
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wontter of law, wheller et aub or referred to in the [oatrement
AT |";:|!" LR ;'l.'ll e i HL rruT‘-‘T, l'.l'!‘.'.l'l.-l"t, lf"l!"."l'l"f“"l-"li'f'l'fl. li""m, rlﬂl'mi.t. I-'if"l"'ﬂﬂ!‘.
riwhi of wry, R TR T |—;u-- froann the DTnited States of apder [t amthonity,

o ol andd v vl I ciermed to bo dor (e enelit of nricd be avnilable 1o the Sialos.
o Arizons, Cadi rarsin, Celornde, Sevada, New Mexiza, Utab, and Wyoming,
and the usere of water thermin of thereunder, by way of suil, defeose, or o her-
WisC, i mmy ..I.. imabion reepecting 1 he wrtcrs of the Calorrda River or its tribularios,

See, 14 This mot shall be decmed 2 supslsTaent to tha reclamation law,
which maid r[‘u_.L"!,.."'ll.ﬂ.!:Ir_!ln law ghall govern the constructivn, operation, and man—
agement of 4he works herein authorize], !‘-.l:'i.'].'l-* na rihereies horein ]-'”'l:"l"

See. 15, The Seeretary of the [aterior is anmthorized end directed Lo maks
investigation amd public reports of the rﬂ.l.l.l‘llll.t-\' of projects for I-I"I'I-[I-1- ¥o,
proreration of ckeeirke pomer, and of her P poses in the States of Arzons, Nevada,
Codorado, New Mevieo, Utali, and Wyvoming far the purpose of making such
information availcbic 1p madcd Sales and to 1.{|-E Cl:rn:reu'l and of formulating a
eotpprohendive schorme of control and the improvement and utilization of the
wiater of the Colarads Paver and ita 'L'l'.l:hrll.l.r‘.ul The sum of 3250, iz berchy
aunthorised o be appropriated from said Colersdo Fiver Dam fund, created by
pretion T oof thie ark (or sush el g it

sec. W TIn fhiethermnse of any comprohensive plan focrediated bereaffer {or
the cglrol, Gaprovement, and wilizaton of the resourees of the Colorado Fiver
svslom pred o Lhe end that the peojest anthorized by this acl teay constiliote
amed b wfAministersd 25 & unit in such eowtrol, improvereent, aond utilication,
oy cormenissan of codnmlbecioner duly authorized under the laws of any r!hli!'v"‘ln;
Betate in that bohall shail have the right to act in an udvhmt'i' eapacity to and in
r-::n* ation with the Seeretary of the Interfor in the excroise of any lllt-h':rl'll-"

er the Flr:n""dq:rm iof epetions 4. & wed 14 of this ast. snd shall have ol I.n]
‘tl.r.rupl ascoms 1D proorck of al] Federal agencies empowored fo act under said
scctions, wnit shall be entitled to have copies of said records on request,

bme. 17, Claims of the [Ini‘sd States srising out of aoy contract authorized
by *his act shall have priority over ail others, secared or nrnsecured.

“mq. 18, Nothing herein sanll be conatrucd as interfering with such righte as
the Stales mow Rave sither to the wiaiers within their borders or o adopt such

_policies antd enact such laws a8 ther may deem nocessary wifh rspect {0 the
T appropriation, eontiol, mhd wee of walers within e 'h-c'!l!ﬂﬂ"l, exoant ap mod fed
by the O n[r:udn Hiver compart or other interstate agrcement.

Egc, 19 "Vhat the coseent f.f Copgress is hereby given fo the Blaies of Ard-
sonm, California, Colorsda, Nevads, New AMevieo, [tah, and Wyoming to
negotinle and euler into r.-{mmch O REreEments, m::np’-emm to and im rom-
formity with the Colorado River eompast and consisient with this act for a

gﬂ:hmnm pian for the devcicpment of the Colorsdo Hiver aad providing
for the storage, diversion, and use of the waters of said river, Aoy such compact
ar agreament may provide for the sonstrustion of dams, headeworks, and other
divermion works or structures for food eontrol, reciamation, improvereest of
pavigation, division of water, or other purposes and /or the soosbruction of power
howses of other structures [or the paorpose of the develapment of water power
and the financing of the same; and for such purposes may authorize the creation
of mtersstate eommissions andkor the ereation of sorporations, suthorities, or
obther (netrumenta]Miom.

[n} Such sonsent is given upon eondition that & representative of the United
Btates, o be appoinied br the President, shall participate in the nogolalions
aml shall make report to Congress of the procesdings and of any compact or
agreeenent entered inbe.

(b} No osuch eompect or agreement shall be bindieg or l‘ﬂﬂ.l.l.l.ﬂ-.l‘; u LAy
of Buch Statin nniess and until it has been approved by the logisiaiure of each of
such Stetea nnd by the Congress of the United States.

pac. 20, Nathing in.thia set shall be conatrued as s denial or recognition of
any rights, if aov, in dezico fo the use of the waters of the Colorsdo River
pyatam.

Smc. 21. That the short title of this aet shall be " Boulder Canyon profect set,”

Approresd, Dacerbas 2§, T02E.
REYIEW OF BOULDER CANYON PROJECT ACT

. The Boulder Dam legislation provides subatantiall
* 1. That the losation of tho project shall hn at anr or Black
Canvon., {(See 1]

elhinll nlfach e w
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2. That the purpose of the act is to control floods, improve nevi-
cation, and meulate the flow of the Colorade Hiver, to provide for
etorage and use exclusively within the United States, and to penerete
lertsien) enermy e meens of making the penject a financially solvent
nndertnking,  [Sec. L} o _

1. That any richts the States may bhave ino wateT within T;-'f'"f
brundaries, or the right to adopt such policics and enact such laws
as they deem nDecessary, with respoct to the appropnation. con trol, mml
e of water within their boundaries, shall not be modifiec mmpf
by the Colorado Bivercompact orothor interstate agreement.  (Sec. 15,

"4, That the Secretary of the Interior 18 authorired Lo carty out the
provizions of this act, subject to the Colorado River compart. [(Far.
), eec, B
"5, That there is herehy appropriated the sum of $165000,000 to
carry out the purpose of this set.  {Sec. 3.) o o

i. That the Secretary of the Interior is autherired to acquire by
proceedings, eminent domain, and otherwise all rights of wey, lands,
and other property pocessary to carry out the purposes of this act,
[sec, 1)

t 7. That no expenditures out of the fund shall be made for operation
and maintenance except from appropoations therefor.  (Paro (c],
gec, 2.}

%, That intereat shall be at the rate of 4 per cent on all amounts
advanced from the fund under provisions of this act, and all amounts
advanced from sugh funds shall be checked by the Secretary of the
loterior at the close of each fiscal vear. (Par. (b), sec. 2.)

9. That no person shall ba entitled to have the use of water for
any purposes, except by contrect made with the Secretary of the
Interror us hermn stated. (Sec, 5.0

100, That after the $25,000,000 set asids for flood control has been
replaced from the 62X per cont of any excess over the smounts due
the (Giovernment, after the amortizetion penod, it shall be placed in
the fund to be expended within the Colorado Hiver basin as may
hereafter be prescribed by Con . i5ec. 5.)

11. That the rights of the Unitad States mn or to the Coloredo
River and its tributaries shall be subject to and controlled by the
LColorado River compact. (Par. (b}, sac, 11.)

12. That 37% cent of auv moneys collected by the Secretary
of the Interior, ug:;rve the amounts due the Government, shall go to
Arizona and Nevada, presumably in liew of taxes, by virtue of their
natura! resources being teken for a public service, (Par. (b), sec. 4.)

13. Thet the power to be sold st a price that may be {ound to be
“Justifind by competitir.  conditions at distnbuting - pownts or
competitive centers.” (v ), eee. 4] Contracts shall be made
with » view to accuring “‘reaconable returns.”  (Par (&), sec. 7.}

14. That the provisions of the Faderal water power act and repula-
tions of the Federal Power Commission shall be conformed with as
far as practicable in the operation and administration of the project
and for the protection of the investor and consumer.  (Sec. 6.}

15. That there shall be readjustment periods for the sale price of
the power, either upward or downward, a8 conditions at distributing
powmnts may indicets, the first readjustment after 15 vears and every
10} vears theresfter. (Par. (a), sec. 5.)

16i, That no charge shall be made for water for imgation and port-
able purposes in the Impernial or Coachella Vallews,  (See. 1.)
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17. That the water may be sald for irrngation and potable purposes
in all districts except the limperial and Coachella Valleys.  (Sec. 5.

15, That a board may be arranged for, consisting of one member
from each of the seven States, to advise with the Secretary of the
Interior on the sale price of water and power, and matters relative to
the Stafes ._':hh"!: 16.) ) '

19 That the sum of $25@00.000 be set aslle for flood control, to
be repleced sut of 6274 per cent of any revenue in excess of the amount
necessary to” repay the Government, and if net entirely replaced
during the amortization period, it may, thereafter, be paid from the
2% nor cent nf the net profit.  (Par. (b)), sec. 2.)

20. That the all-American canel may be tl'_'l]]if.l‘ucfll":t], and any
dan and necossary works, under the reeliuation act, which provided
tHAt all pxpenditures be underwritten by the lands benefited, prior
to the beginning of construction, snd shell not be paid for out of .
the proceeds from the eale of waier or power. (Sec. 1.}

21 That o dam be constructed with a reservoir capacity of not
less than 20 000 000 acre-fert of water.  (Sec. 1)) : .

22 That firm contracte be mude by the Seeretary of the Intenor
for the sgle of gower generated, and for the use of water to generate
poawer, atd for the storaze of water for irngation nnd domestie pur-
posce, and that will replece the Government investrment in dam and
power plants in 50 vears, before construction shall be undertaken,
and thecharges for water for irmgation and domeatie purposes shall
be {or permanent sérvice. (See. [ _ i

23. That the ennsent of Congress is piven to the reven States of

" Colorado, New MMexico, Wyoming, Utah, Anzona, Californaa, and
" Nevada to enter into a compact, or agreemnent, supplemental to and
in conformily with the Colorado Hiver compact.  (Par. (4}, sec. 13,

24 That the consent of Congress is given any 6 States of the hasin,
meluding California, to enter into o #-State compact, il said B States
ratily the Colorade River compact without conditions except to
waive the provistons of the first paragrapl: of article 3 of said com-

ack, requinng 7 States, provided that Californis hmits itself, by
cgislative sction, to & consumptive use of not more than 4,400,000
Jacre-feet of water from the Colorado River, and in the event of the
G-State pact, the act shall become operative aflter 6 months from date
of passige. These conditions have been complird with both as to
the 6-5tate compact and the California limitation as to the unse of
watirr,  (Par. (a], seco 4, par. {a), sec. 13}

253 The consent of Congress is gaven to the three States aof Cali-
formia, Arizona, and Nevada to enter into an aereement, and specially
provides for seven ronditions under which this sgreement may be
made, amel not be pegessary to retum to the Conpgress for reratifica-
tion, as fodlows: (Par (a), sec, 4.

(1" That of the 75300000 nere-fost annually apportioned to the
lower basin Liv paragraph (a0 of article 3 of the Colorade River com-
paet, there shall be apportionsd to the State of Nevada 300,000 acre-
feet, and to the State of Artzona 2,500,000 scro-fect for exclusive
heneficial and conaumptive uee in perpetuity.

(2} That the State of Arizona may annually use one-hal? of the
exeess or surplus waters unapportioned by the Colorads River
compact.
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(51 That the State of Arizona shall have the cxclusive benelicial
consumptive use of the Gila Hiver and itz tmbutarics within the
boundanes of eaid State.

{4) That the watera of the Gila River and its tnbutarios, except
return flow sfter the same enters the Colorado River shall never be

' auhjﬁ:t. o any diminution whatever |:|j? ALY allowance of water
which may be mude by treety or otherwise to the United States of
Mexico, but i, as provided in paragraph (¢) of article 3 of the Colorado
River compact, 11 shall become necessary to supply, water to the
United States of Mexico from waters over and above the quantities
which sre surplus as defined by said compact, then the State of
Cal:fornie shall and will mutually agree with the State of Arizone to
supply, out of the mmin stream of the Colorade River, one-half of
any deficiency which must be supplied to Mexico by the lower basin.

(4" That the State of Califormia, shell and will further mutually
agree with the States of Anizons and Nevada thal none of seid thres
States shall withhold water and none shall uire the delivery of
water which cen not reasonably be applied to domestic and agneul-
turnl uses,

(£) That all of the provisions of said tri-State spreemeont shall be
subject in all particulars to the provieions of the Colorade Iiver
compact.

(7) Said agreement to take effect upon the ratification of the Colo-
I'-l{]L"dElTBI' compact by Armzona, California and Nevada. (Par. (&),
soe, 4.

And further providea that the three States may enter into any
compact, or any two thersof mar enter into any compact, subject
to further approval of Congress.  (Par. (b) sec, 8.

26. That general and uniform regulations shall be prescribed by
the Soccretary of the Interior for awarding contrects and for the re-
newal of contracts, and providing that no contracts shall be of loneer
duretion than 50 years. (Sec. 5.)

27. That any dispute or disagreement as to the fulfillment ~f any
contraclh mede undar this act, shall be detarmined =ithar by arbitra-
tion or court proceading.  [(Par. (a) sec. 5.0 ‘

28, That contracts for use of power shall be made with responsible
applicants, who will pay the price set by the Secretary, with a view
ITHJ\IEEEHP:;‘ the revenue requirements provided for in this act. (Par.
¢l soe. A,

28, That in ease of conflicting applientions for the purchase of
nower and water, that the Secretary of the Intarior shall determine
the matter in conformity with the policy expressed in the Celorado
River pact as to confllicting contracte for water and power righte
prpfrn:rj.cn bring ['u-g‘: myven to a Stata,  (Par. (0) sec. 3.0 '
;3I'I' That the preference shall be gmiven to a State for the purchase
ol power within six months after the Secretary of the Interior has
given notice, provided, however, that time shall ba Fiven for a State
to arrapge for bond issuea for payment.  (Par. (c) sez. 5.)

31. That any agency receiving a contract for electrieal EneTTyY

wvalent to 100, (M) horsepower may be required by the Secretarv
of the Interior, if deemed feasible, to allow any other agency having
contracta for less than 25 000 horsepower to participats in the bensfiis
and to use any main transmisaion line constructed for carryving sich
energy, upon payment of A reasonable share of the cost of constrie-
tion, operation, and maintenance. (Par. (d) sec. 5.)
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42 That the Federal Power Commission s bereby dirccted not
to issue or approve any permits under tho Federal water power act
upon the ﬂﬁ&:nrndn River or any of ita tributanes, except the Gila
River, in the Coloradoe River Dasin, until this act <hall become
effoctive. [Sec. 5.) ’

a5, That the United States in eonstructing, managing, and oper-
ating the project under this sct, shall be subject to, ..ad controiled
by the terms of any compact between the States of Arizona, Colo-
rado, and Nevada, or any two thoreof. (Par. (b} sec. 8.}

34. That all persons who have served in the United States Army
during the wars with Germany, Spain, or the insurrection in the
Fhilppines shall have fersnce, for three months, to the nght of
entry into snv public lands thrown open by the Secretary of the
Igtenor.  (See. 9.}

35. That, as {ar as procticeble, preference shall be given to persons
serving in the war with Germany, Spain, or the insurrection in the
Fhilippines, in all construction work authorized by this act. e, 9.

35, That the Secretary of the Interior is suthorized to investigate
the feasibility and' determine the boundanes of the reclametion
E‘m]wt known as the*" Parker-Gila Valiey reclamation project” in

rizona, and determine the most femsibla method of irmgetion of
these lands,  [(Sec. 11.) .

37. That the Secretary of tha Interior is authorized and directed
‘Lo make investigation and public reports of the feasible projects for
irrgation, and sites for power projects in the States of New Mex-
ico, Colorado, Wyoming, Utah, Arizona, and Nevada, (See. 15)

38, The Secretacy of the Intsrior may, at his discretion, lease the
use of the water for generating power, deliver power at the swilch-
Loard, or build and lease the power plante. (Sec. 6.)

The {ollowing recommendations were submitted to the Senate
Chmumnittee on Reclamation: and- [rmgation, January 20, 1928, by
thg Nevads-Colorado River Commission:

1. “Thet Ncvada and Arizona should benefit from the mﬁiﬂi
development, stlénst, to theextent that they would bencfit if developed
by private eapital, seeond only to Government payments and any
reasonable reserve, '

2. That the power be not sold as low as the repayments to the Gov-
ernment wiil permit, but should be sold at a compeutive ﬁiurt
somparable with the cost of power availahle elsewhere for these
markets,

3. That arrangements be made {or the sale of the pewer, 2o that
fair ofTers may be had, and that legitimate bidders be not handicapped.

4. Thst suitable readjustment periods be arranged for power
charges per kilowatt-hour and alse for the proper charges for other
servaice rendered,

5. That proper charges be made for other service rendered, flood
contral, =it contrel, irngation water stotage, and domostic water
STOrREe, :

G. That the States shall have the night to withdraw, upon proper
notice, crrinm blocks of power, to be used within their own States,

7. That a board be arranped for, from the three lower States W
p=sist ‘he Secretary of the Interor, or any agency supervising the
salt: of the power and other serviee rendered, in an advisory capacity
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tn fix the proper charge per kidowatt-hour and proper cherges for
nther serviee rendered.

5. That an attempt he made to equalize, in some manner, bnfweern
the three States the benefits from reclamation financing,

5 That after Covernment advancement ia entirely repaid, the
henefits from this development accrue to the States,

It will be seen that the first eight of the nme recommendations &re
ineluded in the bill as passed, nooe of which were included in the
original bill; these recommendations are found in the Nevada-Coloredo
River Commission’s report, " Colorado River Power and Water Sat-
|'.f" of Januery 1, 1928, and printed in the Congressional Hecord
of April, 1925, S

If the power generated by this comstruction is dmsposed of on a
competitive basis in the market, by the Secretary of the Interior, 3714
per cent of the net recurns over the payments due the Government
should provide peyments to Nevada and Anzona, at least equel to
the amount they would receive from the project through taxes, if
developed by private capital.

THE BOULDER CANYON PROJECT ACT

TIMFE OF CONBTAUCTION

The Boulder Canyon project act providas thet nn work shall he
borpun within sux monthe of the l'Fllt-f." of ils pessaTe, unless T-_h'“
Colorado River compact shall be ratified by the seven States of the
basii, buioai it shall ﬁn ratified by six States and the water imitation
accepted by California through legislative act of that Stele, work
mayv proceed after ‘hat period of time; both of these conditions have
been met 10 liea of & seven-State compact; the act, then, becomes
cffect:ve when the President by proclamation eo declares.

DARIS OF ACT

The theory of the Boulder Canyar: projeet act as finally prased jan-t
onlv 1o retirn the Government investment, dunng a speciiied amort-
ration period, but to afford a reasonable return to the States in Lieu
of texes, 1f the economic set-up justifies suc,. nayment after the power
developed and the water stored, has been sold on an squitable besia,

The principle has been ecinblished and is continued 1n this act,
that if the Government does take a natural resource from a State or
States, for a public purpose, and they do make money over and abova
any investment the Government may have made in the transaction,
then the States are allowed to benefit. Presumably in lieu of the
taxes they would have received if it had been developed by privata
cerit=l This is evidenced by the forest reserve and the oifnnd fos
leasing nets, where sales are made for what the commodity s worth.

FOWER HEY"NTER

The power situation is handled in the bill by stating that Nevada
and Arizona are each to receive 18Y per cent of any money received
in excess of the payments due the Government, end providing that
the power shall be seld at & price that the ‘'Secretary of the Interior
may find to be justified by competitive conditions at the distributin
points,” and that no water shall be used except by contracts wi
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the Secretary of the Interior as provided, and by providing for an
advisary boapd made up of one member from cach of the seven Stotes
to advise with thp Seeretary in fixing the sale price for power and water
and earrving out other provisions of the act, and provides further
that after the Governmment ia repaid that a fund be estabhshed ta be
expoenied m the Coloradn River Basin ae Congress may direct, thue
leaving [he disposition of the projeet after the Government is repaid,
for Iator congressional action.

STATES FREFEREXCE TO FURCHASZE PFOWEN

The act provides for the States ‘' preference to purchacs ' the power
dovelopad, “for vee in the State.” Suech prefersnee must, however,
ha exercised within six months following the call for bids, by the
Seeretary of the Interior, the purchaser must then give the Govern-
ment whatever assurance it may require that the power will be taken
when ready for delivery, but approximately six wvears will lapee
beflore such delivery ean be made and during that peniod no payments
will be required. This is supposed to be 1n addition to the regular
Federal Power Commussion preference

It. e understood that Nevada, Californin, and Anzona may each
“exercise the “preference to purchass” upon one-third of the total
amount of power developed at the 1l.u'-i..r-nvr which may be offered by
any private corporation or municipality at the switchboard. There
will be 550,000 firm horsepower developad, and in addition whatever
additional power that may be dm‘:::l)ed pending full irngation
development above. This power if 1 in the victnity of the dam
should cost not to pxceed from 2 to 2.5 mills per kilowatt-hour with
no transmission hazard, where it is estimated that transmizsion and
“steam standby” service would bring the cost up an additional 2
mills at least in the Califormia power market.

UPPER MASIN BENEFITS

1. Water supply sufficient for all irmigable lends @ reserved in
perpetuity. o _

2. Survays and investigations are to proceed immediately when
the act 13 effective to determine feasible projects and money appro-
priated therefor. _

3. Alter the Covernmaont is repaid as provided in the act, and aflter
the $25000,000 8 repaid frem the G2Y% per cent of the net profit,
the money to romain in a special fund to be expended in the Colo-
racdo Rivor Besin States, a1 Congress may direet, dispasition of proj-
ect after the Government is repaid is laft for further Congressional
action, .

WRIIONA PENEFITH

1. Floed control in Yuma imigation projest,

2. Silt eomtrol in Yumes imigation project. :

3. Two millier: eight hundred thousand acre-fest of water in per-
Etuity, in ease of tri-State agreement, conforming to section 4 of

o AGk,

4. Exclusive beneficial use of Gila River, in cese of tri-State agree-
ment, eonforming to section 4 of tha aet.

5. Surveys and investigations to detormine foasibility of Parker-
Gila Valley projeat.
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f,. Eighteen three-fourths per cent of wll money received in cxocrs
of the payments due the Gevernment.
7. " Preferonce to purchase’ power for use in the Stats,
8, Reservoir to store water for irrieation,

CALIVOIRYIA NENEFITH

. Flood control in Imperial Valley,
. Silt control in Imperial Vallay

2 e

3. Water for irrigation end poteble purposes in Imperial and
Coachells Valloys, without charge. ‘

4. All-American canal, by repaving the Government its total cost.

5. Water for southern California citiee by paying for it as provided.

&. Power for ues in the State by paying for it as already set up.

7. Reservoir to store water for above purposes,

2. Preference to purchase power for use in the State.

NEVADA BENEFITE

1. Three hundred thoussnd acre-feet of water for irrigation and
potable purposes if agrecment ® entercd into in accordence with
section 4 of ect,

2. ‘“Preference of purchase'’ power for use in the State,

3. Survevs rod investigations to determine feasible projecta,

4. 18% per cant of all money received in excess of the payments
due the Govermment. '

5. Hesorvoir to store water for irrgation.

FLOOD ANWD AILT PROTESTION

Flood and silt protection in the Imperia]l Valloy in Californis and
the Yuma irrication project in Arizona present wery real and semous
diffienlticz. ‘There would bs & tremendous property lose if the Celo-
rado Hiver broke through the levees into the Salton Sea or into the
Yuma distriet. Hundreds of thousands of dollars are expenced
annually in flood protection and work occasioned by the deposits of
=t in these valleys, Thae silt problem would not be solved at onea
but would greduslly improve. Five million rere-fect capacity bos
been reservad for edt eonirel in the reservoir. Thiz gmaumnt, it is
estimated, would be deposited in the reservoir in 50 years, or duriez
the amortization period; then it would be another 50 years or mora
before the capacity would become seriously impaired.

UPPER AND LOWER BASINE DIVIDE WATER IN JOMPTACT

Approxunately one-half of the waters of the Colorado River, ar
7,008,000 acre-feet, 13 definitaly reserved for use in the upper hesin
on & consumptive basia and s like amonnt ja alloeated to the lower
besin togethoer with 1,000,000 gere-foet of any exeess over the 15,000,
900 scro-foet that :oay be available,

EEVEN-STATE COMPACT

If a seven-Slate compact is had, it means that the three lower basin
States definitely limit themselves to the amount given them by the
Colorado River compact, thus protecting the upper basin water sup-
ply in perpetuity. '
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BIX-5TATE COMPACT

The (j'it:l!':Tn-&a of the United Staies apgmrrnﬂ_\’ s ot nf-f.l‘ll.‘ljﬂ
Lo it oy Steie's water supply withont thet State's eonsent in the
set-up of the six-Stete compact, Cal:fornia = the only one Limited
under this pact, and 1t is definitely =et out that before the act be-
comed oflective under this arranpement, Califorma must consent to
auch Iimitntion by lepislative nction, No attempt 2 made to Jimit
l"iIEI{'F _."_l.]'i.j-'.l"lrlul'l ar E-:‘.rur]n; I'H"I'_I'-:'I"'. we pmnm :‘I!i\':.‘l’_‘i:l ne ]""I_..H":I'I“'i [J]F r1r ..I:l1f|.|'.l'“'
Aphis is violated, the whole obpeet of cither o oseven or a =ix State
compret being to reserve theie friv sheee of wrter i E“‘;_‘E_T““T-"iL.‘-' tn the
States whpre development will neceszanly be slow. e California
Legismture haz mecepted the definite limitetion referrad to above, and.
Utah haz eptered the six-State compact, by actton of 1te 1920 jpogis-
laturs, therefora the Boulder Canvon project aet bacomes effeclive
on proclamation by the President aftee June 21, 1929, r2 provided 1n
the aet, Utah being the sixth State toadopt the six-State compact.

DUTY OF WATLER, UFPEI ‘D LOWER BARINS

The consumptive duty of water in ‘e upper-hasin States 13 from
145 to 14 sere-feet per acre, then witl. F.500,000 acre-feat, the upper
basin will be able to irngate approximately 5,500,000 acres, while the
lower basin with their 8,500,000 acre-fect {providing there 13 1,000 000
acre-feat surplus) conld only irgate speproximately 2,850,000 acres,
using the total smounta for irrigation o nd none for domestic supply,
since the consumptive duty of water i the lower basin is approx-
mately 3 acre-fect nverage,

. COMTROL OF UNAPPROI pATED WATERS

The question of State versue Federzl control of unappropnated
water has never been decided by the Supreme Court of the United
Statea, and we are adviesd that none of the prnciples are involved
in thie act, as it is set-up, that no State is limited in its appropration
and use of water sxcapt by its consent and that the navigation and
flocd contro! featurs without.question gives Congress the nght to
build the dam, or any other works ‘¢¢ that purpose, navigation is
Jmerftioned as one of the reasons for 1+ construction.

LEGIALATION EBAENTIALL A COMFROMISE

It & realized that the legislation ge finally pazeed w not perfect,
but all legislation where the interests of a large npumber of States of
individuals are coneemed 8 of course essentially a compromize, rnd
this has been broncht about after the Congress of the United States
has heard all aides of the question.  Te o important part of it 13 that
according to enpineers {amilier with the conditions, the water supply
of the States where development will ke slow is protected by either a
81X 0F seven State compaet ms provides (o the eet, and a divimon of the
benefits from the project has been mace among the lower basin States
by Congresa after a six-vear review of he subject.

Thers may be a tendency for persoss not familiar with the history
and entire set-up of the legislation s« insily passed to suspect that
the full benefit may not be had for b's particular State, but if the
States were to siart again with new commissions representing them
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rnd 1o legisiation pessed, aiter the commissions hed cach set-up thewr
clainis, and they had met and discussec the question thorou hiy, it
is quite certain that sfter & period of years the Conpress of the United
Binles ‘HULlli{ !t'i_"l'l.jﬂ "-'-'Cll'k oul & compromiss add not ﬂﬂ-i_'!‘l..‘.li.].:l‘_l-' dufferont
from the present legislation. The lower Dasin Stetes ara @ '-'t_r}
authority to form a compact subject io the approval of Congress 1
PIANCNS ure made in the provisians lnidd down by Coneress in serfin
4 of the aect,
FEDURATL VERSUE STATL CONTROL

The CGovermment has no interest. whatever in e "=1T-pr:L1T'r
River eompaet, which divides the use of the welers of thet pver,
hetween the upper and lower basins, except that Conpress has mves
the intorested States authority to make a compact as provided L
the Constitution of the United States. The Statea of the upper
divimon then, Utah, Colorsdo, Wroming, and New Mexico, hy ren-
fring the compact, reiain their proportion of the water in pernatiniy,
where otherwise the water would continue to he appropriated mn
the order of beneficial uee. _

The met specifically savs in section 13, article B, that all of the
rights of the United Siates ehall be subject to and eontrolled by the
Coloradn River compaet, The question of State versus Federal
control of unappronristed water then apparently does not enter into
thiv development, =since the Government is already empowerec to
regulete naviration and liz: entered into flood control and the settle.
ment of international complieations and, further, section 14 of the act
specificelly gives the saven States authority to do whatever they will
with the nver, subject oniy to their own agréeement.

MEXICD

Weo are edvised that any water developed and made aveilable by
the United States could not be appropnated and held by Mexico,
that this iz a general international :Hm:r, under the comity of nations,
=0 it i not a metter of concern if they do use the stored waters before
our States are ready to use their richtful share. Such Mexican use
would be subject to American nghts, _

It is estimated by students of the problem that there will be enough
unallocated water under the compact o satis{ly Mexico's neods,
but even if there was no surplus, nothing could be pained by delar,
bermuse more appropriations are being mades and put to beneficial
nea in Mexico anc nothing but development in the United States will
prevent this bang done. .

“exieo has at this time, it ia estimaioed, sbout 200,000 or 225,000
aceeg in eultivation, and she may be allotted suflicient water for
this amount.

TAXING GOVERNHENT FPROPERTT

Vo are advised that Congress will not consent to the taxing of
Gaverrment property in this instance, nor allow payments to any
State shesd of, or on par with money due the Government, but U
there 1s an axcess above tha paymeats due the Government, 3714 per
cent may be paud to Arizona and Nevada precumably o lieu of
taxes taet would acerue if developed by private capital, Tha prece-
dent for this is {ound in the oil and pas leasing act, and lorest reserve
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act, under each of which revenue ta the Government 1s made subject.
o payment of & pereentago hereof to the Stale where ths property
is located, as compensation to the State frr loss of revenus hecanse
the property is exempt from taxation and such commedity i disposed
of on sn equitable competitive basis as provided for the disposal of
electrieal energy under this act

FLOOTL CONTROL, 25,000,000, BET ASIDE

Under an smendment originally intradueed by Senator Phipps of
Caloradn the $25 000,000 o control would have heen made non-
reimburanble, tha same s the Missisapp Haver lewul control appro-

rintion, but it had been contended from the start of the long Ilfght
or the project that it would be entirely sol{-supporting, hence severa
triends of the measure did not feel at liberty to sccept this amend-
ment. As a resuit, a compromise was reached making that amount
reimbursable from the net profit of the project. It would =eem from
the debate on this amendment that it was the intention of Congreas
that it should not hear interest and ia so interpreted by members of

the Senate commitier.
DISTRIBUTING POINTS OR COMPETITIVE CENTERS

The question aas been raised as to just what i meant by “competi-
tive conters” as ueed in connection with the regulation of the price
of power, relating to readjustment periods mentioned in paragraph (a)
of section 5 of this act.

The best explanation of the meaning as intended by Tongress is.
found in the report of the Committee on lrrgation and Ileclamation
made March 20, 1028, on this measure, known as Senate Report No.
592, Seventieth Congress, first session, viz:

The theory of this amendment 14 Lo keep the rates ss high ae ecanomic condi=
tiona will justifv, in order first, that the Government will repeive s money mb oo
o oarly date ma iile, secondly, that there will be cxcces peofite for 1he States of
“Arizons and Nevada! ard also, that the contractee will nol unmnecesaarily suffer
“in the event seoromic conditions would require s loweriug of rates.

AFTER GCOVERNMENT 18 REFAID

The Senate Comunittes on Irrigation and Reclunation discussed at
Jength the disposition of the project after the amertization and
dacided to defer this question, and [ater fix & policy that would apply
to sll projects of a sinilar nature.

DOMESTIC Off POTARLE WATER

[t is intended that reasonable and equitable charges be made for
the use of domestic or potable water outside of the Imperie] and Coa-
chells Villevs,

Section 5 of the et specifically save that “Contracts roapecting
water for irmzation and demestic use ehali conform to section 4 of this
act. No person shall hate or be entitled to have the ves for any

U TP nnh:- water stored as aforesard except br contract mede as.
reifi statedd.”

Section 4 of tha art says “ Before any money ia appropriated for

,the conetruction of said dam or power plant, * * * the Secretary
of the Interior%he!l make provmion for revenues. hy eantract, in mo-

1
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cordance with the provisions of this aet, adequate in his jrelgment,’
ete

Section 5 of the act further says, “The Sacretary of the Interior is
heroby anthorized * * * to contract for the storage of water 1n
agid Fosorvorr nnd for the delivery thereof * * * for irrigation
and domestic 1ea * *  *  upon charges that will provide ravenue
which * * * will in his judgmest cover all expenses,” ete.

Section 4 of the act {nrthor says, with reference to contracts for
clactrical enerpy that “contracts * * % shall bo made with &
view to abtainme reasonahle returns,” ete, and contamns a provision
for road justable periwds on this itormn s that the highest reasaneblo
reranr. snny b obitained without possihle injury te Lo purchaser
eontraciine over A eortan period of time.

The entirs set-up of the act indieates that water must be soid exeept
whers otherwisn provided and ths retums added io the amounts
realized from the sslo of electrical energy and the totsl retumns to oe
used in repaving the Government the initiel cost over a period of 50
vears, with intercst cxcopt s otherwise provided, together with
operation, maintenance, ete, and any money roceived nhove the
gmount necded to most the above charges to he applied te the
food control itam of 525,000,000 and & fund to shorten the amortiza-
tion period, and 37% per cent of such amount received to be paid ta
the Stetes of Arizona and Nevada as provided in paragraph (b)
sretion 4 of the act,

CONSTRUCTION ESTIMATES

The Colorado Wiver Board, appointed by the Secretary of the
Tnterior and approved by ‘he President of the United States, revised
the setimates of the Bureau of Reclamation as follows: Dain, 550 {eet
hizh, from $41,300,000 to $70,600,000; power plant, 1,000,000 horse-
power installation, from: $31,500,000 to §38,200,000; all-American censl
from Laguna Dam to connect with distrbution system of Imperiel
Valley, & distance of 75 miles, from $31,000,000 to $38,500,000;
interest during construetion for a period of 7 instead of 10 vears,
$21.000,000 Lo $17,700,000.

] o bsa] Imiberant
[N

oot

o L T S 175,100, 00
Fowar pean!, 100000 horsep reer (motadbed oRPRoily. ... covnnn e me e nanies X, ), o) 47 B0, 0.
Al-Ammacioum cumal, 75 ks 1A B, .. ene s s s a i n e e s nsinan e, M, N1 (e
Indecest during comatricilon (o= icnated T TR ool iiianer e ne ai B L LY

[ -

RECOMMENDATIONS OF THE BOARD

1. That the project iz feasible.
2. That Black Canvon it the best location.

3. That the all-Amercan canal should not be paid for out of power
Him%r"b flood control and water stored {or oth rpossa should
- Tha and water stored for other pn shot

ba charesd for accoramg to bonelits. P
5. Thet the whole set-up would then be financialiy feasible.
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DM

A darn, 550 feet in height with & capacity of 28 000 00 gere-fest | 870 £00, (00

Twenty-five million dollars has been sat pside for fleod control,
providing that this amount is not replaced during the amortization
pt'ri-:y-i, thereafter to be replaced from the 6214 per cent of the net
CATTINES.

POWER PLANT

A powsr plant of 1,000,000 horsepomer installed capacity. .. __.. $35, 200, 000

The act provides that the Secretary of the Interior may in his
discrelion enter into contracts, viz:

. Deliver powar at the switchboard, which would mean Govern-
ment built and oparated pawer plants.

2. Loase the powor units built by the Government, to be used in
the peneration of electrical energy after construction by the Govern-
ment,

3. Lanse of the water stored for wse in the goneration of electrical
energy, which would mean privately built power plants,

This optional clause wad inserted to give the Secretary of the In-
lenoT greaier Intitude in the construction of the power planis, so
that the maximum econonty could be effected.

ALIL~AMERICAN CANAL

The all- American canal, 75 mibee {n length, oo . ... ... __.... %39, 200, 000

Authorizea the Secretary of the Interior to econstruct & canal
loented entiroly within the United States, connecting the Laguna
{[n;]n, or other suitable diversion dam with the Ir.perial and Ceachells

ellevs, . _

_ o ifically statos. that the canal or appurtenant structures shall
n paid for out of revanues derived from the sale ol power or [or
water M potable purpbses, but that the total cost of such construe-
tion shalFbe réimbursable*ss provided in the reclamation act.

The reciamatian e provides that all meoners, expended, must first
be underwntten by the lands benefitted prior to sterting construe-
tion, and that there are no interest charges. The act provides that
thers shall be no other charge made to Imperial and Coachells
Vulleys for the storage of water for irrigatioh or potable nurposes;
this iz interproted to mean that no charge is made for storage, but
they must pay all costs ncidont tn EM:EE and portinent structures.

TRANABMIRATON LINES

The tranemission line, 300 milea in Jengtho . oL . ..o ooo... 250, 000, 0G0

Certein agencies have already oflered firm contracts for the pur-
chase of the rower output suificient to insura the success of the
roject, and, in addition, construct thur own transmission line.
Phis 1tomn s not mentioned in the bill, and will be constructed by
the agency purchesing the power for distribution, for further infor-
mation on transmission [ines, see " Wevymouth report” and "' Lowar
Colorado River power and water s:t.-‘.tg.:ch,r Gaorge W. Malone,
submitted to the Senate Committes on lamation end Irmgation,
Jenuary 20, 1928,
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AQUEDCST FORL WATER ETUPPLY TO SOTTEERN CALIFORMNIA CITIES

It is proposed to construct mn squeduet {rom the Colorado River
to the Southemn California cities, w0 provide rdditional domesis
water for that area: the exact point of diversion {rom the rive- is
yet to be determined. -

Preiiminary estimates have heen made for an squeduct about
240 miles long, costing apprommately $200,000,000; this axpenditire
m in no wav connectsd with the Bouldsr Dam act, but will be
financed entiraly by the cities receiving the water.

It is 11rup|:rse(ftﬂ divert 1,500 second-feet in this manner, making =
total of approxmately 1,100,000 scre-fect per year for domestio us)
in that area

The water must be lifted approximataly 1,400 feet over the divide
between Cosechelln and Riverside Valleys, and 1f 18 estimated by toe
ngineers for the Department of Water and Power of Los Angeles
that 1t will require about 300,000 horsepower of clectrical enerey {or
thiz 1tem,

FUEL COSTS AMD RELATION T RTEAM-ELECTRIC POWER

Fuel coste ar very uncertain, and are the most important variahle
frctor in the steam—electne power set-up.

The sounthwestern market is at this time coatrolled by the oil
supply, the legitimate price of whieh is approximately $1 per barrel,
and in tha judgment of men who have studied the fuel situstion, coal
- will begin gradually taking the place of il in & comparatively short
time, and that the change will come rapidly when the coet of il
resches $1.30 to $1.40 per barrel.  Utah is probably the most favored
eoal supply.

Conl awpply
M, fu, g sl
Colorado. L e ieooo... 12 800-13, 800
L § W13 5 £ s
AlRakm. i iiiicicccncesaeaea 13, 17614, BOO
Yaoeouwer Jaland e eiienea. 11 10:0-13, 400

pulverizing machinery, ete,

Due to the limited ol fields near these power marketa the fuel cost
will stabilize near the turning peint from oil to coal which is apparently
about §1.30 per barrel of oil, -

It will be noted from the tables given on page 54, that $0.25 Qif-
ference in cost per barrel of oil is equal to approximately 0.54 mills
per kilowstl-hour so that it is concluded that the ineresso in fuol
prives will at least oifset anv reduction in costs, thal it is possibla to
make within the next few yours,

Ther *_ Lf barrels of ool to tons of coal is approximately 4 to 1,

To utilize coal in these markets will require large storage facilities,

BTAND=-BT BTEAM FOWER FOR USE IN CONNECTION WITH BOULDER POWER

- Conelusions of anginesrs Eppear to vary somewhat as to the noces-
sity for steam stand-by serviee in connection with Boulder Canvon
power delivered into “the power market, m idle plants to
take up the load in case of failure of regular sarvice: enginears in
the employ of the California-Colorado eommission, m.’lud:ih,.g Ww. T
Durand, member of the Sscretary’s {aot-finding commission, who
95888, Doe 188 70-0—8 ; I
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has becn employed by Los Angelea for some time, hold that idle
steain stand-by service is necessary to the extent of approximately
0.5 mill, but our engineers favored the conclusion of the Government
in this matter, as shown in the Weymouth report, that as very
little if any stand-by service was directly chageable to Boulder
Canyon power, 0.2 mill would be the maximum for the following
IBASONS |

1. Due to the all-western hook-up that will no doubt obtain at
that tire, and, in fact, doea now to a certain extent.

2 Transmission lines on & 6-line basia of 200,000 horsepower
capacity sach, means one extra line when running full capacity, and
with & nossible overload to 240,000 horsepower each, would mean
that four linss will carry 960,000 horsepower, which would practi-
celly mean the pesk load, leaving two extra lines available, and no
difficultv is anticipated in switching from one line to another in case
of trouble.

3. It will require approximately 390,000 horsepower to pump 1,500
second-feet, or 1,000,000 acro-feet per year of domestic water over
the divide; a total lift of approximately 1,400 feet; this will mean &
substantial decrepse in the distance that over one-half of the 550,000

‘firm horsepower *developed at Boulder Dam must be transmitted,
and in addition by the aid of small storage reservoirs which e
already largely constructed near Los Angeles, it can be so arranged
that an interruption of this service erill not be serious, thus entirely
obviating nesd for stand-by service on mors then one-half of the total

supply.

irp {;fil.h 550,000 firm horsepower it is not anticipated thet the load
will be shove 700,000 horsepower over 35 per cent.of the time, and
not over 500,000 horsepower over 10 per cant of the time; therelore
except during short periods of peak loading, thres extra lines would
be available in case of trouble. )

5. Tha increase in the use of power in the availabls markets s at
the rate of approximately 150,000 installed horsepower per year;
therafore, only at the end of the absorption period would the balance
of hydroelectric and steam electric power be top-heavy i favor of
hydroelectric.: It is contemplated that approximately 1,000,000
horsepower of steam electric ‘.Hﬁwe-r will ba constructed during the

riod of constructicn of Boulder Dam, so the balunce will in

avor of steam power until practically the end of the absorption
period. Then when all of the Boulder power is in use, more steam
slectric will be genorated and again gaining the sconomic balance of
approximately 20 cent steam and 80 per cent hydro, making mora
stenm power available, which, with possible overload, will in part
gel as stand-by in addition to extra transmission lines; and after the
sbsgrption period the belance will swing back to steam, until further

hydroelectric power 18 brought in.
BOURCE OF ADDITIONAL REVENUE

1. Flood control.

2. Silt control, _

3. Water for irrigation.

4. Water for domestic uss,

Five hundred thousand dollars is reported to be the amount
expended annually upon levee construction and repairs, Of this
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amount, the greater part could be diverted toward thn construction
cost of the proposed éjam with no grester asscssment. Flood Eﬂr‘.!._-::!
would el=o remove & mensce which at this time mzkes jand veiues in
the Imperial Valley extremely unetable, mtarest rates are nirh, and
there is no demend for the lends. _ _

Five hunidred thousand dollars is axpendad annually in removing
silt from ditches and cenals; the problem will not be entirely elimi-
natad at once, but after the propossd eonstruction ia completed it will
immediately decrease, and, as the silt already deposited is worked
aver, will gradually adjust itself, A considershle portion of this
amount could be applied to the silt-control storege, with no further
assesament on the lands,

Irrigation storage will stabilize the water supply for the leads now
under cultivation and bring in approximately 300,000 acres adei-
tional. This will eliminate 1t;mmp1.n;: on some of these lands and
furbish & gravity svatem. If this land slone could etand §40 per
acre, it would mean an additional sum of over $500,000 snnuelly
from this source, Wncluding interest.

Domestic storage will furnish 1,000,000 acre-feet of water for
southern Cahfornia citisa at an sstimatad cost of $19.50 per acre-foot.
This 18 where & considerable amount of the Boulder Canyon power
will be used to pump it over the divide. Water for imgation 1s pow
costing from two to nearly three times the estimated cost, so that an
additional charge of 32 per acra-foot should not be unduly burden-
some, and that conmdering t;i;dp-r-.r rapita nse in southern California
cilies of 150 gl.]lnﬂ:. per day, that there are nearly 326,000 gallons
in 1 acre-foot, that $2 per acre-foot which would be added to the
water account of 72 peaple per month would be hardiv noticeabls;
$2,000,000 would be added to the revenue from thi source alone,

This would make a total of $3,500,000 from the four sources men-
tioned above, entirely aside from returns on the power, which is not
unreasonable when the savings are effected as outlined above.

Mr. Lester S, Ready, former chiol enginesr of the California Radl-
rond Commission, and now in the employ of the California-Colorade
River Commission, in a report to some of his California constitoents
m August, 1927, recommendad that the service rendered in stonng
the irngation silt and domestic water by the proposed construction
may be worth up to $2,800,000. Ever this amount would mean
that the all-American canal, costing a total of $2,250,000 per year,
wiild be carmied, and $550,000 additional, or about $0.5) per acre-foot
on domestic water, considenng the all-American canal of $2,250,000
carried by the benefits from flood control, silt, and storage for irmga-
tion, and would mean a delivery of the Boulder Canyon power into
the power market at well under 3 mills—as agrinst 4.89 milis for
steaim elecinic power.,

Quoting Mr. Ready further, from his August, 1927, report, he
finds that the annual operating cost of the dam, power plant, and
all-Arnerican canal, including interest and mmortization payments, is
$7,515,000, which is slightly under our own conciusions, and that s
2.5-mll charge at the switchboard will probably be justified, and
at that rate the return would be $9,000,000 and, with $2,000,000
from all other sources, instead of $2,800,000, would make $11,000,000
annual income, as inat §7,615,000 annual outlay, lsaving
$3 468,000 annual s us, and t.ﬁlt 8 Z-mill charge at the swilch-
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board on the same basis would leave $1 885,000 annual surplus—this
on A bams of a 40-vear amortization period.

This surplus, he concludes, could ba used to retire the investmant
under the 40-vear penod, or lower the rate for power to the con-
sumers, and finds further that the coat of the dam enuld ba doubled
and the project still be fenmble.

EAQUITALENTA

WATER

One sero-foot of water is that quantity that will cover an aren of 1
acre 1 foot deep, e T

One second-foot flowing continuously 24 hours equals 1.98 or ap-
proximately 2 acre-{eat,

One second-foot of water equals 1 eubic foot of water passing a
given point every second, equals 7.48 gallons per second, equals
448 85 gallons per minute,

Omne scre-foot equals 325,850 gallons, or 43,560 cubic feet.

FOWER

One second-foot falling 8:81 fect equals 1 hormsepower, 100 per cent
afbciency.

One second-foot falling 11 feet equals 1 horsepower (h. p.) 80 per
cent efficiency (commonly usad for satumating purposes).

Losd-factor i3 the ratio of the average power to the peak power,

Une b, po (horsepowaer) equals 0.75 kilowatt.

Une kw. equals 1,004 watts.

Firm h. p. aquals installed h, p. multiplied by the load factor.

3,600,000,000 k“'hiuﬁu.l! 1,000, (H) :'Il!t-l.llad}h. p. or 550,000 firm
h. p. on §5 per cent fmctor,

‘hanever s charge of mills per kilowatt-hour is mentioned in the
report, it mesns mills per kilowatt-hour on 3,600,000,000 kilowatt-
hours per year; $500,000 sdditional income equals 0.14 mills per
kilowatt-hour on 3,600,000,000 kilowatt-hours per year in this 3!'.-—‘3.

One mill par kilowatt-bour on 3,600,000,000 kilowsti-hours equals
33,600,000 per year.
One mill equals one-tenth of 1 cent.

I

COLORADO RIVER COMPACT

The States of Arirona, California, Colorado, Nevads, New Mexico,
Utah, and Wyoming, having resolved to enter into a compact under
the act of the Congregs of the United States of America approved
Auguet 10, 1021 (42 Stat. L., p. 1713, and the acts of the egiala-
tures of the said States, have through their governors appointed as
their commissioners: = - SN

W. 5. Norviel for the Stata of Arirona:

W. F. M¢Clure for the State of Califoinia;

Dalph 12, Carpenter for the State of Colorado;

J. G, Berugham for the State of Nevada:

- Staghm‘ B. Davis, jr., for the State of New Maxico:

R. E. Caldwall for the State of Utah: :

‘Frank C. Emerson for the State of ?'f‘}'ﬂming;
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who, after negotiations participated in by Herbart Hoover appointed
by the President ns ther resantative of the United States of Amenca,

have sgreed upon the foliowing articles:
ARTICLE I

Tha major purposes of this compact are to provide for the equitable
divieinz and apportionment of the use of the waters of the Colorade
Hive: syatern: to establish the relative importanee of diffarent bene-
feinl uses of water; to promote interstata comity; o Iemnove Chilises
of prossnt end future controversies; apd to secure the expeditious

enltural and industrial development of the Colorade River Desrn,
ﬁuw of ita waters and the protection of Lifs and property {rom
floods. ﬂg‘; thess ends the Colorado River Basin is divided inio
two basins, and an apportionment of the use of part of the waler of
the Colorado River cystem is made to sach of them with tis provision
that further aquitable apportionments may be made.

ARTICLE TIL

As usad in this compacti—

Eﬂ The term “Colorade River aystam’ means that poriion of the
Colorado River and its tributaries within the United States oi
Amarica. .

() The term *‘Colorado River Dasin” means all of the drainage
area of the Colorado Iiver sysiem and all other hrnf.ur[: within the
United Statea of America 0 which the waters of the Colorado Hiver
aysterm shall be beneficially applied.

C{&c} The term “States of the upper division' means the States of
orado, New Mexico, Utah, apd Wyoming.

(d} The tarm "States of the lower division” means the States of
Arzona, Californis, and Nevads. )

(e tarm ' Lees Ferry " maans a paint in the main stream of the
Colorado River 1 mila below the mouth of the Fana Kiver.

(f) The term "upper bagin” moans those parts of the States of
Anzona, Colorado, New Mexico, Utah, and Wyoming within and
from which waters naturally drain into the Coloredo luver system
above Less Farry, and also all parts of said States located without
the drainage ares of the Colorado River system which are now or
shall hereafter be beneficially served by waters diverted from the
system above Leea Ferry.

() The term “lower basin'' means thoso parts of the Siates of
Arizona, California, Nevads, New Mexico, Utah within and from
which waters naturslly drain into the Calorado River system below
Loes Ferry, and also all parts of said States located without the drnin-
sgo area of the Colorado River system which are now or shall hers-

:ar}l:a beneficially served by waters diverted [rom the systemn below
Lees Forry. .

(A) The term “domestic use” shall include the use of water for
kouscheld, stock, municipal, mining, milling, industnigl, and other
like purposes, but shall axclude the generation of electrical power.

L1
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ARTICLE TIT

(@) There is hereby appertioned from the Celorado River =ystem
in porpetaity to the upper hasin and to the lower basin respectively
the exelusive beneficial consumptive usa of 7,500,000 acre-icet of
water per annum, which shall include sll water pecessary for the :upply
of auy rights which may pow exist.

(4) In addition to the apportionment in paragraph (a), the lower
basit is hershy given the nght to increase its beneficial consumptive
use of such watars by 1,000,000 acre-leal per annum.

(e) If, as & matter of international comity, the United States of
Ameries shall heresfter recognize in the United States of Mexco any
right to the use of any weters of the Colorado River system, suc
waters shall ba supplied first from the waters which are surpius over
and above the aggregste of the quantities specified in paragraphs
(@) and (3): and if such surplus shall prove insufficient for this pur-
pose. then, the burden of such deficiency shall be equally borne by
the upper basin and the lower basin, end whenever necessary the
States of the upper division shall deliver at Lee Ferry water to supp'y
one-half of-the deficiency s recognized in sddition to that proviced
17 pnrngrtph ().

(d) The States of the upper division wili not cause the flow of the
river at Laes Ferry to be depleted helow an aggregate of 75,000,000
acre-fect for any period of 10 consecutive yoars reckoned in continuing
]‘lmE‘.‘f‘:ﬂ‘ﬂTE series beginning with the st day of October next suc-
coeding the ratification of this cotnpact.

{¢) The States of the uppar division shall net withhold water, and
the Stutes of the lawer division shall not reghire the delivery of water
whirs can not remsenably be applied to domestic and tgl'it:ult.'.trli-
usne

(f' Further e"ﬁuiuhh apportionment of the beneficial uses of the
water of the Colorado River system unapportioned by paragraphs.
o), (h), and T@ may be made in the manner provided in paragraph
(g) st any time alter October 1,.1043, if and when either basin shall
have reached its total beneficial consumptive uss as set out in para-
graphs (a) and (b) . _

{g) Tn the svent of a desire for a further apportionment as provided
in paragraph (f) an¥ two signatory States, acting through their
governors, mAY give joint notice of such desre to the povernors of
the other signatory States and to the President of the United States
of Americe, and it shall be the duty of the governors of the signator
States and of the President of the United States of America forthwith
to appoint represeniatives, whose duty it shall be to divide and
apporticn equitably between the upper basin and lower basin the
beneficial use of the unapportioned water of the Colorado River
systei as mentioned in paragraph (f), subject to the legislative
ratification of the signatory States and the Congress of tha Unitad
States of America.

ARTICLE IV

() Tnnsmuch as the Colorado River has ceased to be navigabla
for commerce and the ressrvation of its watans for navigation would
seriovsly limit the development of its basin, the use of ita waters for
purposcs of navigation shall be subservient to the uses of auch waters
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for d omesatic, epriceltursl, and power purpozes. I the Congress shall
not ~onsent Lo this parapraph, the ather prowisisns of this compss
ahal!l nevertheless remain binding. o
(b} Subjsct to the provisions of this compacs, water of tha Cn;vn:f.:-r
River systetn may be impounded and wsed for tne generatinn oo
alectriesl power, but such impounding and nzo shall he subservient to
the nse and copsumption of such water for agncultural and dometie
purposes and shall not interfers with or prevent use jor such dom.nent
UIPOSs,
’ E The provisions of this articlo shall not apply o or interfero
with the regulation and contrel by any State within its baunderes of
the appropnation, use, and distribution of walcer.

ARTICLE W

Tie chief official of each sgnatory State charged with the I'..E.'l.':_lirl-
istration of water oghts, together with the Director of the United
Siates Meclamnation Servies and the Director of the United Staros
Geologica! Survey shall coopernte, px-oflicio— o _

ia’ To promote the systemetic dotermination and coordination ol
the facts sz to Jow, aprropriation, eonsumption, and use of water
in the Colorade River Basin, snd the interchence of avsilabie
infornmaton in suth mattars. -

(87 To secura the ascertsinment and publieation of the ranual
flow of the Colersdo River at Lacs Farry.

(e} To perform apch other dutics as may bo nesigned by miutual
consent of the siznatorics from time to fime.

ARTICLE VI

Sheuld sny claim or controversy arse betweon any Lwo or moro
of the mipnatory States (o) with respoct to the waters of e Coloradoe
Hiver systam not coversd by the terma of thia compact; (3) over
tha meaning or parformance of any of the terms of this compact;
() as to the silocatiop of the hurc]:u incident 1o the performancs
of anv article of this compect or the delivery of walers as herein
provided; (d} ss to the construction or operation of works within
the Colorado River Besin to be situated in two ot more States, or
to ba conatructed in one Stats for the benefit of snother State; or
(e) ms 10 the diversion of water in one State for the beoefit of another
State; the governors of the States affected, upon the request of one
of them, shall forthwith appoint commissioners with power to con-
sider and cdjuse such claim or eontroversy, subject to ratification by
the lezisdlatures of the States so affectad.

Nothiag hercin contsined shall prevent the adjustment of any
such claim or controversy by any present method er by direet future
legialalive sction of the interested States.

ARTICLE ¥II

_Nothing in_this compact shall be consirued as affecting the obliga-
tions nf the United States of Amenca w Indian tnbes,
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ARTICLE YIII

Present perfected rights to the bencficial use of waters of the
Colorada Hiver systern are unimpaired by this compect, Whenover
storage capacity of 5,000,000 acre-feet shall have beern provided on
the main gﬂ-:l}ﬂdl} River within or for the benefit of the lower basin,
then claims of such rights, if any, by appropriators or users of water
in the lowsr besin against appropriators or users of water in the
upper basin ahall attach to and be satisfied from water that niay be
stored not in confliet with Article IIT. .

All other righta to bensticial use of waters of the Colorade Kiver
system shall be satisfied solely from the water apportioned to that
basin in which they are mtuate.

ARTICLE IX

Nothing in this compact shall be construed to himit or prevent any
State from instituting or maintaining any action or proceeding, legal
or equitabla, for the protection of any nght under this compact or
the enforcement of any of its provisions.

ARTICLE X

This eompact may be terminated at any time by the unanimous
agreemant of the signator¥ States. In the ovent of such termination
all righus ul.lh]ihqs under it shall continuwe unimpeired.

ARTICLE XTI

This compact shall become binding and nblitgntmj when it shall
have been :mﬂd by the l?l.l'l'rﬂ.'l‘ﬂ of each of the signatory States
and by the of the United States. Notice of approval by
the legalatures be given by the governor of each signatory Stata
w0 the governors of ths other signatory States and to the Fresident
of the ﬁ]n.-iud States, and the FPresident of the Unitad States w re-
questad to give notice to the governors of the mignatory States of
approval by the C of the United States.

n witness whereof the commissioners have signed this compact 1n
a single original, which shall be deposited in the archives of the De-

' partment of State of the United Statos of Amarics and of which a duly

cart.-iﬂgd copy shall be forwarded to the governor of each of the signa-
ta tates, .
one at the city of Santa Fe, Naw Maexico, this 24th day of Novem-

ber, A. D. 1922,
W. S, NorviEL.

W.F. McCrone.
Devrr E. CARPENTER.
J. G. ScruocmaM.
Steraexy B. Davia, Jr.
R. E. CALDWELL
Frawk C. Eusrson,
Approved.
) Hemnserr Hoovex.
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A REVIEW OF TIOE COLORADD RIVER COMPACT
By Deurm E. Canrzxter, of Colorado

It provides in substance as follows: . _

All ternitory within the Unitad States of America to whieh the waters
of the Colorada River nnd its tributaries ere or mey be heneficially
applied iz designated as '‘the Colorado River Basin." The drein-
ape aren of the river conmets of two great natural subdivimons, iz,
the upper region, loeatad above the bhead of the great cagyon, nd
the lower region, below the great canyon [including the termtory
drainad by the Gils, Little Colorado, and other lower tnbutariea),
Lees Perry 15 situsted at the head of the canyon,in the Stato of An-
zong, a {ew miles southerly from the intersection of the Colorado
River with the bound common t0 the States of Arizons and
Utah, and is the najural peint of demarcation between the upper
Tegion and the lower region.

All waters of the sntine miver uyuu:m witkin the u per :I‘t._g':,'i-l:rn
(ineluding those returning to the nver {rom imigated lands) unite
to form a single stream at [ees Farry, whare the flow may be meas-
ured and recorded.

The compact conforms to this natural division. The upper region,
plus all Innds ontside the dranage area which may be beneficielly
sarved by waters divertad from the river, is desipnated ss the ‘' upper
basin.” The lower region is designated as the “lower basin.”

The seven States are grouped wnto two political divisions, Colo-
rado, New Mexico, Utah, and Wyoming constitute the ''States of
the upper division.” The States of Arizona, California, and Nevada
conatitute the “lower division. "

_ Sevon million five hundred thousand aero-faot exclusve anmuisl
benelical consumptive uss ia set apart end apportionsd in perpacaity
to the uppor basin and a hke amount to the {::ur basin

Any waters necessary to mupply iands in the Hepublic of Madeo
(hereafter to be determined by intarnational treaty) shell be supplied
from the surplus flow of the river. If the surplus is not suificient,
any defictency shall be borne ‘sgually by the upper basin and the
lowar brsin. . '

By renson of development the Gila Eiver and the probable
Tapid future development incidefit to the necessary construction of
flaod works om the lowsr rivar, tha lowsr hasin ie sasmitted to inoragse
ita development to the extent of an additional 1,000,000 scre-feet an-
nual beneficial consomptive use before being authorized to call for a
further apportionment of any surplus waters of the river.

Nof apportionment of surplus waters of the river shall ocour
within the next 40 vears. At any time after 40 years, if the davalop-
ment :n the upper basin has mﬁhaﬂ 7,500,000 acre-fast annual beas-
ficial consumplive use or that of tha lower hasin has reached 8 500,000
acre-feet, any two States may call for & further apportionment of any
u us w:t;n nfh the river, but sueh supplementel apportionment
8 not affect the parpetual & iwenrpent of 7,500,000 acre-{eet
mada Lo each basin by ﬁ'i: mnt.:?ﬂ?tﬂ

The States of the upper divisio: shall not cause the Sow of the river
at Lees Ferry to be deplated below an aggregate of 75,000,000 acre-fest
for any penod of 10 consecutive years (7,500,000 scre-feet averags
annual flow over any 10-year period) if necessary for use in the lower
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Farry during the lowost 10-venr porind of which we have 2 record

. Navieation is made subservient to all othar uses.  Power is s
subsorviont (2 domestie and agricultural uses.
_«State control of the sppropristion, use, and dispesition of water
Within eath State is lefé undisturbed. .

Progent porfocted appropriations of water are not disturboed, hat
such rights take their water from the apportionment to the basin in
which thoy are located.

All future controversies between two or more States of each group
are spocifically reserved for separate consideration and adjustment by
separate commissions, or by direct legislation, whenever such questions
mey arise, if aver they do.

Fiecords of tha river flow at Lees Ferry are under the control of the
State engineers of the seven States and two representatives of the
United States, but the authority of such officials terminates with the
pscartainment and publieation of the facta,

The compact may be terminated at any time by the unanimous
agreement of the signatory States.

hasin, This = n{wru:umnl.ei_‘r 30 per .. & of the river flow at L.oos

FULTHER COMMENT

1 take the liberty of offaring the following observations:

The upper basin constitutes the principal source of the water
supply.  All waters returned to the river from irrigated lands within
the upper basin will pass Lees Feory and be measured as a part of the
water to be delivered to the lower basin. The upper States guaranies
somewhat less than one-half the ave annual flow of the river (at
Leea Ferry) during the 10-year period from 1802 to 1911, inclusive,
which was tha perod of the lowest recorded river flow. All water
hoth matural and retarn flow, which passes Leos Ferry will be credited
to the delivery by the upper States. There is no minimum or maxi-
mum requirement for any particular year, The compact is setisfied
by an aggregate delivery of 75,000,000 acre-feet of water during any
10-¥ear panod. -

The topography of the upper basin limits the extent to which each
of the upper States may go in its development and its corresponding
consumption of river flow. As the various tributaries leave Colorado
~and Wroming they have already entered into deep canyons and their

waters g%e not avatlable for diversion in Utah. The Utah develop-
ment will ba confined to tributary streams, and the waters of such
are no Jonger available to Utsh lands after they have entered the
‘Green or Colorado Rivers.  The waters of the San Juan are no longer
available for diversion in Utah efter they have served landa in Colo-
rado and New Mexico. These natural limitations upon the use of
the waters within each of the u States will always afford ampla
assurance against undue encroachment upon the flow at Lees Fery
by any one of the four upper States. Colorade can not divert 5 per
cent of its porticn of the nver flow to regions outside the nver basin.

All development in Utah and New Mexico, requiring diversions
from streams in Colorsdo, shell be subject to separate adjustment
with Colorado before construction oceurs.

Thae term “ beneficial consumptive nae " is to be distinguished from
the minounts diverted from the river. It does not mean head-gata
diversions. It means the amount of water consumed and lost to the
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river during usss of the water diverted. Generslly spesking, it I8
e diffepencs betwesn the aggregate diverted and the ap;repate
return flow. 1t ie the net loss occurring through benelicinl uses,

Tha =enariianment af 7,000 000 ecre-loat exc weive ennun! beneleial
consumptive use to the upper baan moans that the territ. v of lae
upper basin may exbaust that much water from the fow of the stream
sach year. The apgregate annual diversions in the upper hasin are
anlimmited.  The imitaton appliss only to the emount consumed, £nd
o1l waters which return to stream are not “‘consumed.” .

The apportionment to the upper territory is perpetual. It ‘s in
a0 manner afjocted by subsequent development. It is not © 1.0red
that the water shall be usad within any prescribed period. iurther
development on the lower river will in no manner affect this apporion-
ment or impair the right of the upper States to comsume their ppor-
tionment whenever their necessities require. Ary LMINense reservolr
hareaftar constructed on' the lower river ean not be the basis of =
preferred claim which will interfere with the futurs development of
the upper basin. The development in the lower basin will be con-
finsd to the apportionment made to that basin, with the permusable
incroass. Any excers of development can not infrings upon the
resorvation perpetuslly set apart to the upper terntory. There can
e no rivalry or contest of speed in the development of the two
basing, Priority of development in the lower basin will give no
preference of right s against the apportioninent to the upper basgin.

The 7,500,000 acre-fest annual beneficial consumplive use Appor-
tioned to sach basin includes the water necossary to supply present
perfoctod uses in each of the besine. Such present uses consume but
n small part of the apportionments. By reason of a fear that furiner
upper development might temporarily deplete the low flow of the
river in the autumn tod early winter of dry years, 1% is provided by
Article VIII that present serfected appropriations upon 2o Tower
river shall not be precluded from protecting any such appropriztions
from eneroachments upon their supplies until reservoirs have been
constructed to store & definite part of the water apportioned to the
lower basin,

There is no treaty betwesn the United States and Mezico fixing
any Tight in Mexico to the use of watars of the Colorado River. All
such matisrs must depend upon futurs treaties. The compact
provides that water, if any, necessary to supply the obligaticns of
any such treaty shall be taxer “rat fromn any surplus aiter meeting
the apportiomments (and_righ.. to increase) elready meds to the
upper and lower baains. If the -u.\-gu;;m:l insdequate any deficiency
skall be borne equally by the two basins.

If the time arrives when the development in either of the basins
requires s supplemental lprocmonm-mt.. E‘l’hiniﬁmblblr will never
octur) the water available for such purposes il be
meining after d.uductinf the perpetual apportionments {and night to
iucreass) now made plus any ll:mnlm international burden, The
supplemental apportionment will net disturb or impair the perpetuel
apportionment made by the presant compact.

he repayment of the cost of the construction of necessary flood-
control reservoirs for the protection of the lower nver country prob-
abiy will result in s forced development in the lower basin. For
this reason & permissible additional development in the lower basin
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to the extent of a baneficial consnmptive use of 1,000,040 acre-fest,
was rocognized in order that any further apportionment of surplus
wators might he slitopether avonded or at least delayed to a vory
remots pencd,  This right of additional development is net o final
apportionment. This clanse does not interfere with the apportion-
mant to the upnsr hasin or with tha right oi tha States of the upper
basin to ask for further apportionment by a subsequent cominission.

The compact provides that the upper basin sha'l not be required to
* deliver any wator to the lower basin which car not be benaficially
applied to domestic and agricultural uses, Power cluims will always
be limited by the quantity of waler necessary for domestic and agn-
cultural purpesss. The gensration of power s made subeervient
to the prefereed and dominant uses and shall not interfers with junior
preferred uges in either basin,

Article V1I, protocting the obligations of the -+ 7 Steto #n the
Indian tnbes, avoids necessity of condivonal ratifice oo v ..
pact by the Congress. Such rights are negligible and the appor-
tionment to each basin inclodes all such necessary diversions.

DISPOSITION OF THE WATERS OF THE COLORADO UNDER THE
COLORADD RIVER COMPACT-—

By Devrn B CarrcnTren

The river is ll:[npiim] by its tributaries from the Groen to the Gils.
Without tnbutares there wonld be no river.

F-The water supply of the river consisis of all wator which of nature
and undistur v works of man would pass Yums, the point below
the leat tributary. It i impossibla to tell the exact amount of this
total supply in any vear, owing 1o interference by diversions, but it
has been estimated at from 20,000,000 to 24,000,000 acre-feet average.

_This aggregate natnral water mppllg may be divided into (1) that
© purt entering the river above Lees Forry and contributed by those
streamns which drain the upper basm: and (2) that part sntering the
stream betwean Lees Ferry and Yoma and contributed by streams
- which drain the lower basin.

The burdens upon this waser supply ase (1) those in the United
States and (2) the watar necossary 1o supply nternetional obligations
with Mexico, if anv. '

The Colorado Hiver compact allocates 18,000,000 acre-faet to mnsea
in the United States and sufficrent for the international burden, what-
ever 1t may be, and then sets apart the unallocatad surplus for future
apportionment by the States after 40 vears. -

n other words, the compact specifically allocates 16,000,000 acre-
feet plos the international burden, as designated burdens upon the
whaole supply of the river and then dedicates the unallocated surplus
to future apportionment between all seven of the States. Of the
16,000,000 agerogate 7,500,000 plos 1,000,000 acre-feet per annum
(bereficial consumptive use) is permanentiy allocated to the lower
basin. These permanent allocations inelude all water necessary to
supply all present eppropriations, wherever the same may be and
whether from the main stream or from the Green, the Gila, or any
other tnbutary.

The upper bain guarantees not to reduce the water flowing past
Leea Ferry below an average of 7,500,000 aere-feet per annum over
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apy 10-year period.  This iz not ao allocation but is mAmply A pUer-
antee ppainat depletion.

I the international burden should exceed the surplus of the whale
rver and tributaries (nbove 10,000,030 acre-iect), 1t will become
neceanary to taks some international water from that allocated the
twn basins in which ense the upper basin wil! contrnbute one-hall
of the deficiency and the Jower basin will contribute the other hall,
In that event thers would be no unallecated surplus. The unallo-
cated surplus consists only of that portion o all the water of the
whole river system over and above the 16,000,000 alloeated to the
7 States plus the international burden. Of the waler originat ng in
the upper basin, 7,500,000 acre-fect are slloested for use ind that
brsin.

Except as used in the upper basin, the remainder will flow to the
lower basin at Lees Ferry. This remainder includea (1) the upper-
heein contibution to the intermationel burden, () the upper-besin
e iuution to the common supply from whieh the lower basin azgre-
gate allocation of 8,500,000 sere-feet shall be drawn, rod (3} the
upper basin unused portion of the unallocated surplus to be allocated
wmong the 7 States at the end of 40 years.  The upper basin States
guarantee that the waters necessary to supply the first two items shall
never fall below 7,500,0000 acre-Teet average, reckoned in 10-vear

rogressive perinds.  As already stated, this remainder is not the
?_.tr{m.cm scre-fect allocated to the lower basin but iz & guaracty
agrinst depletion of the flow at Lees Ferry.

Part of the waters allocated to the upper basin are there unused end,
by force of gravity, flow past Lees Ferry to the lower basin.  As the
uses in the upper basin increase, the guantty of this m‘YEng
water will proportionately and progressively decrease until the whole
allocation 18 used in the upper basin, This escaping water will he
available for use in the lower basin until cut off by uses in the upper
basin, but such lower uses will be temporary and without right to
claim & continuation thereof. Hence such weters may not be con-
mdered as unallocated, although physically present and available for
use in the lower basin.

Water originating in tributaries rising in the lower basin is there
;‘rmglhlu to supply the lower basin allocation and the international

urden.

Supplies physically present in the lower basin consmt of (1) waters
originating in the lower basin, (2) 7,500,000 average annual delivery
{rom the upper basin at Less Farry, (3) u!lllk}c.;“itﬁl surpius from the
Epu basin, and (4) temporarily escaping waters from the upper basin

seation., The last item st be areluded and the third item con-
ditionally includsd in any permanent consideration of the lowar basin

supply.

Eﬁiﬁ water available to the lower basin (water thers onginsting and
Lees Ferry delivery) 18 to be wsed in the lower basin to care for the
lower-basan allocatien (8,500,000 acre-feet) mnd the eatire interna-
tional burden, unless there is & deficiency for intarnationsl supply, in
which case the waters allocated 1o each basin sre to be callea wpen to
the extent of one-half of the deficency. - -

The States of the lower huiulh:md"mtﬂjnm a sutmidiary compact
making (1) local allocation of the aggregate 8,500,000 scre-feet {out of
‘he whole river supply) aliocsted to the Jower basin by the compact;



. 40) S T P T VER - DV VELOFMEXT

(2% provision for eupplying the entire internatioral hurden, if, when,
and for the amount by trealy determined; and (3} disposition of the
unellocsted surplus pending and subject to future allocation between
the seven States” They shoulil also make provision {or temporary uso
of allncated water escaping from the upper hasin, without prejudice to
tho rrhts of the upper hasin,

The upper-basia States are not coneerncd [except as a matier ol
nrecedent) with this local compact, providing (a) the three-State
sgroement s made subject and subsidiary to the Colorado River com-
raet; (B) e international burden is provided for; (¢} locel disposi-
tton of unallocated water from either basin 13 without prejudice to
the rights of the States of the upper basin to a future allocation aa
provided in the Colorado River eompact; (d) temporary dlqumunn
of escaping allocsted waters from the upper basin s made without.
prejudics to the future use of che entire allocation by the upper basin;
and (¢) #nel compact i3 without pmf]nrl]m to the mghts of Utah
rnid Néw Mexigo a9 tégards that part of their terntory inchided within

-

the lower ba=in. : .

But it should be remembered that the Lecs Ferry guaranty of
rnnual delivery includes the upper-basin contribution to and share
of the internationn] burden, and that if this contribntion hy the uppor
States is allocated betwoeen tha lower States for loecal uses, the inter-
national burden must then be supplied from lownr-basin suppliea.

CHEONOLOGY OF COLORADD RIVER INVESTIGATIONS
2] Vel. I, 112)

December, 1801: J. B. Lippincott (a) and Jeremish Ahern made a
hoat reconnaissance from Needles to Yuma., Mohave Valley reser-
voir site {Topock dam site) noted but noe favorably considersd
sccount damsge to reilroad and Mohave Valley lands.

2] Val. T, 108)

October,”1002: J. B. Lappincott made a boat reconnaissance from
Greggs’ Ferry (26 miles above Virpin River) to Needlea.  Noted
reservoir sites at Boulder Canvon and Black Canvon, believing them
worthy of survevs. . :
o 2] ¥el. I, 123}

1902-3: Colorado River mupggd from the lower end of Black
dlanyorn to the Anzona-3onora boundary, Drilling done at Bulls-
head dam sites. Investigations indicated desirability of investiga-
tipn of dam sites at Parker, Bullshead, Las Vegas Wash (Blsck
Canyon} and Virgin River (Boulder Canyon).

1904-1915: Investipation of resorvowr sitese on headwaters of
Colorado River and its tributaries was practically continuous, includ-
ing resomnp@sanos, reservoir and dam site surveys, drillng, end
watar-supply stuthies.  Principal reservoirs eoversd were Kremmling,
Dawey, and Junetdon an Colorade River: Turley and Bluff on San
Juan River; Dolores on Dolores Kiver, Animas on Animas Hiver;
Hangely on White River; Flaming Gorge, Browns Parx, Ilsland
Park, and Ourav on Green Hiver,

Brel accounts appear in the annual reports of the bureau begumm 1
with 1904 and clal-fl. ad reports in the Wﬁﬂu compilation comple
i 1018, Summary 18 found mn eighteanth annual report of burean,
pages 391408,



COLOTADO RITER DEVELOPMENT 41

if2] XVIII 413

1015: Homer Harmlin, enginear geologist of Loe Anpeles, delegatad
to make exnmination of Colorado River below Vircin River o locats
anitable dam site for large reservoir,  Geological Survey requested 1o
nasizn topographar for survey of Doulder Canyon reservorr,

(2] XIX 412)

1016: Homer Hamlin reconnaissance completed.  Heservoir survey
eontinied, preparations made for drilling at Doulder Canyon dam
Cosite.  Water supply studies imtinted.

(2] XX 293

1920+ Diamond dniling startad at Boulder Canyon: peologieal
study of dam sites started by F. L. Ransome, of United States Geo-
logical Survey.
o 2] XXI 119

1021 Extengive studies of water supply and designs undertaken.
Prelminary report on Problems of Imperial 1."alft-}' (Fell-Davis
report).

J—-;'.fl‘.'ifl:'l: Drilling started at Black Canyon dam site.  Tn December,
1922, a board consisting of F. E, Weymouth, F. L. Ransome, L. C.
Hill, 'and A. J. Wiley, inepectod and reported on Loes Forry dam mte.

1923 Drilling and geological examinations of Boulder and Black
Canvon sites completod; weter supply, power, and design studies
under way at Denver office. ] o

Februsry, 1924: Unitad States Geological Survey issued prelimui-
nary profile on Colorado River below Lees Ferry based on 1823 field
surveys., Wwermouth report completad. '

June, 1924 Supplemental rt (sometimes also called volume 9
of Weymouth report) cﬂmph:g?

November, 1928: Report of " Colorado River board.”

Congressional hearings from Sixty-seventh to Seventeth Congresses.

Lower Colorado River water and power set-up, George W. Malone,
Carson City, Ner. _

REVIEW OF THE COLORADO RIVER BOARD'S REFORT

Thiv board wae created under authonty of the joint resolution
arrroved by Conpress, May 29, 1028; and compfiaﬂce- with this
resolution the board woz appointed by the Secreiary of the Interior
and approved by the President to examine and report wpon the dam
to be constructed under H, R. 5773, the Boulder Dam hill. -

This report was renderad to the Secretary of the Interior November
24, 1925, and har been published as H. . Doc. No. 446, Seventieth
Congress, second session.  In the foilowing review reference is made

to certain pages of this report., e
COLORADG RIVER

The Loard set out in its opening statement thai the Colorado
River drained an area of about 244,000 square miles and has & total
i::ngt-lé of about 1,700 miles with a fall of over 7,500 feet in its entire
mgt_. -4 A P R L I

"I:h-u principal charscteristica of its flow are given as the low water
during the sutumn and winter months with a normal flow of the
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malting spow, wsnelly beginning late in Apol reaching its maximum
in June rnd endirng by the middle of Awmnzt.  This flow, the report
fusther atutes, is 1aodified and intepsified by torrential floods of short
durniion which come in zeneeal [rom ita southarn tarmtories and may
acedt nlront any cwnth of the spring, fall, ar winter, 1t flood flow
offers bw far the greviest quentity of water prodused by streams and
must be .mpounded in onder toa be successfully utthized. [Floogs of
200,030 accond-feet are not wnnsusl awnd larger onez bave occurred
(p. 20,
EXNOINEERING FEARINILITY

“Tao enpinconng feasibility of the proposed dam across the man
- - 5 4 El P L] . . 4 e
grreara of the Colorade Hiver st Bisck or Boulder Croyon is hasie
There it no Mrther question then, &5 to the Jeasibility of these two
sites I'p, 20

SRLECTION OF EITE

«  The board then reviews the penlopy and other detailz of the twe
aites and decides thet “the Loerd is of the opimon that the Black
Canvou site is suitabla for the proposed dam and is preferable to that
of the Boulder Canvon™ {p. 3).

DANGER FROY EAHTEQUARFY AND DEFORMATION

Fhe board briefly reviews the history of the region amd concludes
“shat danger from looal earthguakes of enough violence to threaten
& properly constructed dam in Black Canyon 19 neghgible™ (p. 4).

TH®™ DAM AND [NCIDENTAL WORKES

* *'Tha board is of the opinion that it is feasiblo from an engineenng
standpoint to build & dam meross the Colerado River that will safelv
impound water to an clevation of 550 feet above low water. The

*enzt will, however, be preater than that contomplated in the project
rutho=ized in H. i{. G773, (p. 4). :

The bosrd statss in part tﬁul the proposed dam would be by far
the bt thest vet construrtod and 'it'ml!li; impound 26,000,000 scre {eot
of waler. In the event of faillure jt would mean the destruction of
savern! towns and loves system of the Imperial Valley, and probably
make 1npossible the reestablishnient of the Colorade Hiver in ita
normal course.  “T'o avoid such possibilities the proposed dam should
ha constructad on consorvative or ultra-conservauve lines.”  Four
ressope are fiven by the board for the inereased cost:

(a1 Decresss of the allowable atress from 40 tone per aquare foot,
as allowed by the Bureau of Reclamation desien, to 30 tons per square
foot, thus increasing the amount of matenal in the dam.

(b) An inereaee in the eapacity of the diversion tunncla o 200,000
sncond-fest from that proposed by the Burean of Reclnmstion of
100,000 sreond-feet (p. 33, thus }mnrj!in'i Hash floods of Iargar {low,

(e} A permanent spillway atlbizing the incrensed capeoity of the
diversion tunnels, provided in the revised plans to increase materially

“the spillway capacity planned in conpection with the Bureau of
Reclamation design of approximately 110,000 second-fect (p. 5, thus
prevoanting the dam from being overtopped by fash floods.

#1 “Teis the judgment of the board that it is feasible to meke the
requirdd excavauon for the permancnt dem, but it s their opinion
that plaas nnd estimates of ecost should include proviaion for the
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control and handling of a considareble volume of water” (p. 6).
This iz on sceount of the expected leakage through cefferdams while
EXCAVALION I3 IM [IITHITRSS.

All of the above suppestions are in iine with the proposed nlira-
conanrvative desipn, which in view of the unprecedented megmitede
of the sonstruclion 1w good enmneenng practice,

TAF POWER TLANT

“While & power house must be fitted to a particuler site, and 1ta
equipmert must be designed and selected {or the partieular eondi-
tions which obtain &t such o site, the entire installation will never-
tholess be largely standard and offers no partieular diffienlties.”
The board is of the opinton that the propossd plans are {easible
(p. 6.

THE ALL-AMERICAN CANAT

The bill provides for the constructon of & cane! ronnecting tho
Laguns Dam with the Imperial and Conachells Valieys while the
sstumnato of $31,000,000 by the Buresr of Reclamatior spplies only
to & canal reaching the distribution systemn of the Imperia]l Valer.
The board raviews the proposed canal (p. 6) end then states: ““The
board believes that the canal should be lined with concrete through
the sand-dune region end should be given & slope sufficient to carry
the m-blown eand to s suitable place for deposit and remowvel.”
They pronounce the canal feagble with an edditional cost.

a following estimates include the provimion for maximum stress
of 30 tons per square foot; the proposad increass in diversion capa-
city; the proposed irereased apillway capacity for the dam; and the
lining with conereta through the sand-dune region of the all- Amesrican
cantl, as proposed with suitable slopes, eic.

The board in 1ta review of thoe estimates {or the siruclure
has reached the conclusion that such estimates !.Em d be modified
g0 as to provide ss follows:

Dam snd reservols (26,000,000 acre-feet capaclty) . . .._.____._ 370, 600, 000
1,000,000 horsepower development (installed capactty) _________ 38, 200, DO
Tha all-Amerioan eanal (from Lagunn Dam to Imperial Velley

distribution srstersd . . 38, B0, D

during conrtruetion om above (T-yrar comstruction period) . 17, 700, 000

R [ 1 9 ) 1

The hoard further advises “‘should the canal to Coachelle Valley
from the Imne al irrigation district be considered & part of the msin
canal the abcve etimate would be inereased by the sum of $11,000.000.

These e7<in.at 2 ¢ baswl on a construetion period of seven years

(p. 7).

SDEQUACY OF THE PRUPDALD BTATCTORES

The board brnely reviews the pro regulations and the flows
of the Calorado River and nivises that: “A dam of 550 feet above
low werer, seross the Colorado River at Bleck Crayon, impounding
26,000,004 acre-feet of water, will be adequate, in t.ga opinian of the
board, to to regulate the flow of the lower Colorade ms to conirol
ordins=y floods, Lo 1mprove the present navigation possibilities, and
to store snd deliver the availabie water for reclamation of public
lands ae ‘== «~ther benaficial uses within the United States."

IAES— . Ddoe 188, TO-T— 4
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WATER SUPPLY OF THE COLORADD RIVER

The board reviewed the water supply of the Colerade River at
some length (pp. 8§ and ), then coneluded:

An rstimate of the excess of ilc calculated fow at Yuma above the actual
flaw of the river could be a.;.mftm;tfmtﬂy determined cnly by pacalleling the
present more axact melhods of measurement with the methods formerly weed,
through two or mere seasons Bl high water fow, and thus determine the error
imvolved.  Any ecatimate withoul suech I'!'ELE.'TI'IiI.'Ilt'iC_II". fn uneertain, In the
apirion of the board the resulta of the Yuma gaugings are ol least 10 per cent
too high. Those correctiops would reduce the estimate made by the United
Stetos Heelariation Burean of the average annoal fow ab Laguna Dam, for the
cmrboed THIZ-1022, to mboaat 13,500,000 scre=foet,

The board then refers to the estimate of Mr, Hermen Stabler, who
wes and is at this time, connected with the United States Geological
Survey under Mr, George Otis Smith; director, Washington, D, €,
as chief of conservation branch, His eatimates were made from a
long recprd of gauge heights and the meesured flows at Yuma; and
were basad on Lhe assumption that the Yuma flows were correct.

Pheay then state, “Since the beard finds that the Yuma gauges for
‘the period 1002-1922 are at least 10 per cent too high, Mr. Stabler’s
' eatimate Dased on these gauges should be correspondingly reduced,
thus medifying his eatimata for the averags flow of the period 18E7-
194 of 10,420,000 acre feot is reduced to 9,360,000 acre feat. This
eatimate, hewever, 18 after the flow has been mrre-rt-od to what 1t
would have been had the irrigation been the same dunng 1887-1504
BS 1t was the vear 1922 which amounted to 1,477,000 scres according

to the Weymauth raport.”
It may be of interest at this time to quote Mr. Herman Stablec's
Jmothode, which he designates as :'natlw-tc]i Nao. 1 and method No. 2,
by which ha-arrives at the {following averaga of the run-ofl al Yuma
fromethe yaers 1874 to 1927 (see his latter’ to Profl. Daniel W. Mead |
dated October 10, 1028): , .

Meothod No. 1 The daily gauge heights from 1873 40 1922 wero plotted to
gcae, It was found that the snousl graph thus prepared oormally bad two
low points, one soon after the beginaing of the calender vear and the othor laje
in sutmmer.  These points were conpested by & line, thus separating the increase
in gauge heighta doe to Sood Aow from gatge heighite dus tn low-water fow.
The areas for cach year ipeluded between the lins of separation thus drawn and
the gauge-height graphs were run off by planimeter. The annual planimeter
readiog was then plotted agninet the annual run-off for each vear of the record
Trom 1802-1822, and a E_mr'h of n.]l:lpm':imut-c redation developed., From thie
graph a compuied run-off was developed feem the planimeter rendings for the
years 157E to 1923, inelusive, and [ bave recently extended this operation to
ingiude the yenrs 1923 o 1027,

Method INe. 2@ By this method the mean monthly gavge helghts from 1878 to
1922 were umed o compute mean monthly run-off for the same perfod, sod the
coqnputations were recently extended to eover the perind 1933 to 1927, incluelve.
Table No. 1 giver ha mean monthly gaioge heights of the Colorado River st Yuma,
Roughly, the scour at Yuma amounts to |44 feet to ench foot rise in gauge helght,
that is, the effective depth of channel varien two and ooe-hall times ns fast as the
clhange in gauge height.  Furthermors, the discharge for the month of Novermbar
maore nenrly uniform than that for noy ether month in the vear, If lies nearly
hall=ay hetween the ficod period of one vear and that of the next vear, and the
chiannel copditien in November may b2 pasarsecd to have reached s faicly stabls
riate resuitiag from the preceding ficod period and %o maintain that state until
the early portion of the pext food E]u-{rd when the great annoual change in channal
rendition begine to take plnce, Aving In mind thess coosiderstions, the fol-
I’:-dtmn jmaru or ioss mrbitrary rule for computing efective channel depths was
ROl .

(e} Assume chanpel depth for November as 10,
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(b) From Novemher Lo ing May, to channel depth for any month nid
ior sublract) two and ope-hell Limes the differcnce in gauge hei=ht betwers th;:
mean monthly stage for that month and the month preceding to Gnd the channe
genth for such preceding montk, )

fe Himilary, from November to subsequent May, add {or subliract) fwo and
opn-iall times the diferomes in gauge height betweea the moan monthly stege
for any mozsn And the subsequent month to fod the channe| depth for » sube-

uent moath. L

14} For Mar, use the mean of values found by (B) aed (). Folowing thess
rulew, channe]l deptha for each moatl from 1878 to 1927, inchucive, were compuled,

These ehannel depths represent na nearly ns may be the gauge heights that
would have been recorded had the Yuma section been in rock with constant
conteol. Dy atarting afresh each vear with November as & fived datum, the
affe=+ iy chinined of an annual shift in gauge discharge relation which will, so
far aa noasible, compensate not only for major channel changes due 1o the annual
fond bul also for chances of control caused By the building of the dams, river
reaks, and tae like. The monthly channel depths thus computed were plotted
aga nst Lhe published record of monthly run—of from 1902 to 1927, iocluave,
and m curve of relation cetablished. rom this curve a table for converting
channe! depthe inta rin-off was prepared. The naxt step was io compule the
montthly run-off frow 1878 %0 date and determine the annual totals.

L L] * - - - -

The annuel run-0f, as computed from methods 1 mnd 2, their mean and the

pubdisteed record of run-off ame eompared in Table 7,

Tantg 7.—Annual run-of al Fuma in milions of sere-feel compuled by ﬂﬂit-:.':
! and #, mean of raluss compuled by (he lwro melhods, annual run-aff from pul-
lished recerds, and difTerencer belween compuled and pubiished run-o)
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) ﬂﬁﬁn further from Mr, Stabler's communication to the engineer-
ng b : -

The purpose of my study will have been served if (L har called attention to the
reaponablensss of & conclusion that avernge run-of for 20 yeam or more pror (o
1902 was only abont three-quariers of the average run-off of 20 vears or more

t therelo; thet such pericd shouwld be included in consideration of
evailable water supply in order to obialn the uobiased view afforded by a com-
phete mun-off eycle; and, Anally, that it is unsafs to bass fufurs development oo
ithe pssumption of &n assured run-off st Laguns in axeesa of 11,000,000 to 12,000,-
00 acre-foet, with conditions a8 in 1922,
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Me: Hermoan S4abler concludes that whils the water supply mar be
sogiewhat under the estimate of the Bureau of Reclamation, there j=
My Mieicat water to frrizate all available lauds in the upper besin ana
gtil] deliter the 7,500,000 mere-feot at Loes Ferry, as contempluted
uhder the ¥ Colorado River compact.” .

The acroase irmgated in 1022 taken from volume 2, page 10, Wey-
mouth's repart, as moted alove was 1,477,000 scres, pmounting to
2%15,500 ace-foct based on & consumplive use of 1.5 mere-feet for
the upper basin, which is no doubt conservetive. On this basis,
assuming ma avermse ea-off al Legufia Dam ol 11,000,000 acre-fent,
as supgested by Mr. Stabler, and adding therato the 2,215 500 acro-
feat being used at that date, would maka his estimate of the flow st
Boulder Canyon 13,215,500 acre-fest avarage over the low period.

In this connection it may be of interest to note the data compiled
by E. C. La Rue in Water Supply Paper No. 556.

In this paper the water supply is reviewed in very great deta]
from pages 101 to 120 including tables of supporting data.  Atten-
tion iz particularly ealled to Teble No. 3, page 108; Table No. §,
paze 110; and Table No. 8, page 112,

Table No. 8, page 112, is a summation of Tables 3 and § and the
lazt colimn shows the amount of water available at Lees Ferry with
full irripation development in the upper basin, and is included here-
with for referencs,

TawLe B.—Annus! dissacrge of Coinrndn River of Leer Ferry, in acre-feel, correctad
for pas! ond fulvre irripalion deplelion
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[evelopment in the upper basin was essumed to be 1,477,000
seros in 1022 in the Weymouth report; Mr. La Rue assumed it to be
1,500,000 acres. The future development of the upper basin &
assumod by the Weymouth report lo be 2,740,0(H) acres, which i3

_identical with the figures taken by Mr. La Tlue; this makes o totsl
scraage with full development of 4,187,000 acres, which seems to ba
gormewhat in excess of the figures arrived at by subsequent inveati-
rations,

" The duty of water for all landa in the lower basin where diversion
i1 piade at nr above Laguna Dam has been establizhed nt 5 sere-feat
per pore, consumplive use, _

The duty of water fer all lands in the upper bazin hrs heen vari-
ously estimated to be from 1.25 to 1.5 aere-fect por gcra, consumplive
use, snd probably will renge {rom 1 to 1.5 aere-leet with the average
at least 1.4 acre-feet per acre.

Assuming the duty of weter for the lower hagin to be 3 acre-leet
per ncre and the duty for the upper basin 1.5 acro-leet, and the quan-
tity allotted to each 7,500,000 acre-Teat per vear, the upper basin
could hring under eultivation 5,000,000 acres, while the lower basin
would be Lmited to one-half of that amount or 2,500,000 acres. The
supply is presumed, however, to be somewhat in excess of the 7,500,-
000 sere-feet which would increass tha lower basin acreage propor-
tinnately.

“he following tabls taken {rom page 10, volume 2, Wevmouth
repott, indicates sctual development to the yeer 1022 and estimated
future development. '

Summary of irripatien derelopment
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[n the above table, an attemnpt has beon made to classify the proj-
ects as to relative feaubility. Obwviousiy anch a clasatlication must be
very rough, That adopted is as follows:

CLABE A=IMMFDIATE FUTURY DEVELOPMENT

(1) Undeveloped areas of constructed or partially constructed
irmgation projects not requiring undue expend:tures,

(2) New irngation projects, eoncerning which no serious con-
struction difficultics are known, and for which water supply seoms
ample. (Includes some transmountain diversions.)

(2) Increase in area under small ditches already built or antici-
pated to be built shortly.

v. All the, above developments are possibly [easible at the present
time.
CLASS B—NEAR FUTURE DEVELOPMENT

Developments similar to those of Class A but by reason of rela-
tively higher cost not likaly to ba carriad through in the immediate
future.

CLASR C—FAR FUTURE DEVELOFPMENT

Developments possibly {easible from the standpoints of construe-
tion and water supply, but out of question in the near future by reason
of excessive cost. :

It s the belief of snmneers familiar with conditions o the 'u]'[ilj.'mr
basin States that future irrigation development in Uns aren will be
slow, and probably under expectations by those Stales.

N. C. Grover, chiel hvdraulic enginesr, and Herman Stebler,
chief engineer, conservation branch, both of the GmloFm:l Survey,
of tha Department of the Interor, have expressed their opinions
vory clearly in the matter of water supply in a personal communica-
tion to the writer: “That the supply 13 sufficient for all possibla
future developments in the upper basin, and still deliver the
75/000,000 acre-feet at Lees Forry in any 10-year poriod in the low-
=water yeafr.”" . Following press release supporis the abova conclusion.

UFPER=-BARIN DEVELOPRPMENT

_ The United Statea Geological Survey has just finished an investiza-
tion to detarmine the possible ultimate developrment of the States
of Wyoming, Colorado, New Mexico, and Utah from 'the Colorado
River and its tnbutaries.

It has been determined according to s recent “press release that
apprommately 1,108,000 'scres are now imigated from the Green and

o Colorado Rivers not including 160,000 seres on the San Juan
River in New Mﬂicqa with a ble ultimate acreage of 2,907,000
acred on the Green and Colorado Rivers, and of 600,000 acres on the
San Juan, making a total ultimate irrigated area of 3,507,000 acres;
asauming a consumptive water du “;’?1.5 acre-{eel per acre, which
students of ths question agree to be liberal, makes a total consumptive
use of water in the upper basin of 5,395,500 acre-feet and, together
with an outside estimate of 325,000 acre-feet of possible ulumate
transmountain diversions, brings the total possible vse to approxi-



COLOZADD RIVER DEVELOPMENT 49

mately 5,720,000 instead of 7,500,000 acre-lect as contemnplated by
the Colorado River compact. :
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The total mean annual run-off at the junction s about 12,500,000
acre-fent of which 6,800,000 acre-feet flows in the Colorado and
5,730,000 acre-fest in the Green. The reports discuss in detail the
extent to which this flow is now being put to use and outline its
probable future use. Tho bare facts are presented.

Irrigation.—Approximately 1,198,000 acres sro irmigated at the
present time with water {rom these driinege basing, and it is esti-
mated that this area may ultimately be inereased to neariy 2,897 000
acres. The areas irrigated are distributed by States and by major
and minor drainage basins as follows:
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bW agligible,

* The irrigation of additional lands will result in a futura depletion of
the flow. The net depletion is estimated to be from 1 to 1} acre-
feat per acre irfigated, or a total amount in scre-feet shown in the
following tabla:
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" Transmounlain diversion,—At the presont time there are nine con-
duits thst divert water from the Green River Basin into the Great Salt
I.ake Dasin, claimfhg about 168,000 acre-feet a year, and six conduita
that divert water from the Colorado River above the Grean into the
Mississippi River drainage basin, with an average annusl diversion
of 20,400 acre-feet. According to the estimates made by the authors
of the reports the possible increased divermion into the Great Salt
Lakd Basin may amount to 50,000 acre-faet and that into the Missia-
l:pEi River Basin to 202,000 acro-feet. )

_ power.—Not including all ial-use plants such as flour-
mills and sawmills, which generate hydroelectric power for use inei-
dent to their business, there are 48 hydroelectric power plants in the



COLORADO RITER DEVELOPMLNT ol

besin having a total installed capacity of about 49,000 horespower.
These planta are distributed by States and by major and minor basins
as follows:
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IU'ndereloped power ~—The amount of develop-d power 1= practically
negligible compared with the tmdwrlnp-pd“]émwer resources, [he
~oports describe soma 90 sites at which it would be possibls to develop
169,000 horsspower for 20 per cent of the time, 211,000 horsepower
for 50 per cent of the time, or 1,080,000 horscpower with the flow
rogrulated at deseribed reserveir sites, These sites are located as
follows by States and by major and minor dreinage hasins:

The above figures do not include 7,500 horsepower now in vse and
10 undeveloped sites capable of producing 230,000 horsspower in
New Mexico on the San Juan, total, then, ir the four upper
basin States—Wyoming, Colorado, New Maexico, and Utah—is devel-
oped 56.700 horsepowsr, undeveloped 1,360,000 horsepower.

The Colorado River board, aftar reviewing in some detail existing
records of flow (pp. 8-12), in its econcluding parasgraph on water
supply statea (p. 12):

It is netimated that the prosent fow is depleted by water taken for lrigation
in the upper baaln by approximatelr 2,750, acre-fect, whizh amount, [F sdded
to the sbove cstimated average Sow, would inerease It to about 15,000,000 scre-
feet. This is the mmount apporticoed by the seven-States compact for divisicn
al Laea Ferry.

MINERAL SALTH TN THE REAERVOIR

Alter reviewing the records of present conditions the board con-
ciudes (p. 12): :

It is the opinlen of the board, in view of these controlling conditlons, that the
actual salt content will not be ipereased to an Injurious amount, even In the
boginning, and that, in & eomparatively short time, the (neoming sllt will be so
efective in blanketing the salt deposits that tho mit content of river walers
w.ll be reduced o about the pressat amount.

I‘.I.'I.-TL'I_TH OF THE RESBERVOIR

The board concludes thas the efficiency of the reservoir will not be
seriously impaired during the first 50 vears (p. 13), and estimates
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that 137,000 acre-feet of silt will be deposited in the proposed reser-
voir snnually.  Other estimates have usually been smaller than this,
ranging from £8,000 acre feet (A. P. Davis, 1922} to 105,000 acre
fapte. | Weymouth), N . o i

¥ 15 estunated by other engineers familiar with the situation that
well within that period other reservoirs will be constructed above, stor-
ing a greater part of silt, Five million acre-feet capacity 1o Boulder
Dam reservoir is allocated to silt control.

RIVER S3ILT BELOW THE DAM

The board finds that after the construction of the reservoir and 1t
is-discharging clear water, that silt will be picked up along s course
from that previously deposited, but that this condition will gradually
improve (p. 13).

POWER

Quoting from the board's repozt (p. 14):

Based on the [oregoing estimates of the variations of flow of the Colorado
River, it iz helieved that under present conditbons of irmgatien & comtinuous
putput of 550,000 borsepower, or 1,000,000 horsepower on & 55 per cenb load
faclor, eould be ranintained even during the years of normal low flow,

They then review the posaiblities of future development and its
offect and then stata:
© A 1,000,000 horsepower  hrdroslectrie plant fully loaded sand operatiog con-
tinucesy on 8 55 per eent load factor, would generate annually 3,600,004, MK

kilowatt hours of current. Im mctual practice this theoretical output might be

recluce] by approcimately 10 per cent. i _
_ With the unesrtainties-of the flow at Boulder Dam it s impossible to estimate
closely the average snnual output of power whish would obtain during a 5S0-year

period.

By referring to the preceding tables of Herman Stabler and E. C.
La Hue and their opinions as noted, it will be concluded that with full
irrigation development in the upper basm, the 75,000,000 acre-feet
cen bie delivered at Leess Ferry, during any ten-vear paricd.

The above supply squalized at Boulder Canyon is equal to approxi-
mataly 12,000 second-feet of continuous fow whie-:c.lh in turn will
generate, with the haad available, approximately 550,000 horsepower
under ultimate development. For present and near future condi-
tions—say for Lhe next 25 to 60 years—the available watar supply will
develop 850,000 firm horsepower. See report to Senate Committee
on Irmgation «od Reclamation, Jaonary 20, 1826, by George Tv.
Malone, p. 9. These conditions will obtain until full irrigation devel-

opmeant in the upper basin,

Tale showing Fow required wnder parying beads fo generate 550,000 firm horse power
af B per cend efficiency.!
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ECONOMIC FEASRIRILITY

The board reviews the sconomic set-up, mentinne the need of an
early settlement of the water question with Mexieo, and thon states
in. 15):

Thwe bomrd Iselieves thial the prowlng dermand foe poaer oo Sogthern Califorsia
when consitlered oo & conscrvative basia, will be suflickens fo abrorb Lhe probsdde
pwer oulput of the proposed hydrosdestrie plent,

n the comehiehing parngraphe of the eeport the haned atates (po 100

|:.l.'-""l'| et |hean |'1IT-'}:-|I;r,: |I.I|" |||r' |:!||:|1'|_l'l_'l__ﬂ |_|r |'\-|||_1_|" ‘_'"||||'|| '.'..i'” Fe e fid |-|'.|'
-'!':-"l"r the board ix of e l.‘:||-i|1i-::lrl that if Lhe Bovlder |J|,r|xr_|l1 J||'||j|-|:‘, " I'll'|"'||l-:l"|"'l':
ard put in operation, carrving as it doss the costs of feod profection works and
the sil-American eazal, it will be inpossible to meet the operation, maintensnoe,
interest, amnd o suffieient sinking fund to retire {he cost of the project within a
Si-wens period,

It iz obvious that the power which can be generated from Boulder Dam is a
valuable rescires,  I7 the income from slorage exn be reasonably tneressed and
the capital investment reduced by the cost of the all-American canal together
witha reduetion for all or a part of the cosl properly chargeabde o flood protecbon,
it wouid be possitde to amaortize the remaining rost with the income [rom power.,

The writer is of the D]I::i:.ir:-n that the Coluorado River board hLas
fellowed its announced ultra conservative policy both in design and
cosk,
COAT COMPARIBON
Comparisan Hureaw of Reclomation exlimoler and (he modified esfimaler of {ke
Codorede Kirer board
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The Colorado River board increased the estimates on the dam,

ower plant, and sll-American canz! from 21 to 70 per cent, but
decreesed the interest charges 11 per cent due in prrt to increased
cost of water diversion tunnels to be used during construction, mak-
iy 1t possible to work during flood periods, thus decreasing the
period of eonstruction from 10 to 7 vears,

The board did not consider the transmission lines to the power
markeat. : This item has been catimated st $50,000,000 for six 220,000
volt, 3-piese circuits, 300 milea Jong, inclusive of step-down substa-
tions, transformers, condensers, and intermadiata condenser sub-
stations.  Thia estimate is pronounced libaral by power exports.  Soe
the Malone report to the Senete Committes on Irrigation and iecla-
metion mentioned shove.

With s storage dam 550 feet high storing 26,000,000 aere-fest
of water. and 1,000,000 imstalled horsepower, it is eatimated that
450,000 firm horsepower &t 55 per cant load factor can be delivarad.

This would be equal to 2,600,000,000 kilowatt hours per vear,
&nd 1 mill per kilowatt hour far that number of kilowatt hours is
equal to $3,600,000 per vear,

For the sstims cost in mills per kilowatt hour of each item,
dam, power plant, transmission lines, and all-American canal under
old set-up, ses the Malone report mentioned above.
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Lierw influencing Sie Colorads Rires board to neroase the estinmia
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1. Increasad spiliwny caparcity.
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The woove fpurae rorrennond very closaly to those submitted ¢
the Ser-iary of the Intaror, by Frof, W F, ]Jl:ru'rfi af I.r'lur:‘
Stafiford Univarsity, in nis raport a5 snecial ndvisar 20 the Secrela
January, 025 fouad on pazexs 378 10 415, haannge bafore Sennto L-::l'n
mittas o Hae amat: nu_nn*'l Irmipation an 5. 728 end 2. 1274, Januasy
lT'-!ll, 1928, . i
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Durand rt to Secretary of the Interior, pages 500-501 ; compari-
son with Malone report January 1, 1928, page 19:

Fuel seanomy for cioam-plecirie power planis
{%IMks p=br & Sowatt-hoar]
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NotE—For 17,000 Britinh thermel unlta sromite fexd top page 39, Darand repact.

Mr Durand preparnd tables giving a choice of fixed charges to
thoso who desire to uso his estimates and two different fuel econamien,
one of 12,500 British thermal units kilowatt-hours yet to. be
~e'ized and the other of 14,000 British thermal units por kilowatt-hour,
se. dlly obtainable in new power planta. By comparing Doctor Du-
racd's table with Malone’s results shown ‘n his report to the Senate
Committes on Reclamation and Irmgeticn, January 20, 1928, it will
ba noted that the fuel economics and the resulting coats based on car-
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tain fucl” costs are practically identical as shown by the above tables;
thess resiilts wers arrived at entirely independently and presentad to
the committes about the same date.

Tumning then to the table of conclusions, page 21 of Malone's

wpamphlet: o
. ETFAN FOWER

Theseritical figure of 4.89 mills per kilowatt-hour given for steam
power delivered at Los Angeles §s basad upon 81 per barrel for fuel oil
and high cconomy. If this had been caleulnted by Doctor Durand's
formuls the amount would be 4.91 znills per kilowsatt-hour, which

E{i:ﬂ'm;l by about 1 per cent (12,000 British thermal unita per kilowatt-
s oour). )

]F.T}m forogoing: estimates are mnde for campurative purposea and
based on plant cost of $100 per kilowatl with an added cost of 310
for transmission purposes, making a total cost of $110 per kilowatt
of installed horsopower installation.

To new power plants constructed in the power markat, under con-
ditions that now obtain, a performance of 13,270 British thermal
upits, equivalent to 480 kilowati-hours per barrel of oil may be
expected. This item will range from somewhat under 12,000 Britizh
thermal units to about 14,000 British thermal units at pressat.

If power planta can be financed on the basis of & total rate of 714
tper cent anmually, such as is obtained by the public nlility corpora-
lioos pow operating steam power planis, and which 5 pquivalent to
public financing on a 5 per cent basms with 25 years, partial payments,
the abavo sstimate of costs will apply. '

It has been suggested that a decroase in steam cosis might come
about through the use of mercury vapor or the use of higher pres-
sures, but it 1s the opinion of engincers that the increased cost of the
mercury yapor in the first case, and the increased cost of comstruc-

Sion in the second, will preclude any material reduction.

- TRANSMIASION LINES
]&- Six 220,000-valt, 3-phase tircuits are proposed to carry the Bouldar

apyon power to the power markets; u]?e length of this line has heen
Yariously estimated, but the 300 miles which follow elosely the line of
the Union Pacific Railroad seetns to be a conservative estimate. The
cost of this line, including step-down substations, transformers, con-
densers, and intormediate condenser aubstations, is believed to be
conservasively eetimated at $50,000,000, including interest, during
construction,

Some com:pent has been made on the amount of depreciation. al-
lowed oo the transmission lines in this set-up; the amount used hers
is comparable with similar projects under private managsment in
Californie. ‘. _ )

- According. to engineers and such internationally recognized trans-
mission e, as Frank G. Baum, of San Francisco, transmission
oosts may be materially red icod within 10 years, on account of higher
voltagé lines, ete., so that a smaller number of lines would be required
(six circuits are now contemplated) to be constructed as needed.
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Three billion six hundred million kilowstt-hours, corresponding to
550,000 firm horsepower anoual charges of 84,175,000, 13 equal to
1.1%5 mills at the switchboard, which on & basis of 12 per cent line
losscs is equal to 1.32 mills per kilowatt-hour at the southern Cali-
foraim power market.

DEFRECIATION

Relative to the depreciation item which is thought o be low by
some, as assumed 1o this report, 1% 1s probably not understood.

If the "straight-line"” sinking-fund method of depreciation is
adopted, it means that for any given life in years of a piece of prop-
erty of known value, & certain sum is set aside esch year so that at
the end of that lifa the total amount will replace the property.

The sinking-fund method of providing {or depreciation consists of
setting aside a lesser sum, which, invested, at compound interest,
would when set aside annually plus the eompound interest in the
ageregate nmount to tha life of the property. hia method 1s adopted
here and is approved by utiity commissions,
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cosT OF BGULDI!E HFH_PGH'-EH AT SWITCHBOARD AND EﬂUTHE!"-I'
CALIFORNIA BOWER MARKETS

COBT OF POWER FER KILOWATT-HOTR AT TIE HW'ITC'!T‘]'!I_'I-.&.‘.I.T!' ANT IN
THE AOUTHERN CALIFORNIA POWER MAREKET2 ABBUMING A 12 PRR
CENT TRANABMISSION LDAS

We are advised that the I?E..DG'D,{HJG set aside for flond control, and
to be returned from 624 per cent of the net earnings of the project,
gﬂﬂ not hear ]nt-:-rr'st. The fu]lnwing table iz computed on that
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The above table of costa takes into account a @-year absorption
eriod during which time no 18 ]:rl.id on the $25,000,000 set aside
or flood control and the rem er o[ the cost of the dam and power

plant bears interest only, thtn the $25000,000 i amortized during
the last 41 ‘years in 41 equal annual payments with interest at 4 per
cent on the |'r.rugh-'ﬁ-lm:%

Cost of power per idlowatt-hour &t the switchboard and in t-h.-u-
ﬂuut.hcm California power markets mmr'l[i‘ 12 per cent line Joss,

«~ Assuming for purposes of companson that the $25 000,000 does
bear interest the same as the remainder of the cost of the dam and
power plant, the 82% per cent would equel ithe mmortization pay-
ments plus intereat on $25,000,000 in this event.

Cost Tanre No. 2. —Straight line baris
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Tha above table of costs takes into sccount a H-{]enr ahsorption
period, during which time interest only is paid on the total cost of
the dam and power plant, then during the remaining 41 years the
orizinel coat is amortized in 41 equel annual payments plus interost
on & straight-line basis,

LT

Transmission Uwe, 350,000,000 for six tranemisslon lines (see p. 810 ... 1. 32
Btaam stand-by servies for use in connection with Boulder Dam power in
southeara California power markets w variously cetimnted from 0.2 o

- 0.5 mill per kilowslb-hour_ e ¥

1. 52

Under the sbows azsaptions 182 milla mus=t he wdded to the
cobim, pover markast i Tables T oaned 2 (o preive ol the eoct of e
Boulder Dam power in the southern California power mearkels, nnd
of coursz if the tranamission cost or steam stand-by estmates were
changed, the tolal costs would be changed by that amount.

For example, then, under Table No, 1, the cost of the power de-
livered at the switchbonrd at the dem is 1.5 mills; to use the same
power in the southern Celifornia markets, 1 would cozt 2,016 mills

r kilowstt-hour plus 1,82 mills which would equal 3.836 miils per

ilowntt-honr, almost exectly double the price paid of used in the
vicinity of the dam.

If the transmission cost can he held to 1.32 mills per kilowatt-hour
then, assuming that the steam stand-by cost proves to be 0.5 mull
per kilowatt-hour making a total of 1.62 mills per kilowatt-hour in
addition %o the switchboard cost, then sssuming steam-electric
nower at 4,86 mills per kilowatt-hour [see paga 54 the Banlder

am power would theoretically be worth 3.04 mills per kilownti-hour
at the switchboard, or the difference in cost. It ie concluded how-
ever, that hvdroslectric power properly safeguerded by stand-by
service is more valuable than steam power at the same price because
of the atability as to cost, the varying price of fuel and other com-
modities having no cifeet whatever on the hyvdroclectric plants.
Steam-elestria power in southern Californin market (sea po 540 (estimata

af PBureau of Reelamation, under some eonditions 5.4 mills per kilo- 4”;';

WabE- D Ur) e eeiiiceaccememeeeeemecsesasssmEmEmEe——— .
Tranemission plus steam stand-by costa_____________ . .. ..ooeoooo. LED

Difference in mille per kilowatt-hour__________ ... ... &M

Of course any change in the cost of either the transmisaion line or
of the necessary steam stand-by, the cost of steam-clectnic power
remalning constant, must necessarily be reflected directly in the
“diTerence in mills per kilowatt-hour™ which is theoretically the
amount that th= Boulder Dam power i3 worth at the switchboard
under the set-up in the Boulder Dam act, where it is provided that
the power 12 to be sold &t & price “ that =eems justified by competitive
conditions at distmbuting points or competitive centers,” and pro-
viding readjustment periods to meet changing conditions. (See
paragraph (&), sestion 5, Boulder Canyon project act.)

MN353—B. Doc. 188 TO-2—O
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Tarrz No. 3.—Cost in mills per kilowalt-hour on F800,000,000 kil pwail-hours
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o Trble No. 3 is included merely as am aid in comparing costa of

Boulder Dam hydroelectric power delivered at the switchboard and

into the southern California power markets with the cost of pro-
ucing steam-electric power in those markets.

There_is no doubt but that hydroeleetrie power properly safe-
guarded by stand-by service is more valuable than a like amount of
stear-electric Power, because of its economic stability, the cosat is
not 1n any way influenced by the price of fuel, which is the largeat
cwingle 1bem in the production of power by steam,

** It has been suggested that steam-slectric power costs will be de-
ereased (see p. 58), but it is the conclusion of outstanding authorities
on this subject that any decrease in costs made possible through new
or lmﬁmrﬁi methods 1n producing such power will be more than
offset by the increased coet of fuel (seep. 27).  (See Professor Durand's
rt%;:?cért} to Senate Committee on Beclamation and Irrigation, January,
1 :

In anv event, contracts will be mada, subject to the readjustment
pericds outlined in paragraph (a) section 5 of the Boulder Dam act,
allowing a readjustment of the contract price to whatever change in
the production costs that may come about. The first readjustment
period is to be made within 15 years, which is approximately 7 years
after the power will be ready for delivery.
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COST COMPARISONS—OLD AND NEW 3ET-UP

[Taked from Cangrepeions] Heosord December T, 1928]

Mr. Prrrmax, This is what I want to call attention to: There was
not any question in the minds of the commission that the Department
of the Interior was right in its estimate of revenues to be received
from power, because there is no question that a reservoir of that
capacity and a dam of that size will provide 3,000,000,000 kilowatt-
hours of power,

The total cost of the dam—mind you, the total cost—under the
plans of the Department of the Interior, and of the all-American
canal, and the power development, together with interest on the entire
investment, would have heen $125000,000, They hold that that
$125,000,000 could be paid back in less than 25 vears from the sals
of electric power at three-tenths of a cent per kilowatt-hour. There
is no question about that being in the minds of the commission. 1f
it 1= true that thut power alone, at three-tenths of a cent, would pay
$125,000,000 in 25 years, why will it not pay for the dam and reser.
volir, under the commission’s report, becauss that is only $120,000,000%

Let me give the compiled figures. Here is the report of the com-
mission i this proposed dem, which I say is stronger, which has
greater spillway capacity. This is the estimate of the commission:

Dam and ressrvolr (20000000 were-foet capacliy), BT0 000,000,
Ome millllon horsepower developmeni—
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That means the power house—

AR R
Interent durlng constroction of above, $11,883 (0D,

Total, 130,453 K.

That is less than the $125000,000 which the Secretary of the
Interior estimated ecould be reimbursed to the Government in 22
years from the sale of power. Now, let us see what the Department
of the Interior said that power would pay in 25 years. This is what
thoy said it would pay:

Estimated gross revendes from male 3000,000,000 kilowoett-hours power, ot
thrse-tenths cent, $10R00,000,

That is the gross receipts annually from the sale of that power

Storage and delivery of water for (rrigation and domestic purposes EL1, 5000 e,

That includes, mind you, what they might receive from the lands
under the all-A:nerican canal.. That makes a total of $12,300,000,

Eatlmated fAted annual chargea for—

Cperation and maintenance, storage, and power, F 700, D00,
Operation and malrtenance all-American canal, 5060, 000,
Taterest on 120,000,000, at 4 per cent, $5,000,000,

Total, $0.200,000,
Estimated apnual surpios, §6.100.000, suficlent to pay the entire cost in

% TRATE.
It will b observed that the allowances he makes for operation and malnte

rapee are extremely lberal. The testimony points to costs belng more favuralle
than thus Imebealed, )

Mind vou, as tha Senate bill now under consideration eliminates the
cost, of the all-American canal as a burden upon the revenues received
from power, therefore we must adjust the estimates as follows:

Annual receipts from the sale of power, $10,800,000.

Fatimated fixed annual charges for operation and maintenance,
- gtorage, and power, $700,000.

" Interest on the above expanditures—that is, the total amount esti-
mated by the commission f-::?: the dam and power house—§2,820, (KA.
. In other words, the annual net receipts on the investment, as pro-
' yided by the commission, will be $7,180,000. That is the net.
¥ The Secretary hus held that $6,200,000 would amortize §125,000,000
.in 25 vyears. Consequently it must be obvious that $7,180,000 will
- amortize $120,000,000, the estimated cost of dam and regervoir pro-
" posed by commission, in 25 vears. Those are the figures. Those
gures are not questioned by the commission at all, except in one
particular.

Mr. Nowris. Mr, President——

" The Przsipiwa Orrrcer (Mr. Thomas of Idaho in the chair). Does
_the Senator from Nevada yield to the Senator from Nebraskal

* Mr., Prrosiax. 1 yield.
s~ Mr. Norkisal hope the Senator will pardon me. I was listening.
with great interest until the Senator had reached the point where
i he was giving the amortization period from the commission's estimate
!when I wis interrupted, and I did not hear what the Senator said
" after that. Will he be enough to repeat that last sentence

Mr. Prrraaw, T will bae very g%l.d to repeat it. The Department
- of the Interior found that the annual revenues from the power alone
would be $10,800,000 a year. That is the gross. That higure is not

I
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Jizputed] by the commission, eizept that they throw doubt on 1t in
the way that I will read later. Tgm romputation is not questioned.

Leaving out the all-American canal, either receipts from the land
or expenditures, the cost annually for operation and rmaintcnance,
torage of water, and =o forth, is $700,000 a year. The interest on
the amount estimated by the Department of the Interior to build
the dam and the reservoir, during the period of construction, wou.d
be $2 020,000, miving a tolal annual cost under the estimates of the
Department. of the Interior, leaving out the all-American canal, of
€3.020,000, That would leave an annual profit of $7.180.000. What
would that do, according to the estimates of the [Department of the
Interior! Leaving the all-American canal in, the Department of
the Interior says the annua) net profits would be only £6.10:0,000,
but taking out the all-American canal the net profits will be &7.150.-
000, Dot the Department of the Interior reported that the annual
returns of $6.100.000 would amortize the full lean or advance iy
the Government, the full $125.000,000 which includes the cost of the
all-American canal, in 20 years. If 86,100,000 wonld amortize the
total cost of 125000000, as estimated by the Deparfment of the
Tnrerior, within 25 vears, certainly the larger sum of S7,180/0K)
would pay off in 25 vears $120.000000 estimated by the eommission
as the total cost of the dam, reservoir, and nower development aceord-
ing ta their plane.

Jow do we got the £12000006007 We got it by taking the esti-
matad cost of the dum as prepared by the commission, which they
say is $70,600,000. We tnke the cost of the power plant estimated by
the commission, which they say will be 5,200,000, We compute
interest on that ameunt af 4 per cent during the period of seven
years that the commission say will he required {or construction,
and we Brd it ameunts to S1L682.000, The totel cost s $120,452,
000. That is the total cost according to the plan of the commission.
Of course, we admit that the estimate is enlarged by the commis-
sion for the sake of safety. We admit that they have doubled the
spillway capacity as a safety factor. We admit that they Liave in-
creased the rost enormously. But notwithstanding that, they hove
not increased the cost of the dam and the reservoir and the power
house up to the cost of the total project, including the canal, which
the Government expected to pay for from power under the House
bill. Cunsequently, there is no grjubt nbout 1t

But let me read something else.

Mr. Buarrox. Mr. President, will the Senator yieldd

Mr. Pirraax. I vield to the Senator from New Mexico.

Mr, Brarrox. Neither lias the commission questioned the capacity
of the project to develop the amount of power to which the Semtor
has just referred nor the cost of operation, so that by mathematical
caleulation it is definite that the income and operating expense will
be just whet the department estimated it to be

Mr, Prerasan. The Senator is correct except in this wa

Mr. Bratrow. And that by mathematical calculation it i Jefinite
that the sum can be amortized within 25 years based upon the figures
given by the commission and depariment.

Mr. Oversmarw. Mr. President, I would like to inquire wiether
the cost of the transmission lines has been computed and ineluded
in the cost of the dam?
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Mr. Prrraax. They have not, because there is no authority in
the bill to construct transmission Lines.

Mr. Overmax. But they have to construct them, do they notf

Mr. Prirsaw., Yes; municipalities, corporations, or others, to get
the use of tha electricity.

[From Cosgresslonal Recor] Desembar 7, 1028)

Mr, Purers. Mr, President, T do not intend to discuss the measure
at'length to-day, but I am now in receipt of 1 communication f-om
‘the mayor of the city of Denver, in which he tranzmits to me a
meinprandum on the sebject of the high dam on the lower Colorado
River prepared by the special counsel “for the city of Denver. I do
not consider it necessary to read these communications at length, but
I do consider them of J"npﬂrtnnﬂ‘ and therefore request that they be
printed in the Rocord, including the letter from Mayor Stapleton and

a8 copy of my :{rknnwludg'mlm and the counsel's report.
‘F l‘nnmﬁr Orricen (Mr. +$ll‘.‘.kl:|!t- in the chair). Without objec-

tion, it is po ordered.
* The documents referred to nre as follows:

Dewvem, Corn, Deoember, 1885

Hon. laweewce O, Pmirrs, |
< Hemate Offce Buitdieg, Waakingion, D, €,
Mt Dear Sevatom: As mayor of the elty of Deaver, [ ask 8 momadl ut Four
tn' respeciing the Poaller or Black Canyoo blll of Senalor Johoeos, being
TIR

I wan* to let you knaw that while, of conrse, the primary porpose of the pro-
pose] high dim is flood aod "t control for the benefit of the Imperial Valley
and melghboring areas 1n Callfornla, and to semme extent for certmin of the ows
lamnds of Aricona IFing along the river, vet the b, ino solving the flood problem,
wousld serre as & most !mporiant stép in the solotlon of {he Colorado River con-
troversy. This comtroversy has been raging for years among the seven Colorado
Eiver Srates,  Indesd, nnless this bill or an equivalent bill pro-'ding fou n high
dam somewhere oo the lower Colorado ghould be passed there « sald be no way
under the pecallar [nterstate water law of sur part of the country by which
with legal certalnty the opper States of the Colotado River Barlzs—Colorado,
MNew Mexipo, Wroming, and Utab—with whose {nteresta the city of Denrer s
identifie], conld secure & segreguiion of part of the water of the river for thelr
fotnre grawh and sxpansion.

There 18 g« rather common impression that the proposed project (s of no

advantage excipl 1o the floo] arens above referrad Lo, whersas the hill 13 needed
almost as moch, althoogh for reasons differect from fhose of food control. by
the upper Slates apd thelr citles a3 well, I am aware that this bl Jdoss oot
follow In all respects the corresponding DI that has passed the Hooee, but
andoubtedly the differences would be adjusted o conference commitiee.
«1 [nclows copy of memorandum filed by the clty of Deaver with the Colorado
River Doard showing s [ta titke (odleates, Why & High Dam at 3ome Polot
o8 the Lower Colorade Is Needed by the Upper Basls aod by the CIfy of Denver.

With thasks for your brief conslderation, [ am,

incerely youTe,
Brxy. F. Brarierox.

Dereumen 7, 1088
Hon, Bexsiwiw F, Brarixrox,
Mayor, [eaper, Colo.
My Deax. Mavos Starcrmow ; Acknowledgmaent s made of your recent letter,
without date, urging the ennctment of B. T28, the bill for the construction of

the Ramlder Canyon projeet.
As &« member and later chalrman of the Senate Commlittes on Lrrigation, I

hare stodied this matter for many years apd agree with you that satisfectory
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isgislation for the constroction of this dam, which would ales brings abont the
ratificatlon of the Colorade River compact, would be af mabatantlel ald toward
pecoring water from the stream for Uelorsdo and other upper basin Statee.
From ibe start I heve been most ApXious sdequetely ‘o mlegnerd Coloraddn
future, ns well as preseat water tights, and have gtudled the protlems avolyod
always with that theught In mind,

I shall take pieasure In calllzg your indersement of the proposed legislation
te the a‘tentlon of my colleagoes in the Hemate, and gimoerely trust that a =et-
- lefactory blll for this parposs will be enacted g=ring the prevent seasion of
Congroas.

Cordally yours,
LawrercE O, PPHFFL

Mrdopanouu om WHY & Fan Daw it Sowr I'mxt ox tie Lowes Coromans
18 WErDeD 5T THE Urres BASIm AWD BT THE CITT OF LMENVER

{By L. Ward Banalgter, special counsel for clfy of Denver)

Dewrem, Coto, November IT, 192,

Coroxits Rove Exarxeomms COMMIBSTON
{Mad, Gen, Willlam L. Sibect, Chairman),

(IEXTIEMEN :

L] L] - L L]

DETYEL'S INTEHERT

Colorgdo’s principal sonrce of water sapply o serve heo futare expacslsn
1s the Colorade River. Denver does not want to be lefl to the fate of bl EUE
the capital elty of o State forever Nimited In (s econombe development by
abortape in water supply. Furtheli.nore, Denvér Ueelf has Initiated rights
for tranmmonntaln diversion from the headweters of tbe Colorado along severel
M¥erent rogtes for use of the waters within the eity. Denver's Interests In
the Colorads River are ldentica! with those of the npper States penerally.

TANE DANIER

The dooger to which the upper States, ineinding the elty of Denver, ara
expossd arises from the sature of the law governing Intersiale sircame and
from the narore of the present and prospeciive uses of the water of tha
clver. This comblpation of lawr and fact puts |n jeopardy the chance of the
apper States to Incresse thalr present uses of waler uniess high dam should
b bullt ot gome polot on the lower Colorndo.

TEE IAW

The case of Wroming v Colorado (250 U. 8. 418), which b the latest of
the decisions of ihe United States Supreme Court, laye down the rule, mith
rertaln modifications which for purposes of m margin of legal safely oeed uot
b notised here that waters ars to be divided belween Hintes which main-
taln the appropriation sysiem of water lnw, as distirgulshed from the riparlan
gvstem, accopding to seclority of use regurdless of State lirea Under this
rule the earllest users Io the order of thelr stnlorily and po matter Where
sltusted bave the fret right to the waters to the extent of the necessities of
thelr rompec:ive uses as originally estabilahed] and the later users get what
s left. Whether the latest users pot anythiog at all depends npon whether
anything is Jeft after the water ls supplied first to the satisfaction of the
nsea which are older than thelrs. Since this rule works regrrdlesa of &b .8
lines, it would follow that if only the waler uses ln ope Hiz's wers sarly

od the water searce snough, the otber State wonld go withont water
in the gbsence of special remedies to obrvin‘e such an unfortunate resolt A
high dam and the Colorade River compact raulSed would conatitnia soch
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Koagbly sjpeekiog. about cue-thind of the waters of the Colorado sysicm hare
e pul {0 fhee Sod the four wppsr Hilates are uslng aboof e same qoastlcr
ihmt the theee Jower Siniles are using, The remaining two-Lhirds bave ool Leen
et to use,  LDuring the perbod of low, water ench year the volooe of the
water In Eha river s more "han safBclent to tako care of (he presenl Daea
ln thee JlTeren: Siates, mned Lbaere have beem severdl years lalely whes It was
jpsuMcient ; lp olber words, whea the patural low Dow was overaporoprisied.

I the uppwr Slater there are po pew waler projecis of greal draft upeo the
river lu slght for thie uear future, There are pene of suck slgnlicamce for agrl-
culturnl purposes nmeng the lower Siotes, except will proposed Goverament ald.
There afw power projects, bowever, propossd for (he lower Htales and to b
lcenmed by the Frdern! Power Commislon sufcfent (8 sise o oee mll of the
pow unitscd waters of (e Colorades Jiver.  Ajqiications for these projects are
pealing alreads, I these projects showld be lleensed by the Federal Fower
Coppmission npdd Wi, they would be entitled, 1f the rule of priority cogerdiess
eof Hbate Unew, o to e oapplled, as condendod by the lowes Siates, to have all of
the mow Sinosed waters of the rlver o down farever to the lower Dtntes to
satl=fy the requirensents of those projects ; In which ercnt the upper Btates could
ot hedid sweh waters back for ose within thelr own Hmits, aod In Coameguesos
the eoonomic development of tho=e States as far oy depeoding upon the Colorado
Ittenr would b mt an crd, nless spacial cemed les sire to e adopded 10 clroam-
vent #uch & disaser, A NIl dem owoeuld be such & remcdr,

accordlng to o memeropUue issyed to me, under date of December 9, 1927, by
Enginetr E. B Debler, of the Reclamatbon Seevles, 1t appeats that che low Sow
of the river @ cxhaustod to & degres more serlous o (e upper Siatea I thls
memoranduin 3 correct, than peoecally supposed. The hoad gate of the Im-
perial Valley diteh fs below Yoma, amd the capecity of that ditch is sald by Mr.
Dietder 1o e 8,500 seeond feal, with a water ¢lalm therefor of 10,000 second-feet.
Yei lt.nlso appears that for 32 daya In 1215 the fow dropped as low as 2700
pccond-Teet, and that the avernze (low for 1he same poriod was 4400 second-Teet ;
that fur 24 days lm 1910 the Bow droppes] to &8 low sy 2300 second-feet, with
the average Tow for the same porkod ot 4000 second-feel; that for 73 duye, In
s gummer of 1024, the fow dropped as ow ne 1,200 second-feet, wiih ihe
nrerape flow for the pame Derlod nt 3,300 second-feot | that for 35 days, In the
summer of 192, the flow dropped as low ns 2440, with un aversge fow for the
same period of 4000 secomdd-fewt. When I say that during any of these paricds
mentlnned the fow dropped to a cortaln winimum I do oot mean that thls was
trus for che eutire periad, bat only st same period of time within the pericd.
The average Aaw for cach perlod an o whola T have glven.

The Califo-nln prloritles, Inclwling thome for the Imperial Valley diteh, are,
Mr. Deblar informs me. ald ¢nea, dating for the moat port back to 1000, Tle tells
me that 1he same thing Is troe of maay of the Arfzone priorities. 1t 1y anld that
most of the priorltics In the upper bagln lo polnl of aEgregale of water Are more
rerent,  Assumityr thiz situstion to be troe, it faliows thet 18 priorities recard-
lesma of State lines were tn be greictly eppiled), the wpper States, In defanlt of
anine epeclal remedy, =ack as inferstate compeet amd the bullding of a hizgh
dam under act of Coperesa, wonld be obliged to fllow seome of the waters Tepre
aenfed even Ly thelr exhiting prlorithes {0 go down to satiafy carller priorities
of Californta sl Ariesns,  OFf conree, If some of the sxisting prioritles In the
upper States wonld he obliged to surrender water fo earller priocitiea In Call-
fornln and Arlsona, (¢ wauld be nll the more frie (hat sueh A mreender sonkd
be (mposcd ypon priocitioa In the npper States not vet ereated it which are
wigte P coie (Ato eTlstence ax the npper States continue thelr development.

Az far ar prescnt consumptive uses of the waters are concermed, Callfarmis
Ir mere of n rival of the upper Stntes then la Arisena.  Unider date of Decem-
ber 14, 1%, ihe same enpinesr, Mr. E. II. Debler, informs me by a lstter that
neariy all of the Californba sod Acizons righta out of the mals river, @0 far
an voluma of water clnlma la concerned, are older than 1900, and that of the
water thos rlaimed, Arisons has SZ1500 mere-feet per aooum and Callfornia
4017000 more-feol; mamd that In terma of peak flow per second of tloe
Arizona's claima acEresste BBR3 roble féet apd Oalifornin’s 11,567 coble fest.
Clearly Californin's eln!m 'n terms of scre-feet belng over five thmes that
af Arlwona, and in terma of second-feet belns over thres times that of Arlsona,
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i follows that Callfornia s man® tleaes are ddangersns, w95 ps ex=Hoe
righta In the main sireaom are concerned, thnn v Arizonn and most Le el
with by upper Stales

EEMEDITA, INCLUTMNGD THAE (11GIT DA

Immense projects ace lo the offmg for the lower Stotes o be bulld ooder
lleeneea to be sought from tie Federn] Power Commlssion, anl with nn profects
of enrresponding megnitude In elght for the upper Siates (o fhe Immcediate
fatare, and with the low flew of the slver already overappreonelated, and with
eaome of the exiating water righta of the upper States nlreads in Jeonardy he
canan nf the contentlona which eprller pappropeintors In the Iowsr Hfplog are
making for a peeference, [t folloom that the upper Atnbes must ek, IF they
wirild protect themselrves, same remedy whieh, while affording o fadr amosnt
of the water to hoth groape of Btates, =il not pacrifice the seonmnle foture of
cliler group as 18 might be sacelficed under the rule of prlority reoaridloes of
Stnte lings without fatecventlon of any kind,

The beet remedles are fhoss of Inderstn’n nereement, such pe e Coloradns
River eompact, and & high dam bollt ander anthority of fhe Comeress AF sodne
palnt im the lower Bitates, and with the salldly of the compnet reinforeed an far
ax the Congress may have power fo eelnfores 18 by appropelate provlslan to
that end ‘neerted in the bIT anthorizing the dnm.

The upper Statéa can not get Callfernia ta eatify ‘e Colarndo Tlver cnm-
nact nnleas @ high dam be provided. Furthermore. (P a high dam weere halld,
the exiating eariy irrigation rights In Callfornin eod Arlzona conld be sat!isfisd
ot of the flond flow of the clvér. leavioe the Iswr flow to he eetalned for nea
in the apper Stntes,

Callfornla argmes that, white she wonld he gled te enier Into a eompact
with the opper States for a divlslon of water hefresn the two PEOTSE of
Btntea, vt she can't do it with safety withont a high dnm, for the simple reason
that the balk of her existing prioritles are enrlior than the hulk of the priccitbes
In the npper States, aned [herefore preforoe], amd that shie sonld be sacelieine
1hem by enterlng Into am Agrecment to dislde fhe waters unless r hich dam
wary provided 1o ovder to supply them. The Interest, thervefore, of the apper
Atntes themmelves requites that n bigh dam e baflt In order that ther msy
obirin Callformia's signatore to che interstate ngreerment, and (LAt the nonnal
Ao of the rlrer max be retalned more larpely In the nppes States and the fond
s Bow veed more lasgely In the tower States,

[t does mnd matter to the cliv of TWenver where the hlzh dam fa il
whether at Boalder Taovnn or HAlack Cnnyom or eleswheare, Aa [ORF is one
Ia bullf, T doem not matier whetber (be power 8t the dam Is generated hy
the Cavernment or by privete enterprlse, It does pob malber whether rayn!élos
be il to fhe States {n which the dem Is altaated or not, slthones 1aseiies
fir those Bfates would regeire some pravisian for Inenme. From dhe stand-
molrt of the eltr of Deaver o'l of these questlon= white Imnartant. are mines
compared with the greater guestion of brincins abont n diclelon of the waters
betvween the two rrouns of States throvgh the bullding of & high dam nnd
rrElAention of the Colotado River compact.

Trere have been proposals of & low dam [Eetend nf & hier “am. A 1w dim
w.old afford flood comtrol, It s troe, but It won!d pot solve the Colorado River
coniroversay, becaose it wonld et provide for the sati=faction of exiatng water
prioritles In the lower States.in the guantity necessaey tn induece Callfernia to
enter Into an Interstate agreement.  Tndesd, the apner States wouold be come
pelled In tleelr own Intereat to fieht sany conereasioral progwisal for oA lowr
dam. becanse an the waters woiid ba relensed they wonld he et tooaddls
tlanal mse In the Tower States and milditlannl riphtn wanl] be clnimed {a 1he
lower Btaten hy reason of this mdditlonal use, Aol the wpper States wanid find
themsclves without any Interstate agreement hy which the additional nae
could be compensated by an increased uee to the npper States,

The city nf TDenver fa prepared to accent & project for a high dam, even
thourh the Colorade River compact shonld mot be ratiflied by more thanm six
Btafes, but hopes that Interstate differences mary be adjusted, 8o that all seren
Htates may be included, thus eatisfying all States and Increasing the certainty
of the legallty of the divislon of water hetween the two groups of States.

I 49 not w wlth acenracy Jost what questlons vour commirsion wlil!
conalder In remching sonoclnefoms. But {n bekalf of tha eity I want fo get
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wefore vou the attltude of the clty, as malntnined by Itz mayor, the Hoo
B. F. Stapleton, toward the proposed Boulder Canyon project, koowing that you
Will eongider any polnts material to your labors and recogmising folly that all

afiwrs wlll e disregunrded.

Ttespectfally,
i Wand HANNTATERL

Epcolal Tounsel for (ha Uity of Demoer.

Mr. Puirrs. Mr. President, I do not know of any Senator who has
not been convineed of the necessity for the construction of a dam
on the lower Colorado River, particularly for the purposes of flood
control. The diffnvences that have arisen center about the question
of the advisability of raaking it & high dam, and the arguments pro
and con have been under eonsideration by your Committee on Irri
fion and Reclamation for a term of years, including in its studies
persunal visits to the neighborhood and the site of the proposed dam,
anl :n” taiing of testimony which now comprises almost s library
15 aksel f, .

Personnliv I have found it one of the most interesting, but at tha
same time the most intricate and diffeult questions that T have been
called upon to consider since I became o member of the Senate.
- ‘Lhere are sy many ramifications, thers are #=0 many d:ffersnt pointa of
view, and even with & bill that is presumebly perfected, when we come
Lo reread it we discover some point that has not been properly ad-
justed mnd an amendment 15 proposed Lo correct that situation, snd
we find again that that invnll-‘vm additional changes in some other
feature of the Inll ‘

I have gone on record heretofore as not enly favoring a dam for
-flood control, but that it should be & dam as high as could be con-
- structed with safety in order that hydroelectric power might be

rociizeed thersa with a view to deriving a revenue thit would, at
least in part, pay for the cost of the structure and whick would at
the same time provide waters for irrigrtion and also for domestic
use, necd for which in the lust two or three vears has heecme more
(than ever apparent in the cities of the corstal plains,

FLOLD CONTROL

The cost for flood control only has been discussed, and it seems
pertinent that some mention v made of i4 heve,

The cost of the dam itself-—550 feet high for the storage of
20,000,000 acre-fert—has been inereased 20,100,000 by the Colorado
River board over the Bureau nf Reclams*ion estimates. Practically
all of the hazard in constructing a dam of this type under the exist-
ing conditions is encounteres in the foundation construction and the
first 50 feet in height of the dam.

({L] vod, 4, p T

(At lenst 50 per cent of this ineressed cost wenid be in the frimda-
tiong, spillway c%m:it. , and the increased diversion capaclls pro-
vided by the bea md}'wuu]u apply equaliy to a low dam for flood
coutrol provided, as has been proposed, it be constructed in such
manner that it can Inter be raised to the 550-foot height to fulle
utilize the site. If this iz not done, Nevada wonld be deprived of
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her natural resource for the benefit of the publie, with no hope of
ever fully developing her portion of the river.

Twenty-eight miilion dollars i1z the cost estimated by the Bureau
of Heclamation for 10,000,000 acre-feet canacity, flood control only;
add to that 80 per cent of the increased cost of the 550-foot dan, as
added by the board as outlined above, would amount to F28,000,000
and $¢3,280,000 and would make a fotal cost »f £51,280,000 for flood

control only.
Proponents of all plans of river development say that the construe-

tion of & high dam at Black Canyon wi!l fit into the full development
of the entire lower river. However, the ides is advanced thet it
would be more economical construction to buila an upstream dam
first. say at Bridea Canyon, then the floods could be controlled while
developing the downstream portion of the river,

Thi= method would cheapen the constructinn of sibsequent dams
below, but if it is proposed to return any of the original expenditure
Bridge Canvon or any upst~eam location is not feasible at this time,
there beinge no market within economic transmission distance for the
power. (See Hon. Herbert Hoover's statement before the Senete
Committee on Irrigetion and Reclpmation December 10, 1925, pp.

599-615.)
{Senator Oddie, of Nevrda, introduced the following statement :)

STATEWENT o oM. Jiemmear Towvel, SECHSCART oF COMMIRCE
Waswrseran, L[ C.

[Tekes from Senals commlttes records on reclamation eod irrigntben, Decrnsber 10, 1025
P B89 Lo B04E]

Becretary Hoovee, Mr, Chalrman, I have the convietion that the sommites,
due to the many heariogs thut [t bhas beld In (he Oolorrdo River Dasin and
the lnrge knowledge (hat the 'sembace of the comm!tles poascss of the proble ns
outslde even of (Bat, probably do not wish me f0 traverse the whids romrdes
of the Colorade River; aml [ am a Httle in doabt as to the points upon which
T could b of aeclsinfes fo the eommittes on

Jtut I prepared &nd beve here befors me o brisf node &% 40 one of fwa qress
tlons. T mm not nt all certaln s to whetber (hey are germane to matbeds
on which 1 pomilly can be of sarvice

I may say that the Colorads River problem does pod lle In the lack of
enofmana resourced In water, In arid lamd, and in power. or of private or
pabdte capdial to dovelop it The dillculilea sre tho sharp conflicie of aplalon
of the people Lo the basln co g muititude of questions as (o tThelr cighte, helr
Interests, and the method of development of the river. And these conflicts
have bevn In conrss of dacossion, to my knowledgpe, Tor some 15 yesrs. Thay
hav: reetlted in Innumerable confecences, (dlscussions, and appeals !o leglsla-
thon azd te the comris,

The first of these condicts, and the one that overrides all others, iz the
confllict over water righis between the seven States. The four Btotes In the
upper basln have, notarally, opposed any development in the lower basln until
woch time ea they could bhave assurance of soma fred sssurances of their
water rights. As the commlittee [s well aware, the applicatien to bhenefcial
use will glve priority In water righls as between States, and, nz the develrp-
II:I:I.-EI.‘II: of the Colorado Fiver will take place in the lower basin long belore any
inree develupment n the upper basln, therefore the upper-bosin States have
Just!Gabiy Iwan resolnte In thelr demands for soms Axation of the rights befurs
th?r- nh-tll*ht consftTocion and than extenslon of booefcinl oee down belave.

n oan attempt to solva hia . oo BOme FRACA B compact comandiaslon,
Tepiesenilng ih= aeven ﬂmu.mﬁ-m ['r-.."mm:mnr, was f;tnh.'llm s,
88 you Are awate, U dcled as tho chalrman of that conmission. Hearfngy and
sranions of the commission extemded over a maiter of over 15 monthe and
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]
stlpe cmmission was composed not only of delegates from cach of the Statea
et 1lic.most of the mewinua were attemdod by their atlorncrs geseral. and a
rumber of the sesalons Ly all bal one of the then governors of the Sinfes

After n grént denl of discueslon and negollatlon # compact was arrived at
subiect 1o tatificntien by the Brate legislatures and by e Congross.

The compact (HAd Aot attempt to solve aap problem oo the Colorade River
except water Tights, and It [imited its actlon to a divlaion of the walee
belween the upjer Lasin acd the lower basin It furthermore limited Jtam
aetlon to a divigdon ef only a portlom of the water «f the river adjoining &
further apportlonment of the water to a considernble pumber of Fears 1o
the future (o awalt the character of development,

The compact commlizson belleved that If progrear could be obtnlned that
far it wauld ot least take the hlock off of the development In the lower basin
an] would reduce il other contl'ery fo prrely local aurstions. which coukl be
mare caslly settled with tme

The compaet way rotifled without rescrvation by #ix Teglelatures, ihe Arizona
Lecisdature (assing 1he compact with some reservations Dt appeoral woas
refused by the governar,

subscquentiy. (o oriler to try and 10t the block on des slomment In the lower
basin® sotha of us =uzgesied a 6-State compact, or. rather, a ratifeation af
the eompfict among &% Staloe as being suffclent to sotlsfy the uppet-basin
Stmtes.  Under that proposn] the compact was ralified by flve Stales, and
Calforrin mede resepvalions which the northern Stated heclined to nceept

ne "ta the action of Californie, that peoposal has feiled in amy proactical
result, =0 that at the peesent time we are still In the midst of the corilict aver
waler rislis, . .

One thing that 1 have heen Imprezsad with In all the flncussior that has
gore on for mencly three yoars siube (Do compact A signed 1z that there hasz
Iseen very Itie substmndlul Rrolelam me fo the equltles of the proposfls In £ e
compact. Colorads, Utah, Wyramlag., New Mexico. Neradn, mnd Calf{ornia
acceptée them in fuil. The Arizean Lerislature ratificd the compact with reser.
ratbems that Md mot again challenge the squitiss of the compact serlously.
The nunrrge aver the colmpect have heen dus Lo attrmpts to force extranenus
giestions, 1 balieve.] ean sny that the commission arrived at an extrantdl.
piry sucecssiul document when yoi comslder the tremembous coniliat aml feel-
I over ils guostian

Theee bave recently been oopversal ors between Colifomia and Arizona In
an stterapt to agree upot (ke diffecencce. A commlitee. partly appoleted by
the Colifernia Logleature nml partly informel, hax drawn up n proe forma
enmpnet to we sigaed between Callfernln, Arlaomna, nnd Nevada,

The maln compact provides that the Interatate righls between the States In
{he Jdifferent basine shall he subsequently sottled By further compacts.  Thils
action of the folk in the southern basin ix entirely In Vine with the purpose
of the maln comoael, and o thelr propossd Iowerimsln compact ther, o
eorrrec, wlipuiate 1hat It 18 sublect to aecoptanes of the main Colorado Rilver
coampnot el

1 am rather hopefil that (hat negetiation will sweeesd. They are starting
on verr sunul Hoes as far as [ onn oheseres. Aml 0 settiement of that confliet
might make dt pessilile (o reeanvens legisialures and secuse carly mtification
of the compaet ail along the linee. We would, In cawe of suctoas of those
negntintlivg, have practically setthed what T regnrd a= the most dificelt of the
[t BTl T ]

The next most Brporiant line of conflics J« aver the character and location of
the first works to be srected oo the civer, 1 belleve the larpest groun of those
whe ave dealt with 1he problem, both ongineers and bosiness folk, have come
td the concluslon that there shooll be a high dam erecte] =omewhere In the
vletnit of Plack Canyon, That {s known usaully a= the Boulder Canyon wite,
bt peeertholos 18 e acteally Biack Canvon, The dam so erected la propesed
it scrvie Lhe triple parpose of powser, flom] contrel, amd storage, Porhapa T
shauld ='ate them a2 dfferent order—foos] control, storage, and power, A3
powner In m bhyv.prodoet of hese otber worke,

There are theorel ical englncering reasons why flood posreo]l mod eioTAfE TOTES
arinid be peseted farher up the river and why storsge worls ahonld e erected
farther down th~ tiver; ard [ have not any Asubt {kat glven apsther century
uf development sn the river all thesa things will be dooe. The problem that
we hate 1o monchler. homerer, Is what will serve the next peceration !n the most
eennamical manner, and we must take cajfital expenditure and pswer markels
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intn rocsiderntion in determining this. I can concelve the develspenent of prob-
ably 15 diferert dams o7 the Colorado River, the securloe of GONLED or
7000000 horsepower: but the only place where there is an reopgmlc markel for
power to-day, at least of any consequence, s ln southern Californin, The roo-
nomleal distaner For the waest of such dams being too remole Jar thad market
Na doube markets will grow In time as to warrast the censtruction of (nmas
all up aad dows the river. We hove to eonsbiler Lere the profilem of Onanclng:
that in the erection of a dam—or of any works, {or that matter—we U=t make
y0cll PeCOYErY &8 We can of the cost, amd thersfore we must find an Immediate
market for power. For thal reason it seems to me that logie drives ux as near
to the prwer marke! ns posslBbie, and that it therefore takes uwe down Into the
|ower CARFOMN.

The dam therce I3 recemmendad by the reclamation englneers. and I belleve
thelr latest vlew Is 540 foet in helght. This woald, I belleve, serve the Eripee
purpose of flosd control. storage, and [Ower, s0 Iar ax We Can w04 alewid, for
the development of Irrigation, domestic weter supdy, and neel of power for &
gl mARY yeara to oome,

! tho DOE Delieve that construction at that polnt Is going to laterfere with the
evabematle developorent of the Colotado Illver loF giorgge and power ALOTE
and below. As 1 beve said, 1 think the time will ¢come when a sioTage dam
shoulld probably e crected below Boulder Canron swd thet storege dazms and
fool-eontrol dumsa will be ersctsd far sbove. Those of Fou who bhave Toaice
inte the enginsering problems Invelved will recogulze that tie operation of &
slogle dam for the (ripde purpose ia rather diffeult aml will sat glve the maxi-
mum power resglis. For [nstence, such 8 dem most D partly ampiy o antiel-
pation of the spring Dosd and hence the power posaibilities will be much
dlralnisteed, and beyond (his it will be necossary thereafter to lower 1he hoad
for {rrlgntlon purpeses. Thus the power production from sueh o dam will he
rathar lrregular,

Bar, iz any avent, T do not believe that we can not now contemplate the #z-
penditace of the several husdreds of mullons of flallare nerasATY 0 CArTY OOL
the theoretionl plan: we should confine ourselvea to what we can afford to spend
now, and I do pot belleve we will destroy the posalbilitles of the river for
apstematic development by this courss. TWe must awalt n settlement of
population nnd thele demands to create & need for the fature development,

The proposed Tlack Canyen Dam of 540 foet, as estimated by the reclamation
euginesrs, would cost about $41,000,000 or 12000000, The cost of an clee-
trieal genecatlon plant to go with 1t would be aboul apcthec $33.000,000. And
the transmission lines to the power market would be somewhere abowt §27,000,-
() more. or a total of from $110,000,000 to $115,000,000 for dum and squipment.
The loes of interasr during construction would be $10,000,000 mere. The alter-
native plan of a O008foor dam would require something 1lea §20,000,000 more.

Now, the 340-foot dam would apparently develop, theoretically at least, about
550000 primary horeepower and anothér 450000 secondary horstpower. No
eogineer could may At the present moment what ihe actual poTer development
will I, becpure sope of us know wntil we have hid experlénca how much
the elsctrical pomwer will nesd to be made sabfective to dood control and Irriga-
thon In the manper I have referred fo: hat in any svént fhess theotellc Agures
nre poasbly near encugh.

WNow, a large part of the power develepsd wil' be needed fo poemp the water
for the proposed domestlc water supply plan for sonthern Califernia and both
the manufocturers amdd private power companbes will ne=d the sarplus pomwer,
[t seems T0 me we D] some cobsldarntion here of making a settled Anancial
plan if we are fo expedite (his very urgently needed developnect. The people
of sauthern Callfornia bave recognised that the folk In the Eastern and Central
Atnies will probably not be anxious for the Federsl Government to dod the
whole of the $115000.000 for this development, and they bave already ex-
prossed their willingness to make a substantial contribution te it, hoth from the
munbeipalities and from the private power companies. It seetns fo me that
iho Feileral Qovernment has & very sulsfdntial obllpation In this =atter. It
Lax besn traditions] te provide fieed control in the protection of our peoplie 4l
the cost of the Federal Government, and we, of sourse, have the reclamation.
funds for the dévelopment of arkd land ; &6 that bere la & problem of the proper
contribution: from munieipalities, irrigation districta, private power companien,
and the Federal Goveroment,
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A!l this leads me to the belle! that somebody onght 10 be given authority to
pepetinte & definlte doanciel compact which could De I:h‘! before Congress for
approval in connection with the constrootion of these woria, ‘It dods BOL Seem
to me it wouldl toke Jong to do that, and it could posalbly be.leld on the tnbie
Lers before this seeston of the Congress explires. I belleve that we whould de
all e can cocexpedite this matter - It Is tros that our path womhl have been
smother if we coald have bad mote suceess in uhe ratifcntion of the compact, but
80 long as we have thess great confllets and differences of vlew that 1 bave
mweat®oed wr most expect difeuities, And in this cennectlon I would remind
you Lhat 4¢ reqoired, 1 tedleve, 10 or 11 years to secure a ratificatioo of the

. Pederal, Constitntion, and [ donbt if there was a8 moeh emotion connected with
that pr tloz os there s with water rights Detwean seven States. Ho we may
make progreas more apesdily thao was made by the ocigingl thirteen States of

“this Unioa. ° .

Now, Mr. Uk®irman, If thare are moy forther polnty that [ can help the com.
mittec on I shall ba glad to have them broaght 1o my allention,

The Cratesan (Zenator MeNarr), On that polnd voo bare been discosslng, do
yhu see ary conflict, I the purposes (Uacussed by yowein connection with Boalder
Canyon, taat might prevedt private capital from plrll-rIP-llu in this matter?

Beeredary Hoover Pardon me Mr. Chalrman, bot my atteostion was distracbed
and I Jdid not emteh your question.

Tire Cuatusax (Bepator-MeNary), You spoke of the different purposcs—ood
somtrol, irelgpntlon, and power develoDment, Are theas functlone [n which
private capltel would be Interested, or Is there & confict, one with the other?

Secrptary 1looves. Some of them ame funchicoos in which prlvate capital would
wol bs Uutorested.  Io the development of deama sntside ¢ Tioolder Canyen thers
'm ot neceEanclly any question of Federal flnance ; the ofh. 5 development s of the
rlver Lelow (e upper basdn are predominnntly pewer derslopments and could ba
carried out by private eapltul unider Government cootrol. Yoo bave s problem
herte of wrosking out thatl relmtionsblp at Powlder Canyof. [ think there have
been some discumicas In seathern Callfornia as (o the posalbllity of some ap-
rangement betwesn A uunlcipal electrical powsr sstablishment and the private
pawer comprnles digtribetiag v scnthers Californie for mutual portlcdpation
in the Boulder Canyon project, I do pot know bow far they have gof, butl in
ney evest [b ought to be possible to bring some cobcloslon out of that, and,
through such arcangemen:, fo secufe Aoanclal sopport to the Toolder Canyon
develogumanl, 1 do not think the Federal Qovernment will ever want to bolld
the clectrizal power warks thers, or the tranemisgion lnes, and get imto the
pevwer busipess. Dut W s throogh the power #lde of the guestien that the
Feberul Government ¢an - scure a large contrlbution to the development and
hope secovary of 1Es owe Inves!imeph

Thz Croatewanm (Henator MeNary). Is It your oplolon that the Gorermment
obligation consisis only Ia the waller of ecectlon of a dam for the purpese of
fiomml comairal}

Secretar, Hooven Mo I thlak the Governmest cam go furtber tham that,
While. of rourse, You can not weey well say our reclamation pollcy 1a an obligs-
Aai, yet It 1a n sound financial poliey, amd the proposed dam wonld be a very
large contributlon to the reclamation of mrld lands. Therefors somo conlriba-
tier on that score would be in order.

(e Cotcimuman (Seuator MeNary). Dut, Mr, Secrstary, vou must bear in
mind that there 18 o speclal fond for that parpoee, aoder o spectfic acl, which
@i not come ont of the Treasury of the United States but from the resonrces
of the States, whils In this cose the funds woulid come under n diferent plan.

Secretary Hoovex 17y stigestion made hers was that some sort of anthoriy
might be set np > nke a plan and to negotlate cut the comtribution of all
tipse cilferent clements, even Including the reclamatlen fund. 1 have oo
detailed pla= I mied, but If doss sedm to me that we aze in this position:
Ifere nre foar or fAve soncces which are willing or should eontcibate to tha
viork, and e ought to gt some sort of dedinite reintlonahlp estabilabhed be it

 The Ciamuax (Senator MeNary). Is It in your mind that thero js a sufl
clent demand for elecirlenl porrer (o joaclfy the erectlon of & dam at this time
irom that s wpolnt gjone?

Seeretary Hooven The probabla primary borsepowsr I8 someihing llke
SB000. Whlke I ran not state preclasly, yet It b oy belief that the domestic
vwaler supp.y lato Los Angeles will abdorb about 200,000 horsepower for pump-
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rposes and which they will need to provide for | that wonld Jeave 350,050
ﬂ%nr. which I think :;mld b mhaorbed in fial market }n-n_rg before TJ:-H!J!
works conid netoally e ballt. Thiy offers & basis alse for contribotion to ool
I doubt whether there would be a kilowntt of power transmitted for five Tears
i yra shonld start toomorrow on this enormots work af conrtroction. I 11:::
Bot kpow bow far thess coniributions wonld ge to the total cost. My proposl

b that we shonld find it ant
Tl Cn.muu {Benator MeNary). Have rou locked Into the mmtter of the

, domestic su of water for southern California in regard to whether [t should
be taken hﬂ’m Colorads River hers or thers, whether by lift sa mentioned
at Black Canvi, or by gravity aystem some pisce up the river?

Spcretary Hoovre 1 am not competent to speai of that. All T know about
that matter s what I have read n the mewspapers as to statements of varloos

The CHAIRMAN { Benntor MeNary). What sart of sugrestion have Fou to
maka, or can von detall it a ttdes more to the committes, that & {'ﬁ-mh-l'{ﬂ_i.
ahonld be designated te look into this matter? Do Fon meen te heve 1t coBfed
with the raroos States In order Lo get an allocation of wate= apd power?

Secretasy IIpovER 1 bave mot gone into it in detnll. My own thought waa
that we conld expedite thie whole development. nisd expodition 1a what we all
want, by having some mort of commisslon with mothocity to make a financinl

an and who could be belpfzl In beinging the Htates together in the matter of

the compert.
Surh n commiaston could lay out o financial plan with all the gronps involved,

und thus have some definite contract—subiect, of course to apprewal by Con-
gress—then yon pentlemen wonld have seme finlshed thing to act uwpon. It
geama to me pretiy JiMcalt for Congress to negotinte & thing of tbat kind, and
the admilsistratlon hae oo power to de H,

Mr. Coome. In this statement Mr., Hoover says very clearly that
the primary purpose of this Ee{gi.ultt_i-::un iz flood control; and he adve-
cates & high dam, 545 or 550 feet high, primarily for the pnrpose of
flood control. He states that the question of power is incidental to
flood control, but he recognized the danger from floods, and he has
been a student of thie problem for many years. He was llipl.'.ll]".lt'lii
chairman of the Colorado River Commission somcthing like eight
vears ags. He has given a great deal of his time to the study of the
matter rnd has brought his great engineering ability to bear on it
Those of 23 who admire Mr, Hoover—and T know that we all admire
him as 2 man as well as his great ability—will recognize the strength
of his statements on this matter.

I shall not discuss this question any further at this time, Mr.
President, because I intend to make some more brief remarks later on
when I introdwce some technical data prepared by our State engi-
neer. 1 do hopa this legislation will pass promptly, and I feel that
Congress will wake no mistake in passing it, and that will be doing
# most humanitarian as well as necessary act 1f it passes this ball.

Mr. Oddie subsequently said: Mr. President, I would like permis-
gion to make a statement in answer to the statement of the junior
Senator from Colorado [Mr. Waterman ] regarding the flood menace
in the Imperial valley and to have it follow my remarks heretofore
made thisa morning. )

As the danger ?mm flood involves the lives of 100,000 Amarican
citizens and about $£200,000,000 worth of property it becomes particn-
larly important. The dam authorized, with the comsequent .]”ﬁ'
storege, will permit of the Iation and stabilization of the river's
flow and completely solve the flood danger. Unless prompt action is
taker any year may witness a flood of very serious and possible

disastrous consequonees,
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H\Ir- Waterman| resarding the danger from tieeds from the Colorado
ITET. '
The Presioixc Orricer (Mr. Sackett in the chair}. Without objec-
tion, 1t 18 0 ordered.
The statements are as {ollows:

Mr. ¥. E. Wermouth, formerly chief! engineer of the Reclamatlon Secvice, in
his 1024 report recommending the profect, stated ln the ploln and conservative
languwa;e of the eaglneer, the pbyeloal conditltens causing the peute Sood menace
which exlets:

“ 1o it peesent state of partial developmett!, hewever, the river I8 @ meoios
ni besR than it s o benefit, Each spring the gows accumalated oo the moon-
tain slopes of the wpper basiy melt with {be sdvancing seascn oniil by the
efil of May the lower river has become n raglog torront, This foed usoally
rppclves ite peak In Mayr or June, after which (3 ondioacly subeides: the floads
Lave been known (o contipwe ioto Awomst

LrAnnunlly the river ecarrles paet Yuwma an avernge of 200,000,000 toos of
EIE Vybeo the plver Ix nol In fAood, this s3lE burden i largely carrled to the
gulf, but 1o times of fogd when e rlver spreads beyood lis banks it drops
1ts loadd of sllt not eoly at ita mouth bt shevever Rlong its course Lhe veloolty
af the wairr is checiked, Fapeeinlly does this deposition of materinl occar
glong and near the banks of its low-woter chonnel, These banks are thus
Bullt up by succpsslve flomls until they hold the walers to such an elevaton
that the main corrent of (he stream eventually hreanks through and finds a
pew chinnwel {o lower ground.

“lIa tke della regico belew Yoma, belag less restricted by maturel laterml
barglers, thi= fendencr nds wldest scope. Here the river has ballt 4 conieal
Tan-shaped ridge cutting off what formerly wae the upper ecd of the Gulf of
Caiiforaln., Aleng the crest of this flat deita rllge runs the slver: ome siope
toward the =outh termlbates ot =ka level at the presect head of the Guif of
Celifornla, the olber extending northerly oo A much steeper slope reaches a
depression 23 fop? below sea level at the rim of the Salton Sea. The portlon
of the nnelen: ghlf thas cut off constifutea the Salton Baasln, the {rrigeted area
cf which, Iving largely elow sea level aloog the northward Jdelts slops, (2
known as Imperfal Yaller”

Apnin referring o temporary menara adopied by Imperlal {rrigation disteict
. Tor Mool protection the report proceeds

“AithIn n few venra at 1he most the ellt deposita will ralsa the clevatlon of
this latier aren o & pelng whers (be maln current of the Scode will agnin be
turown to the ozt amd oDorth, at which tme fhe asgaulis of the Flver oo the
YVoloano Lake Leves will be renewed, with mssorance that seoner or lnter
anothet break |wte the valley will oecur,

" The menace n cise of soch o break [z pot Hmited ns 8t Toma and above
io the loss of crops acd lmpoevements apd the cutiing away of & few or many
pered of velueble [apd, serfons as that menace 5. Besldes all this, the greater
ianger here {3 that the dver onee broached end the river at Aood turned (nto
Snlton Sen, the steep grodient of its conree will induce the cutting throwgh the
- 8oft allurviel enll of & gorge 'n which the flow may mot be checked uolll & large
piurt af the valiey hos become submerged bencath the waters of an lolapd sen.”
{ Hearivga on H. R, 2903, 68th Cong., 1st soss., pp. T11, 712.)

1t shionld further be polnted cut that, o sdditles to destroying crops and
tnmaging lands, the Tmperial V¥aller has the declded disadvantage of belng
below sen lovel and baring po ontlet {or the water. Ordinacily, 1he food waters
from any streamn flods It= way back Into the stream ga the food subaldes, Thil
is pot the case o Immperlal Yalley. There the food waters remnln in the hasis
until taken put by the slow process of evaporation.
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RE fhe reques; of reslcent Moosevelt, the brouk wag olesed Lo DA apd the
river refurned fo lis channel The Unlted States then cxpended approximately
FLOXO0M In the bullding of what is known ez the Ocierson Letoe o provent
anitber soch dizsagier as that of 1805 ‘This levee was barely cmapicted, how-
ever, when 1o 1800 the rlver washed mueh of it sway aml furned westwarid
lnto =what is8 known as Bee River to Voleano Lake, stil] in Mexlean tecoitery,
bt In a lower depreaslon oo the delta. The elver flowed! on thie course for 190
years and was kept there by means of an extensive bovos sysiem buils By the
people of Imperial Valley, Dy 1919, through Its Immenee silt deprait, the rlver
had Alled the had of Voleans Take and Des Mlver oo gnell 20 extent that ' wan
agnin flowing on a ridge amd the lerees could no longer be made to hald 1L
The Imperial Irrigation distriet then at nn rrpense of approximately $700,000
constructed an artificlal channel from Hee Iiver to whet Is knows as Pesonilero
River nod turned the river southerly Into a trianguler deprestion betwesn
Volcand Lake on the west and the ol channe! on the cnst. Thin fs the arca e
ferrec to by Mr. Weymouth in hia repart from which gquatatien fx made.
Thin l& thwn Yngt pegmalning depression on the delia,

BILT AGGRAVATES FLOID DAXOTE

The river has an annval discharge &t Yuma of more than 100,000 acre-fect of
silt. This slit greatly oggravates the fload menace. No temporary works ¢an
ba bolit to Bold [t. It was the sllt deposit that ballt the deltabe rldge om which
the river now flows, It was the slit depeslt that Miked the Lee River and
Volcara Lake, 50 that the river could no '»=ger be beldd ar that palne, and thes
same allt depoait will quickly fll the depresslon where the river pow Dome

The gradient to the north [ato Impecial Valler i maech greater than that to
the south inte the gulf, and when the depression 1s Oled thers I8 no means
known which, at asy cost within reason, san prevent the rirer frowm mgain
gBowling Inte the Imperial Valler,

The dam proposed In this bl will cateh and bold the sit Mokt of the allt
finding its war onto the delta Ix from apd abore the canyonm section, If 1o
other dams were provided om the river, the one preposed In thig bl wonld
retaln all of the sllt finine its may Inte the resecvole for a perlod af 30K
Fears and for more than 100 years before ite storage capacity and nrefulness
would Le serlously interfersd with. As othér duma are constraeted on the
river thay will eatch and retaln the slit, tharcby further ecxiending the oeelul-
ncex Of the Boolder Canron RMessrvolr.

PAST FLOODA ABOTE 1MPEIAL VALLET

The Colorado River Is sublect to perfods of great foods amd great dr
It has been kpown to reach a matimom discharge of more lhafmﬂi?ﬁ;lt
fect of water per second and o low Bow at the beadworks of the Imperinl
"I e, axbe % TaLe o e
exirémely serlous Bood eliuatlens sl a) 1

Flooda ahave Imperial Valler. were ther not Mﬂnh.du-mwh:ﬂqli?f:mﬂm
faod dasger to Tmperial Valier, would attract atientlon mnd call for remedial
measures  In 1918 the water slood 2 fect deep In the sireets of the town o
Yuma and threatened lis destruction. In 1022 the river Ipundated a lmcpe
plll-t of Palo Verde Valley and the weter stnod severs] fest decn Ip (he tawn of
Ripley 1n that valley, destroylng much propariy and otherwise canalng a lasge
amonot of damage. Other flocds have submérged the Marker Valley an” also
dﬂi.:u"m;:dtm“’;}f the clty of Neadies

™ Sosd danger, howerer, {n 10 the Impacia! Valler, 1
:!:E;:rf.-l chamnel and with no outlet for food waters onee El::: E:::TT&';

Z383—5. Dae, 186, 702"
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PAET FLOGDS TTIREATEN TMPFERIAL YALLFY

Io 1914 the Voleres Lake Leved was breached and 10000 coble feal of waler
per seornd lomed throngh the leves lnto the Imperial Valler fof many dayas
beloce the levees conld be copalred, More serioos resulis were avelded by means
of bundeeds of men placing bags of earth an top of the lrvee,

In 19158 the Ockerson Leves, which had been rebullt hr Tmperial Irrigatioa
dlstrict, was bregebed [n o places. The Seod water was ancoemfoily turned
waslwarn] 0 Voleano Lake by olher levees, bul mot antll several thouvsand acres
of iamd bad beea Inundated and the workmen and a Sowuthern Pacific trala
"rrosted, In coarse of tweo days the mes were removed, bat the traln was hald
miitil i Pooed sabalded somse three montha [ater,

In 161D, before the river wea tamesd into Pescaders Cut, the levoes were
again broached and 4.000 acres of Innd joundated before the opening could be
closed. The river was so0 bigh and the water-soaked earih so soft rhat ﬂl’in-
tepance work could mot be carried oo by the usual means of dumplog rock
from iralps operated for that parpose. This was foond {0 be the case after a
locometive nnd ears bad beon lost in the atfempt. Numerons smaller 'I'.I‘H'h'l
have oceurmed. 1o 1635, with only G000 second-fest of waber, the river turned
apalned the lerecs and in two different places nnderminéd apd destiroyed théest
for dixfapces of several hupdred fest. This agaln ocrurred In 1035, Thesse
smaller breaks are of anoua] oocorrence and serious resoiis bave been pre-
veated only by constant viglance. Telepbone communiention s mainialned
throughout the eotice leogth of *he leveea apd nomersws wabchman are oo0-
ptantly on patrel Striogs of domp cars are kept [oaded wifh rock and duaring
bBigh water locomotives kent under steam for immadlate ose »

LEVER BTATEM

The Imperial lerigetlon district bas about 78 miles of protective levess In
Maxles., The Tuma project has abont 30 miles in Arizona and Californis. hallt
and realulsioed by the Goverament, and Pale Verde rrigation district bhas
sevornl miles of simlar levees for the proleciion of Palo Verde Vallay. Thess
Ivreps afe of nocessitr bailt of looes slt apos a feondation of similsr ma-
tertal. Ther ate faced with rock, haoled long distances by dump cars
starslerd-zruge tracks, malotaiped on the levees for that porpose, Lertees thas
conuitefod alord snly parilal peotection. When the river strikes the leTeas It
I mot 1"g overioppdng that a se much Teared. 12t the waler will guickly cat away
lo lovar malerial and the levee simply scities down and virtually disappears,

EFFECT OF FLOMD WMENACE

Foor hundeed and slziy thousand acres are now belog served with water
br the Imperisl irrigetion district. There s not only the posalbllity of thia
Innd being Inundated but thete j8 8 constant koowledps that a comparativels
sparll Dreak lm the levee system eould deattoy trclgntion works apd cul off water
for lerigatlon mmd Jdomestle purposea  This-ereates n coostant feeling of un-
cestnlnty, PPropecty raloss are less thas Bal! of what I8 {ocome woold jostify.
Caplial for full development can mrt b bad, and where moner Is obtalned 1
iz ohialned ai an ercessive rate of loterest, The Federnl farm-doan banks
refuse to lend any money In DImpeerial Vallier becaoss af (hese condlHona.

The bapploess of the peonle, ihe securdty of thelr property, and the proper
f-‘f.'l':'ll"rt"-‘l"li"lt of this highly producilyve area depend largely upan adeqoate food
conkro

THANIMITY OF TIEW A8 TC FLOOD hAXGEN AXD NEED OF QUIOE IEImr

An puistanding featore of the testimony before the committes was the onarim-
ity of vicw respecting the existence of the flood danger, 1ts serlonsness, vrgent
peed for guick actlon, A *hiat slampe op the river was the solatlon. Engl-
pears ke AL 1% Davls nnd F. B, Werymeonth, Gen, George Gocthale, and Wiliam
Mothodiwnd fodned with resporseible sxecative affclals ke Mr, Terbest Hoaver (8
volclag this fdea, Admitted]y amd concededly, storage at Iionlder Canyon 1y
bere authorized will ¢foct the greatest measure of security nggingt the rirer's
Booela whil-h mar Ise obtaloe!
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WATER SUPPLY AND IRRIGADLE LAND

Fummary of walrr spply dafo ow Colorada Fieer

M, ﬂ-ﬂi-r‘iﬂ.l Burvey Water !lﬂﬂ'ﬂ_f Paper Mo :.Jﬁu._ Water
redn

I From Hi"'" 1311 e 12E, .
awer and Fleod Comfrel of Celorads River Below

Elver, Utah

FALLTER J'..'! AUEE-FFET 'EE TEAR

Colgroda River at Less Ferry:

Average recorded fow 1011-1%28, computed from records of
Green, Grand, and 3en Juoan Rivers (Tabde I, col. 8 pp

S————— | (s 1))

104108 ) e -
Colorado River at Lees Farry:

1011-1WE3 records extended beck to 1886 to lnclwde dry evcle
13081004 (Tabie 3, col. & P 108) e cccm e mmmccm e eaa 1, 200, D00

Recopstrocted River at Less F

Cas
This Itens Ia varioosly estimated at from 18 000, 000 to 17 000, 000
gere-fiwl and, taklng into account prior dry periods, 1t ia

oallmabed At even leas than TE 000,000 [ dedvcted from Table #,

1

cols. 4 nnd B

Colorads Iiver at Ferry:

= T, SOy, OO0

Corrected for depletion by irrigatien, period 1805 to 1022, om~
complete cycle (Table 8, eol. 3, oo 102 oo oo 14, 350, (00

Estimated pressot consompt
Ferry (Tahla & cal, 4, p. 110) -

o wpper Colorsads Basln above Leea

=

Fatlmats] foture consumption io river dow opper Oolorads Basin
ahove Lees Ferry (Table 8 col 4, p 112) _______________________
Estimated total present and future consumption in wpper Colorado
River Basin above Lees Ferry (Table 8 eol 4, p, 1120 . oooooo

&, 470, (M)
T, B33, 000

Future average yearly river flow at Lees Ferry after dednction of

combined present and foturs water consumpton by Irrigation in
oppet Colorado BEiver Bawln (Table B, col. 3, p 1120 o oo -

Laower Colorade Basin Co. obilgution at Lees Ferry (see Colorado
Hiver compaot) oo

Tante 10.-—Drodnage batin, orea by
Hlalcy (Benate Document [4E)

Bamara wiles
Wromlng e 1 0D
Celorado o e 30, 000D
Mew Mezloo___ .. EZ 000
ATIBOGNE @ eee oo __ cmeme e JOE, OO
LRLE T RO 14 0 | i)
Mewada .. __ _____ 1% o0
Callfernis o ____ . ... & 00g
Aren In United States_______ M2 000
Aren In Mexioo oo .. 2000

Total e T4, 000

E e —

£ 880, 000
¥, 00, D00

Time 2. —Drednage Parin, cores by
baring (Semate Docwmend 142)

Bauare milsa
fireen River_________________ d4, 0K
Upper Colorede  (or  Grand

Rleer) e _ 25, 00
Ban Jumn Riwer_____________ 5, 060
Fremont River ... ____ 4 D
Parla e 1, 40
Escnlnnte_ __ _ _ 1, Bl
BT ¥ SRR .- i |
Little Coborado. o .______ ‘5 (0¥}
YhES oo e mmee 11 T
Miscallanerns ______ _________ 44 (5
L U « (A 1. i

P I * 11 i



T8 COLORADO RITER DEVELOPMENT

DATA TAKEN FROM REPORT TO SENATE COMMITTEE ON RECLA-
ﬁtgm} AND IRRIGATION, JANUARY 20, 1926, BY GEORGE W.

Tarre I0.—AMast foasibe projects i Califorafa emd Arizoma

[ed tor United States beehgalion msa.  Requirsd for propects naoder war and jropecis not suder wor, but
of mosd leasble sharnotor]

| Area | Wikar
Frompmed e i || Aere-fest
! [ i Latad
Arlsome | Cobliermla | Arkeas | Callferola |

P — e e [ —— | — . em——— -_I--.- —
Dbl e e s I LB ... 1, %W
L T o P | LA (e B .. A, =)
e e L FEA L 72, G
Parker Vallay ! s U TN S Em O ... | 130, Do
Pada Verde Valley. .o i g o | =7, 0 | 17, [
UM e remern s P B, 1.3, D I, O g, 15 AN, TH
] e T ot 2 R I (UL :.!11.0-.1| E TN
Loseleshin vadlw 1, vl T O 0% 00 ¥,

| J— | -
TOIRL con it e bt e e e | mesea | wLmn . sos | %020 TH | 4437188

! Tpallam pre

P AL A rserlenn with Conchella Viallay pumplag arem and Wt Bide Moesa ombtied.

| Coscoelin Yallay 72,000 acres Inclelem saly gravicy lambs sosording to laler purveyy (mfermaibon foe-
skl by Tsparial [rrigwtion distrist.
c MerE-MNevada’y ety lands, 11,000 sores—id, 750 eore-fest.  Mevads Tekdftels aereage, 10,000 aoee—
ETH sore-fort.

Lower basin development: Development on tributaries below Lees
Ferry has been sssumed as indicated in the Weymouth report of
February, 1624. The plan for river regulatisn beiow the mouth of
Green River has been assumed ns indicated on pege 786 of the hear-
ing= on Senate Reeolution 320, Sixty-ninth Congress, first session.
At and sbove Bridge Canyon, Ariz., iu ArTa mmt of dams would
correspond to that on Plate 3, Water Supply r No. 566,

Below Bridge Canvon thelfﬂliuwing dams wou d ba built:

Damy bl Bridge Conpos

Maiimam

Presan i

Tham e s

Furines bembend

s
Tepun'eer = S - - -5 | 1. 13
L | e L1
Farker . - - it A7




COLORATA RIVER DEVELOPMEMT i

TaErr 15, —{'-e;-l'-:lrmde Piper projocie below Bmuer i mfo Rurr-mir

| | | Areems | Californla
ATEr- ! - N B
Frodecd and Lract [ e AYA Sl Tl | Lpt. o Cles- Terigable o
imp IEE | gunin | mempbes L i WUEE ]
| ] | T, |
R S I
- - |
Buflshond 0 Mobhave Fid
i P i B B oD in I,
finhava Vallsy e b, A 1n T e |
Ioarker Fepresilon. .. B . s, Dl L0 A%, O
MailEnd-CHIA Vidky Pdapecl; | |
Farber Talley. ... MNone. 1L, (oag .0 | = opon |
Flyihe wirn, ... ooo.. e, I, [Wm an 1, (elay
Fade Verda MMean .. Mene 11, Moy an i
I, 1] EER - L] 1%, (i
Cprawaids Ve, .. BO | 1M, D00 41T | E (e
Glla Waller . ________ T8 AT e 30 |1, Ee, a0
Fuln Verde Wallew, . .. .... Npos, T, OM ] =y |
Cibaiels Vall¥. .o ... casaaa DB, 9,0m | Lp 13, b0
Misreilabeog) Lractd_ Th LN 4, b0
VA Dinjmet l."'lh:rl ..... - Do, 4, 0 | Lo 1%, ]
Yoma project imesal . EF| A4, T 3.h 132, W
Imperisl fmigntiion distriel . Neno. BIA, @0 ¢ L3 [T L w0
All-Arpwrionm cunnl ... .. Moo, T, S0 L] LW, W
i [ 5 | , L3 o !
T A A |1, i, O 1
Tl iceecncaeon e me e 2, L4, 00D I-----1--l-.ﬂ¢.lﬂl IH:.W qu:u L, 135, n - 5, 413, 000

= Wernds bands avadlebds for frrigetinm: Aoes—gravily, 1000F paioap, 60000 tolal, RO Lere-lsal—
gruvity, #4750 peumnp, O CMEEY Al o,

Asoptding o kale? FiErToTE, 'h:r Imperind Vale¥, sdditbonal Calibwoos moda: West slde, 10,000 s
warl meas, 000 eomes,

The following tables have been compiled by the writer from reports

by the Department of the Interior and data submitted by the engi-
nearing departments of the seven States of the Colorads Kiver Baszin.

COLORADD RIVER BARIN WATER BUPTLY

Bascd an long-time mean, covering wet and dey eveloa.  Hecorded flow sor-
rected for depletion by irmigation,

There Agurcs represent approximately the total yearly Sow of the Colorado
River Basin, urreduced by irrigation consumption; in other words, the run-off of
the reconstructed river. U pper andd lower basin terms it definitione of earma in
Colorado Itver compact, as drafted at Santa Fe, N, Mex, November, 1522,

Tasre 1.— Tolal barin waler rupply

T |
Neconsbroated river | 'l..“u'-uumiirl. Pur ceal
- - S S
|
Uppes Calorads Ricer Sasleo.o.o._._.._. --_---_’ 1 o0 B
Lawer Cobwrnido Hivar Masen, l-lul.'rm'-rﬂm rn:-. :h. e Birsr and Cnlarsos . 80
Piver baiow Disek Canyes, LSMOME ... 3, Zidl, 20d 13
o | 19, 700, 000 10
Tamre 2.—Cslorads River compac! allacations
Compact I ovambar, 1922 Valos 1t par et
|
Tppeer Coobarndo Flwer Badin, ... . iirennies . | T .
Lawar Colaevds Hivse Baaim.. oo o1l i i e LML M
T nimd bemombime] maITRELEN L L e et e e amE e as] q, ek, ¥
P I . _____: 10, 700, 004 |_ 10

NoTe, = The probilem of 8 econstrusted river 13 o sontraverslnl maiier mmd i locbudst hare ps g Gle gres
agn "L:I'l Tarboua opinbans. T o ek becn bad s e by v Ui r e e bosd Dl weikny L oa Bl Ave ﬂ;hn&
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Tarte 3.—Waler rupply dala
[ Wil o meme-feag]

feconmrictad Colornde River at Loes Farrv_____ ... .._...._.... 16 GO0, (600
Inflow Lo Coloradio River batwesn Less Ferrv and abave
maiith of Gila [Rives:
Utsh {Kanal, Viegin Rivers)____ ... _____...... 225, D00
Nevadn {"infl-qin} _____________________________ T3, )
Ardzona (olher ln'hu‘.-ﬂﬂ,. R W .1 M i

: 1, 480, 000
LEvaporation Ipnr'!"ﬂmlbtlr' 1,000,000, Black Canyon
1o Yume, .. ovnen. P — N

Keco st ruetad Gila Tiver:
New Mexien H..'p:plv . R £ =
Arizona supply. . - - 1

) 3, 120, 000
Evaporalion anproximate!s 500,000 oo Gils River...... S0, O

420, 000

2, 620, DOD
Total water resources, Colorsde iver TSR, . 0 oo as 1%, 701, CHED

Tasrr 4. —[Lowe Calorads barin wiln: resonrca

[Vl [ i Tt | -

Avarage yearly water supply;
Ltah (Virgin)ae e e cemnninciccicsiia i ccsscccc e cnnanae 226, 000

Nevads (Virgin) o o iicicicmsmssasaaanana 75, OO0
vew Mexico (Gila) .. ieciidamecee o eee. 443,000

. 743, 000
AFIZONR, L nmrmrccccmmamatcccc s s ———— - .'i. a5y, oon

I-Tlpnrttir.n from Lilsek Canyon to Yums, including Gils River,
H!I:r'ﬂlmlh!r LAD0 DN, . vrcrvscnsnmnranccccsssnnnsnanassns B L, T
y— rex [or eveporation sstimated for normal fow of both Colorada
R ey

TanrLe 5. —Arizons walsr production, Colsrads River Haswia
GILA RITER ATETEM

| A virups pakr ¥ waler mpply, Valoss o sors fest]

Crila TLiver at Kalvwifi, - o o vcssesssscccosssccce s s sosccecensese  TET OO0
Balt Riover at MeDowell, v mricceeccr sammccccscsmee 1, AT, 000
Vertde River mt MeDowell ... i i ccaae.  BOQ, 000
H(Lbl}rl-lﬂl'rfrltﬂhu-d.nh e e A m e mm e e e e EEEE e e e L&D, 0
et ot s 23, 00
Conanmption sbove gaugiog sAHODE. _ ..o oo icmmce e o &0, 000
]

- A 1. | N
Naw Mexico production:
Cila River st Guthrie, .|||.1".|...............___-_....__ 244, DDO
Ban Fraoncmes Jiver st OO0 - - o i e e e e cemee 109 OO

Glla aystem production o AfEOna. o cieneccccccens oo eecaea T, 877, 000

MNOTE ok lpwn Lanle, Wa, &, dose pol nelnds loassa dos La de Awpllphls devraiapsd gu
HWH#'IEHMFMﬂﬂm!aLlﬂuﬂmH (Pt Tuhla Mo, 1.3 phlr
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Tapny S —Summarp—dAritong waler conirabulion

PR rersge vearlT Ve [ s Sl

Gilm avetem prodUuclon. o o.ee e ceeconmemencceemmm e e em oo mmem oy 080y DEE]
Mala Colurade River:
Litile Colorado River..oococeeineecceccncnnacannn- 20K, 000
Willinme River. - .. ceccccccceccanncmcccananmmmeeaa 10, 000
Other tribularion. .o ceecivnrciccccnnmnnenaa F00, (0D
——— ], 175, 000
Total water production in Areona. e me s mm e ce s nama - 3, 262, ()

Nore.—No aliawanea for avaporation in these figures,

With uate stomge on lower Calorado Hiver, such as Bonlder Canvon
with 20,000, storape, suppiemented by small ressrvoir at Bullshead or Msraer,
water supply avallable from Colorado River would be fully conscryed,

The fieel domdt on this supply will B4 feservoir evaporation, the following list
indicatine the most likely arrangemert and losses thecefrom, giving elevation
water surface!

Tanic E—Fraporation amonnts in cere-foel annvally

Aered

Less Ferey (Glen Canvon) Dam, 3127-3511, average reaervoir area, ... 5, (000
FPower dams, {:len Canvon=Havasu, aversge reservoir ATeR - .. . .ovew. 20, DOD
Dr dge Canyon, 1X07-1773, average reservoir A8 . oo veeccenennnenens 15 00
Boualder (Blanck), 8451197, AVErLgo ToROFYHIr ATER . v v vereecccemene oo 8, T
Bullabead, S02=0645, Averape roServoir SR, . oo oo vn e nmnsnnn e en. 2, (HED
Parker, 358457, avernge roseTvoir area.., .. __.. hemmemmmemmamaemmn 30, B0

Total aren.... ... R —————— . | A 1

dﬂhﬁ'ﬂe loss, in addition w losses cocurring under present condit.ons, 3.5-Tool

MEXICAN THES

The above supply contem u m devalopment which will very ¢loszly

0 Asticipated Raw at mm um:ﬂlfr compact in er'tieal period,

bul sverage flow remalne pufficient so that Mexican allotment would entirely hinve

to be supplied fron. this equaled flow. In the abasnce of Mexiean treaty, it i

being assumed Mexica will awarded sulficient water for 200,000 meres, requir-
ing, at 4 25 aere-feel por vaar, A50 000 acre-fast,

Total supply afier full developmen! of upper basin

Menn fow at Lol Ferry .. oo ciiim e cccee s e ceanen_ R, 2RO, OO
Avernge galn to Doulder Canvon_____ cemmmmcemammmen aeananane=s 1y S0 (N0
ikl thon dtvnlu';:l:: ?“f?;hm  Ferry, 240,000 acrea al 0. 0

on river mwlaw & , AN ) acrea At
Jgdepth--_.._r B40, DD0
Mexloo, 200,000 neres dutly, 425 . L iiiemeneaiaeaaa. S50, 000
2. 090, 000

Total available supply for use in the United States below Lees Ferry. &, 250, 000

Evaporation over cxposed surfsce at Boulder Canvon approximatelr S-foot
depth anoually,

Motk —Abovs miimals doe pol boclods the Gia River, [Ges Table Mo & p W)
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Tanpw De=Clnnsnmpdive wic and duly of waler—=Arizena ang Califaenia provesls
Colaraup [fiver

Ll
D T IVt T e e
- . P . B— .
Fil i "
- . raeiy [ Mimplng
L | L ——
Bl Pt i 5 |
. LA T T 1
[FSUTLL T ki | il s e .:fl'::"
wmsprn s | Live deg,  dlverson ¢n bt
e [ i
rll-.'mi .
= - - e —— e . - s —_— .. - I——-—.
B s Jee BRF freat, h"'l'.'l-lll'll'l_‘l:l-l:'ll al e ned Vislebby i 38 LR 4 a4 a3
Weymesiti Megewr (10, &, (5, 2, g Onlerade Hiver, =i, 1, 3 ! 1

I L i L e O . i in l B
Al mpersran pAna1 Nrwsd, Moktaptl A& Clraegwe e 350 L FR T I aoe
Tamfiedin &, Irpiratinn Hpejaidempaedila ! Cglifadai 0 184 4.1 | i 44 3.4
Henaret of Arlizsna Fosgi paerl g L2 emmianen 0m Arizoea Lesi)

Eerlamtpg Irone Fhe Unlborsales fiiver, L. e e I I Le
oater Iamer minl Flroe Comieel 10, 2 B0 aen.on o ooason 3 o is 45 A
Avermpe b i . eSS EEEEE N ———c - X a0 4. x5, ai 178

| i

VALE src= bl Aute an basi of (e ! ranad aned (unna o lel worrh] revgioe & ssmeeing lawer daty wiih

e :'n'l.:ll.

CAverags av nabel 1o aseiemed] far onleglnd loma (s (il repese,

Woen =T e averoor Bl S 0 ebdnine] ar mater] Bor She reacnm tlat remef el y evesy ippesipation has
Cryrieped o0 mewinnt ' Tarant gemerente a8 26 Bemirn e fa wltlve w2 moms eI b g, fes: TELE IS ]
LB T R TR R

Tanum 12 —aiis amd farss o mere-feed

Ll U R E R LT

SR Paapr Ferrn | Tepock® %0 L Féory
La Tepessie i Lapuzn is Legninn
S B
P bl T IR I L Ll
el W E) | e, DER O &1, 0
=0, NI e = . 020 0N £33, iy
L, T =137, 00m 4T, D
&M, (v —Il!-,t!ll — 154, 0og
Average .. e eraemenacen o B0 STRLDOD | B, 0

Prosent lows Teoen Monider Caavon T Topack esiirgated] al IN00MA serefont
anneally, making flow 4t Doslder Canven 1653006 asresfoet greater than =%
Leca Ferry  This gain will be redoeed to 100,000 acre-feet with Miture de-
vilopments an Liitle Colaradn, Viegin Tiver, ete.  {Hee p. 18, vol, 3, Wey-
monlh Weoort of Febroary, 19200 This edtimte of denletion compares with
eatimate o' 280 secondufeet [ISK050 mrredee!’ br La Hue.  (Sce baltem p.
110, W. 5 Paper Xo. 336.) '

The present average annual loes fram Baglder Cavvion to Laguna Dam e
805,000 acre-fect.  Tuture losees fhroagh the Moalave, Parker, and Pala Verde
Valloys are aceonunbed for wwier consumptive irvigation uses, thus making present
s i thees loenlities aviulable for bencficial nse.  These losses are catimates
at 2.5 acre-feel per acre for 200,000 aeres, or 500,000 acre-fect annually, leavin
n luture loos from rocpage. sndeveloped arens, and undeveloped river -:-hmm_f
of rowghly 400,000 acre-fect.
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[
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C T R
Ca'n, Loees Perry o Boubder Canyen .o _.... -- 1,463,600
Lesy Josr, Roulder Canvon to Lapura [Dam o oo L ivemmemeneaan L EEN)
Not pain, Loos Forry to Legune Damne oo oo e ; i, '..'._'|
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NOTE —Abote Bpoly deess mod L alace tha Glla Tliver. (%aa Tabla 5, p. 88
Tasrte Mo, 0. —Lower barin waler supply

&, 580, 000 acre-feet—mean flow at Lees Ferry under Coloredo Iliver
compact, sssuming full utilizatien; taken (rom recon-
ﬂm-::t-tJ Zow at Lees Ferry,

1, 460, 000 acre-feet—average gain to Boulder Cenyon, ecnsidering
gains and losses,

10, 340, 000 acre-feet—menn annual flow into Boulder Dam Reservoir,
equal average fow of over 14,300 sepond-fect,
400, 000 o aoredent—river lossss between Doulder Dam and Laguna
Dam.

T Tham @ some guesiton whelher or mnd the waker fnally allcited Maxlco stiould s owme from ihe
Enne afrenm o slesld e foendshed by the sndlre lewor streant svacern. UL She [niter sbiewid Do Lhe cose,
maere wnlar would o arallakle for alloration 1o the Sialea frorm ihe meln sEreamm.
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40, 000 ... ....... aero-foot—avaporation on daveloped river belaw Lees
- Ferry, 240,000 acres cxposcd area, nod nssume 3.5 feed
depth annual evaporation in addition ta present losses,
850, 000, .. ... ... aerc-feck—{for Mexico, assuming 200,000 acres wita & duty
of 4.25 acre-feet por sere.
2, 090, 000 aere-foet—total tn be dacdueted for reasans noted.

ol L8, 250, 000 asre-fret—available ot Laguna Dam for use in the lower

"o ba=in Siates,

2 250, 000 asre-feet—Gila River for consimptive use. (This item
variously ostimated from 2,700,000 to 2500,000), tolal
extimated flow tributary measurcment, no deductiobe
3,120,000 pare-feet. . . ‘

1, 300, 000 nere-foet—Irom upper baain alloeation on basie of Intest
U. 5. C. 8. report that they will not be able to use cor-
sumplively Lheir 7,500,000 scro-feet alloeation, and will
he available for Jower Dasin use, " press release’” De-
partment of the Interior; Februnry 28 and March 7,
19298, extract from seport which i@ heing printed as o

. . pielie document, sce page 43,
12, 000, 000 acre-foct—for benetcial conmmplive use ih the lowes
baxin Slaleg,
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LOWEDR BASIN FOWER DEVELOPPMENT

it is eatimated thet a total of approximately 3,000,600 horsepawer
can e developed on the lower river below the Grand Canyon under
resent conditions, nt Glen Canvon, Boulder Canyon, Thllstiead nnd
arker petervair siteq; after full freigation Aevelopment in the upper
baen States this amount would be reduced to approximately 2,500 1450
horscpower.
THE ALL-AMFERICAN CANAL

The “All-American canal board ™ appointed pursuant to an agree
ment with the Imperial irrigation district directors, by the Sesre.
tary of the Interior in 1919, mcluded in their report the fo'lowing
recommendations.  The members of this board were Iilwond Mead,
W W, Schilecht, and C. E. Grunsky.

RPN M E A DATION S

1. That the all-American canal, or an equivalent high-line canal,
from the Laguna Dam into the Imperial Valley be constructed
undes one of the above-noted mithods, or under some other similar
l:m-:rdu.-e for financing the enterprise, and that Congress pass such
pws mg may be necesaary to put into effect any plan that may be
agreed upen between the Seeretary of the Interiov and the Imperial
irrigation distriet. )

9 '[hat the comnnection of the Imperial Canal with the Laguna
Dam e made ab onee.

3. That, so far as nreacticable, the water power of any ennal that
is construcred be utilizad and the apportionment of the eost of in-
stalling power plants and of providing the necessary transmission
lincs <hould be made on the assumption that the tentative Govern-
ment plans for the Yuma project would some day be carvied out.
The Yumn project on this sssumption wonld maintain an interest
and would be charged with the proportionate cost of cannl capacity
for 4,000 second.feet of water to near Araz. and it would be charged
fﬂ:f\ftr plant installation in the ratio that 8,500 water horsepower
beark to the total water horsepower for which the power installation
18 to=he miade.

4. That the development of powar with water from an all-Ameri-
can or high-line canal, regardless of the Incation of power staticns,
should be charged with such portion of the cost of eanal construc-
tien down to Arag, and no farther, as is determined by the ratio that
one-half of the capacity required for the water used for power bears
to the total canal capacity.

5. Ir.case that no other work bhe undertaken for the joint bensfit of
the Yuma preject and Imperial irrigation district, except the altera-
tions n° the Laguna Dam, the enlargement of the Yuma Canal and
the extonsion of this canal to a comnection with the head of the
present Imperial Cansl, then funds for this work should be provided
either jointly by the United States for the Yuma project and by the
Imperial irngation district, or by :Ju Unjt;tlthﬁhf.m II{E:': subject bt.n

ent of a proper proportionnte part of the cost with interest
:ﬁ?ﬂ:’[‘iﬂll irr?;:tion district, or hj’:ﬁm Imperial irrigation disiriu:{
alone, subject to a participation in the power plant and power outpul,
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by the Yuma project upon a repaymend fo the doonth oo o nm
tionate part of the construction cost. B L
6. The power plant installation Jor eonstruction send oiars pees
noses at Pilot Knob should at the outset be for the utilization o
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about 3,000 second-feet of water falling 30 feet, and space should be
provided for m possible later ez largement of the plant.

7. The United Stctes should undertake the early construction of
storage reservoirs on the drainege basin of the Colorado River as
part of a comprehersive plan for the betterment of the water-supply
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conditings thrnng]‘mut the entire basin of this river. The store] witer
shiould be made available for power and irvigation nt a fuir choope
for this =ervice. Dy storare on a larpe scale in well-distributed
rescryoirs the peak of the lower river's flood discharge will e cod
down and the menace to the siubmersible Inmds wlong the Colorodn
Liver below the Gramd Canvon, and (o |Jll]'1.j-i_!llll.l.' fox Lhe delis |I'|'_'EL'.I1I_
and the Imparinl Valloy, will be reduced,

8. Negotintions should at once be entered inta, through approprints
channels to bring about an understanding with Mexico, in reference
to the contrel of Colorade Hiver at ite high stages on Mexican terri-
tnry and in reference to the ue<e of the river's water for irrigation in
Mexico, and also to permit the Tnited States to construct canals for
the irrigation of lands in Californin acroes Mexiean territory if found
desirable to so locate them, i

9. That funds be provided for a continuation of the studies relat-
mg to the movement of the blow sand on the line of the cannl and
that these studieg Le conducted under supervision of the Tnited States
Reclamation Serviee.

Further deteils can be secured from the report of the © all-Ameri-
can cannl board ' made {o the i:i-!ﬂr:*.Lar:r af the Interior July 24, 1919

The M On pRge HT 12 includod te show the extent of the projpased
canal and the territory served by af,
~ The length of the nroposed cannl is approximately 75 miles, not
::;n:]lludmg tia branch proposed along L}l:c enst mesa to Coachella

alley, .

The branch te Coachella Valley along the east mesa of Tmperial
Valley iz the partion of the all-American canael included in the pend-
ing Senate bill, sut not incloded in the estimated cost of $31,000,000,

This estimate raised te $38,000,000 by the engineering board, not
including the Coaclella portion of the canal. '

BOVLDER CANYON RESERVOIR

(GEOLOGY
’[l'rm'l report hy F. L. Ranaome peologiet. U, 8. Gesloglieal Bervey, 10071]
- . -
I INTRODUCTION

{[1] Vol B 128)

- The first geclogic examination of the Boulder and Black Canvon
Damisites by the writer of the present report was made early in 1921,
February 1 to 8 were devoted to nn examination of Boulder Canyon
and on February 4 & trip was made with Engineer Walker B, Young,
of the United States Reclamation Service, down the river by boat
to the head of Black Canyon, a distance of about 19 miles from the
nead of Bouider Canyon. February 5 was devoted to the sxamina-
tion of Black Canyon := far down as the lower dam site. A brief
preliminary report on this examination was submitted by the United
States Geological Survey to the United States Reclamation Service.

([1] Vel. & 1209)

On November 14, 1922, the writer, with H. A. C. Jenison ns assist-
ant, returned to Boulder Canyon, at the request of Director A. P.

1Mr. Ransoma I8 now & polmiting peoioglet lacated ot Lom Angelen, Callf.
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Davis, of the Reclamation Service, and -pent 10 dfayzs inon further
examinetion of Boulder Canvon and in o reconnnincanee of conly poriz
af the Boulder Canvon reservoir site o oouid be reac ol Tram o
Heclnmation Serviens camp as a base, 11 then inoved to Dilecle Cln
you nmd made a similar examination of that canyarn wol ol :~}_11_~ e
DG 1 RseEvolr it TR the vieinity of old Callville AE Lt e
the reconnaissatico was cerried down Dizek Canvon to Jumbo Wah,
cstimated to be about 15 miles below the head of the canyon. The
field work was concluded Decomber 6, 1922, Nn rttempl was made
to examine all parts of the reservoir, as this would have renuired
special transporiation and camp equipment, would heye eonen: |
much time, and would probebiy hoave yielded no information &
proctien] volne. That part of fhe recervoir which exlends up the
Colorade, east of the mouth of the Virgin, lies chiefly in nariow
ennyuns through bard rock and no additional investizalion is necm.
sary to support the conclusion that no leakase need be apprefended
from this portion of the reservoir,

Subsequently, two days, December 15 and 19, were spent with the
board of engineers of the Reclamalion: Service in a review of condi-
tivns at Boulder and Black Canyons, and on December 20, in coi-
laboration with the engincers, n brief report was prepared at [as
Vegas, Nev,, to Director Davis,

Ll

GENERAL REGIONAL GROLOGY
(1] Vol. 5 142)

The Muddy Creck formation ocoupies by far the greater part of
the suriace within the Boulder Canyon Ressrvoir site

Overlying the Greggs breccia and the Muddy Creek formation is
n deposit of well-stratified sand and gravel with intercalated flows
of buselt. This hus been described hy Les ? who named it the Temple
Bar conglomerate. TL is variable in thickness and from Lee's de-
seriptions appeers to attain a maximum of over 2000 feot, He
regarided it as probably of earls Quaternary mpe,

([11 Vol. 5 143}

A still younger deposit of gravels forme bluffs nnd terreees riong
the Colorado from tEﬁ mouth of the Grand Canvon to the Gulf of
California. They have been named by Lee* the Chemchuevia pravel
nnc were considered by him as of lata Quaternary age, Their max-
imum thickness is given as abowt 700 feet.

In addition to the intrusive granitic rocks of pre-Camorian ape,
such as are exposed in Boulder Ennwm and the late Tertiary basalt
flows=, such 2= occur in the Muddy Creck formation and Temple Bar
conglomerate, the region contains two rather eomplexr masses of
predomicantly igneous rock of eonsiderabls volume and extent,
One of these lies just north of Doulder Canyon and stretches wost.-
ward toward Eudvﬂ]n Wash and eastward to the valley of the
Virgin: the other occupies many square miles on both sides of the
Colorado, in the vicinity of Bl Canyon. Information COTCerning
these rocks is too meager to permit of dotailed deseription or to
justify the application to them of permanent peologic nemes. For

!Les, W. T., Geological resoobsisganes of T T .11-1 T B Geslogieal
Burrey Pulletln 282 ) e e roma s U
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practical convenience of reference in the present report, however. the
first of these may be referred to as the Doulder Wesh group and the
second as the Black Caryon group. The Black Canyon group is the
mors homogencous and consists of intrusive masses, flows, breccinsg,
and valennic sdiments that are probably all of Tertiary ame. The
Boulder Wash group, in additivn to voleanic and intrasive rock:,
co%tmns some limestone and shale. The voleanic rocks are probabiy
Tertiary but some of the stratified rocks and possibly some of the
intrusive rocks may be older than the Tertiary. Detalled study of
this :nterestine region will some day result in the division of the
Boulder Wash group into true gerologic units.

([1] Vol B, 144)

At the base of the Boulder Wash group, on the north side of
Boulder Canyon, 1,000 fect or. more above the river, is a hard, sili-
ceous yellowish limestone which rests directly upon the pre-Cambrian
schist and granite. No fossils have been found in it and jis age is
unkncwn. is limestone, which is perhaps from 100 to 200 feet
thick, is'overlain by several hundred feet of a coarse breceia mm]pnsed
lnrgely of fragments of pre-Cambrian reck. Apparently some lenses
of limesetons are interbedded with this breccia. The general dip of
the whole is to the north,

([1] VoL & 147}

« At loast one loeality on the west side of Doulder Wash the coarss
breecia is overdain by a considerable thickness of calcareous and
sandy shales, with some very thin beds of limestone. They lpip-nr to
dip m:,rlll‘;r north at about 25° but are disturbed and faulted.
Overlving tho shale is o thick mass of andesitic breccia with possibly
some 1nassive andesite.  This, as a whole, also :I{t[:rl"l'l‘! to dip to the
north, whereas, at ti.e head of Boulder Wash, the sedimentary bads
of the Horse Spring formation dip lmlzj:{ to the south. BEetween
the tws is an cast-west belt'of intrusive rocks, including fine-grained
diorites, Jioritic perphyries, and perhaps other varieties. These are
included in the provisional Boulder Wash group but their relations
to the andesite to the south and the Horse Spring formation to the
north. are &s yet obscure. Cursory examination suggested that they
may Fhve been intruded along an east-west fault zone. The pressure
of & fault appears to be demanded by the manner in which the Horse
Spring formation at the head of Boulder Wash Aips toward the pre-
Cambrian rocks of Bonlder Canyon instead of turning upward and
lapping over the pre-Cambrian as would be expected of a Tertiary
formation. DBelow the part of Boulder Canyon in which the dam
sites are located the s of the Bonlder Wash group are exposed
zlong the river banks as will ba describad later.

([1] ¥Wel. b, 147)

The :gneous rocks of the Black Canyon group constitute an exten-
sive mass that lies athwart the course of the Colorado, about 3 miles
south of the mouth of Las Vegas Wash, and stretches east and west

.for 2 or 3 miles on each side of the river. Through this mass the
stream has cut the deep gorge of Boulder Canyon and flows wholly
within it for about 8 miﬁn to a point where the walls become less
precipitous and pre-Cambrinn granitic and schistose rocks emerge
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from beneanth the voleanic sroup. For about T poles farther, deon
to Jumuo ¥Wash, the river flows mainly throvgh mousitaing of pre-
Cambrian cry:talline rocks. but memuers of the Black Canyon BTl
can be soen on distant summits and in places are low enougi {0
apprar at the water's edge.  Below Jumbo Wash the canyon wis rat
raverses], hind g reconnmissanee by Scliender b oaneest= thet the A:-:1_1r':!x
Canyon voleanic group may be geocrally coutinuous with the thiek
voleanic serics that makes up most of the Black Movntaies Tarther
south, m the vicinity of Oaiman, Ariz.

(111 ¥el L 150, 351)

The Llark Canvon croup is a eomplex assemblage of lava finws,
voleanie breccias, tuffs, voleanic sandstones, and infrusive masses,
The lavas are predominantly rather light colored, reddish gray, bio-
titic rocks of intermediate chemieal eomposition, It 1z deubtiul
whether they should be classed ns andesites or latites, but inasmuch
as accurate classification would vequire chemical enalyses aned
endesite ‘g the older and better-known term, it will be preferable and
sufficiently exact for all practical purposes to refer to them s
andesites. 3Most of the andesites contain considerable plas—that 1=,
the rock solidified before the molten material eould erystallize com-
pletelv—and some flows contain more glegs than crystals. Some of
the lava flows are crowded with fragmernts of essentially ine =ame
charncter az the matrix. These, known ns fiow breceias, probably
owe their characteristic structure to the formation of congealed lava
crusts that were broken up by the continned movement of the still
molten lava, the resulting fragments being enveloped in the liquid
puttion of the flow. A considerable part of the group consists of
breccias of another kind, These are composed chiefly of anguler
fragments of lava and other rocks of various sizes in a matrix that 1=
also composed of frigmeutnl rock particles.  Such rock is the record
of explosive volcanie eruptions.  The fragments mav have accimu-
Jnr.-.lqi on lana or, more probably, in a body of water,  Such a breccia,
in wistinction from a flow brecoie, may be called a tuff breccia,  As.
socinted witl the lava flows and breceins are some relatively thin
layers of well-stratified red sandstone and shale, comprzed of fine
andesitic particles. They may be classed as tuiTaceous sandstone and
tullnceons shale.  Associated with the forsgoing rocks and generally
underlying them are intrusive rocks which sppear to be sencrally
diorites, quartz diorites, or dioritic porphyries. In many places
these lower rocks are so altered and decomposed that their exact
charaeter is not determinable. In other places the rock is clearly n
guartz diorite.  All of these rocks are cut by dikes and small irrepular
masses of basalt.

(011 ¥el. & 161, 152)

The general form of the entire assemblege f rocks comprising
the Black Canyon group is difficult to ascertnin «nd in some respects
wonld remain in doubt even after detailed geologic mapping. It is
clear. however, that the rocks are chiefly lava flows and brecciz
deposits that originally were nearly horizontal. Thev evidently

* Beh . Mneral itm of the Crerbat ]IJ..'I'Ifl'_ I'11.i|:-]; Mouwn (aina, 1-.-..; Crand
Wanh Cliffs, Mohave Countr, arlz ; U, § Gecol, Sucrey Bull, 387, T 1, 1p0n '

INTAS—A, Daow, 150, TO-2 T




E

A2 - COLORADO RIVER DETELODMENT

occupy a basin of which the deepest |I'-:|rt 15 under the pressnt Black
Canvon. The Shniﬂ'-‘- of thig basin and the depth from the river lovel
to the pre-Cambrian crysialline rocks upon which the lavas as a
whole rest are not at present determinable. There is some evidencs
te show that the bottom of the basin subsided after the first eruptions
anid perheaps continued to sink throughout the period of voleanie
activity., Such movement is indicated by the exposure within the
eanyon walls of Iavers of volcanic sandstone which now dip at angles
up to 05 and have been faulted, whercas the higher ]!?l-uws have
genern'ly a much lower dip toward the east-northenst. Thero is
evidence at one locality that the andesite broke through the older
rocks in the vicinity of Black Cangon; in other words, that the seat
of eruption was local and that the flows and breccias are not the
product of cutbursts at some unknown distant point.  If this is true,
it 1s probable that in some parts of the basin t.}ln'; andesitic lavas ox.’
tend downward to their point of origin within the earth.

The basaltic dikes and masses that are exposed in the canyon walls
belong to a late stafre in the sruptive activity and probably extend
downward far below the bottom of the basin. They appear to have
risen tarough branching and irregular fissures which cross the gen-
eral stratification of the flows and breccias. '

From the cccurrence of pre-Cambrian granitic and schistose rocks
both north and south of ]fll.ci: Canyon it 1s fairly certain that the

«lilack Canyon voleanic group as & whole rests on thess rocks. Such
a relaton is clearly shown on the river about 8 miles below the
head of Black Canyon. Here the andesite rests on the pre.Cambrian.
It was not practicable to examine the contact closely at this plage,

gbut; as seen from the river, it appeared to be fairly close. It is cer-

tain that loose gravels or breccias are absent at this point, and :f
any detrital material intervenes between thes lavas and the pre-
Cambrian it is not of a character to cause any anxiety as regards
possible leakage from s ressrvoir 8 milss away. '

{¥rem repott by F. L Hansoms, peolegietl Teltedl Btates Geslegioal Burver. 1B21]
Bovroem Caxrox Dawm
EESERVOIR LEANAGE
({1] Vol. & 104)

In brief, tlie water of the proposed Boulder Canyon Reservoir will
be confined by mountains nfpl::.rd rock or by natural dams of softer
but mot particularly pervious material through which it would have
to pass for 20 miles or more befors finding an ontlet. In other words,
there is no point at which escape of water from the reservoir through
a relatively thin barrier of pervious material need be feared,

BOTLDER CANTON ROCKS
([Z) Vol B 182)
The rocks exposed in the walls of Boulder Canyon, with the possi

ble exception of some dike rocks. are all pro-Cambrian and in a
veneral way may be divided into schist, quariz diorite, and granite.
The schist 1s the older rock and is exposed at the upper entrance to
the gorge. It is mainly dark bioutic schist, mu-:g crumpled and
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ent Uiy dikes of pegmatite, aplite, quariz diorite, £nd fine-grained
gray granite in general order of decreasing age. o _

The schist is succeeded downstream by quartz diorite, which s
intrucive into the schist and in a general way underlies it. The
quartz dicrite is a hard, tough, fine-grained rock of granitic appear-
ance Lmt rather darker in enlor than typieal geanite. Like much of
the rock in the eanyon. it hins has undergone some superficial weather-
ing but it is nowhere difficult to collect fresh material. The most
eonspicuous dark constituent is hornblende in slender black prisms,
Tn sone varietiss thess prisme are an inch or more in length,  lilack
mira (bintite) is also fairly abundant. The light-colored constitu-
ent< are gquirz and feldspar, the feldspar beings chjﬂ:i]v calcium:
sodium feldspar or plagioclase. The microscope shows that all the
constitient minernls nre generally fresh.

{11) Val. 5 184)

Farther downstream the canyon walls, or at least their lower por-
tions, are composed of n fine.grained gray granite which is intrusive
inte the quartz diorite. Like the quartz diorite the prranite is RN -
erally fresh and under the microscope shows a closely interlocking
ageregate of erthoclase, plagioclase, quartz, and biotiie.  The con.
sicderable quantity of plagioclase present may justify classification
of thie rock as n quartz monxonite, but for all practical purposes if
15 sufficiently exact to refer to it as granite,

[From report by F. 1. Rasssss, geolaglst! U B Cedlogical Sucvey, 1921)
(1] Vel B 154}

The general distribution of the schist, quartz dierite, an” ~ran:in
in the lower part of the canyon walls is shown on 45-C-84, No al-
tempt was made to map these rocks accurately, as such mapping
would serve no immedinte useful purpose. It is questionable whether
it would ba practicable to trace the contacts up &m inaccess ble parts
of the canyon walls. For all purposes connected with dam con-
struction the distinetion between the granite and the quartz diorite
15 unessentinl. The quartz diorite 15 probably a shightly tougher rock
than the granite and may, therefore, be a little more difieult to driil
or break. It will be observed that at line C=1 of the upper dam site

the only smte now seriously considered) the morth wall is quarts
iorite and the south wall gramite. Two test tunnels run in the north
wall near this line, in 1922, are both in the quartz Jiorite,

BOTLLOER CANTON TAULTS
([1] Vol & 185 and 1584

_ A number of fanlts—that is, fissures along which the rock on one
side has moved relatively to that on the other side—are exposed in the
canyon walls. They show some diversity of trend but most of them
strike from north to northeast and dip west. The evidence of former
movement on these faults is found in the existence of poelished and

grooved rock surfaces, erally separated by a layer of eruched
rock or of triturated rock commeonly referred to as gouge.

L L] - L] - L] L3
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None of the fanits exposed in the canyon walls shows any indica-
tion of present or recent movement.  They contain no soft gouge and
the crushed materin] between their walls hins been cemented uto o
rock too hard te Le beoken ont with o pick.  Thisz condition, while
prriaps not th=alitel v conclusive, 1= nt lenst !-'1.'I'I.'2'!'|;'_"1I‘p' imthieative of
the nlweenee ll'}f poreTit v eents, .

BELSNMIC LISTURBANCEX
([11 Vel. G, 183}

Careful examination of the region from high points in the vieinity
wf the canyon failed to show any features in the topography !ﬂ.lglgti-
%ive of recent displacement.  "The existence of ravines that have been
croded along a iEt]il; i not evidence of recent movement; it rather
indieates some measure of antiquity.

[From repert by F. 1. Ransoee, gealoglet, 7. 8. Geelogion] Burver, 1950
([1] Val. 5, 154

It must be remembersd that all throvgh the region west of the
Colorndo Plateaus faults are numerous, and it would he difficult to
find any area of more than o few sguare miles in Nevada, western
Arizona. or southern California whers faults are absent, In a peo-
logical =enss most of these faults are recent but com :Irative!f fow
af them are known to have been active within historiea! time. hose,
such as the grea: rift identified with the San Franciseo etrthqun]m
nf 190, wre marked by n characteristic topography that is highly
simificant of reeent nctivity, The cssential conclusion, with refer-
vnee to dam construction, is that no fault in the vieinity of oulder .
Canvon ig meencinted with features such as are recogmized as char-
Heke Lemlin bia wiat caadiv wiiws : ' aotive sinee civilized man

ha= inhabited North ﬁm:rini.
(011 Vol 5. 190)

Nenr the head of Bovlder Canven are three faults, These faulte
Jdip to the west aned Luve normal displacement, that is, the west sides
have rone down or the east sides Tave cone up,  The throws are
moderate—probably not over 200 feet. There is no means, however,
of measuring the throw mecurately. The nearest of these faults lies
A0 foet upstrenm from the permanent dam.  Two of them will be
erossed by the proposed 30-foot diversion tunnels, bat their presence
1% not expected to present any enrineering difficulties,

Another fault les abont 900 feet downstream from the toe of the
proposed dam and erosion along it has produced lateral ravinas both
north and south of the river,

P L - (111 VoI, 5 200)

4t is probable that any dam constructed in Beoulder Canyon will
be at the upper or C site, and this iz sufficiently distant from the
fauit zone to insure the snfety of the strdcture should any additional
movement take place. Should the Boulder Canyon region again be
subjected to deformation by faulting, the major stresses are more
likely to find relief along this fault zone than along any of the frac-
tures alrendy existing within the sectinn of the canvon in which the
dum sites are located.
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FORMATION OF CANTOM
(1] vel G b L I

like many other.canyons in the Western States,
hag bwen supposed by 5."“““: who are not reolozists and ate [-\.II:-!I:
apprecintive of the orosive power nf running water, .nn1 .:uuL IH.l:;n
formed by a fanit.  As this supposition has been advanced in oppost-
tion to the construction of a conerete dam across the canyon ® it may
be well to state that there is no evidence whatever that the porge was
opened by & rending apart of its wnlls or by erosion along a fault.

Teulder Canyon,

[From pepart by F. L. Dansvme, peeeglst 17, 8. Geslogioal Barrey, 1023]

([1] Vol 5, 201)

The course of the canvon is more SiMUOUS than would be expectoed
did it follow a single-fault fissure.  Tf it be supprosed that each of the
comparatively straight sections of the canyon has followed one of n
sevies of intersecting faults, these faults should be visible in the walls
at the bends of the river. They do not appear. There is no indica-
tion that the rock on one side of the canyon has been displaced with
raference to the rock on the other side. On the contrary, dikes,
fiesures. and other featurcs, provided that they strike in the right
directions, can generally be found in their oririnal relative positions
or ench side of the river. ‘The canyon is wholly the work of running
water armed with abundant bowlders, gravel, and sand. Its form
ndicates that it was cut rapidly in late geologic time,

DURADILATY O DK
[[1] Vol 5. 304

Notwithstanding the prevalence of jeinting the decomposition of
the granitic rocks in the walls of the canyon is remarkably slight.
This is dus partly to the resistant character of the rock itself, partly
to the recency of the canyon rs a geologic frature, and partly to the
closeness of the joints which has nol permitted deep penectration of
pir and surface water. The absence of frost in this locality is, of
course, also conducive to the preservation of rock traversed by joints.

Although, of eourse, massive rock with no joints would be the ideal
material on which to construct a dam, few rocks as old as those of
Boulder Canyon, particularly in the southwestern United States, are
free from joints. The Boulder Canyon granite (including the
§u31'tz. diorite) is durable. it unquestionably extends for hundreds of
ant below the bottom of the river, and the joints are far too tight to
permit any flow of water around or under the dam.

Broack Canvox Daw
EEEFRVOIE LEAKAOE
([1] Vo1, §, 213)

The same general conditions prevail in the Black Canyon section of
t]FJ.E.' reserveir as in the Boulder Canyon =ection, Callville Wash, Las
Vegas Wash, and Hemenway Wash all rise gradually away from the

i Hearings bafors fha Committes on Ir tien of Arid Lands, T 3 2 2o tven,
Tth Cong., 4th s, on 1. E, 11440, m':'rs. i R sase of firo rtires,
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piver and head in passes that are so distant from the reservoir and so
Chiglg above the proposed water surfase that overflow through them
via'impossible. Mortover with the water gurface at ‘he highest level
" peeposed. the water wonld have to pass through many miles of rock.

to find an outlet. ‘The shortest route of escape through the inclosing
yocks would be through the mass between Hemenwny Wash and

Colorade River, to some pemt of emgggence below the dam site. To

accomplish this passdge the water would have to pass through at

least a mile of rock, partly intrusive dioritic porphyry and partly

the voleanic rocks of the Black Canyon proup. There is no evidence
of the sxistence of any continuous porous rock member as for ex-
ample, a layer of conglomerate or loose breccia, through which water
could escape by this route.

The Iﬂﬁﬁibiﬁt? of leakage around the dam on the Arizona sidle
of the river. under the gravel-covered slopes that intervene between
the Black Canvon voleanics and the pre-Cambrian rocks of the main
ridgs of the Bilack Mountains, was also carefully considered. To
pscape by this general route the water swould have to penetrate at
least 2 miles of material, mostly solid, impervious rock. As the flows
of the lack Canvon group dip generally northeast, away from the
dam site, the water would have to find its way 1ot merely between but
acrogs these flows and the possibility of escape by this underground
route may safely be dismissed.

BLACE CANTON ROCKS
{111 Vol. 5, 220)

They are a series of voleanic flows and tufl-breccins mainly of
andesitic composition. There was apparently eonsiderable disturb-
ance during the period of eruption and lower flows and breccia layers
were probably tilted and faulted before being covered by younger
lava, ‘The walls of the canyon show in many places a rongh strati-
fention of Uhe lava flows and breecias in layers 100 {eet or more thick.
Thi~ is shown in the dark canyon walls by slight differences in color
and by rather vague lincs or zones along which the lava weathers into
cavities which give it the appearance of having a coarse, spongy,
texture, as seen in the cliffe.

([1] ¥el. G, 221}

It appears that the rock exposed in,the walls of Dlnck Canyon
from the head of the canyoen to & point at least a quarter of a mile
hflow ihe lawer dam site and extending from the river for ar un-
knewn height, probably several hundred feet, up the cliffs, is mainly
andesitie tuil brecein,

(1] ¥eol. & 222%

Tt scems necessary to conclude that the tufl breccia and aszocinted
candstone and shale were deposited in a deep basin and that after at
least partial consolidation they were faulted and tilted before the
andesitic flows buried them. The depth of this basin or the maxi-
mum distance from the present river bottom to the bottom of 42 tuff
breccia is not known. Neither is it known on what rock the breccia
rests in the deeper part of the basin. As already mentioned, the
andesitic rocks rest, at various places, on diorite porphyry. Whether
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this rock underlies the whole of the tufl breecia or 15 intrusive nto
it s not known, T° is probable that this diorite porphyry or pre-
Cambrien gramitic rocl= underlie the breeeia in the deeper parts
of the basin.

FAULTAS AND FORMATION OF CANYOX

{[1] Veol. § 223)

As wonld be expected, a number of faults are exposed in the canyon
walls, but as no topographic map of the canyon was available at the
time of examination 1t was not practicable to map thes:, Some, s
has been suggested, were formed during the period of voleanic ac-
tivity and affect only the tufl breccia and the rocks beneath it.
Others dislecate the overlying flows

Nono of the faults seen shows evidence of recent movernent and
nene is so situated as to interfere in any way with the maintenance
of a high concrete dam at the lower dam site. The following rather
interesting evidence wae obtained to show that at least one of thess
faults hes long been without movement.

{[1] Vol &, 224}

At a point on the Arizona side of the canyon, determined by
aneroid readings to be about %00 feet above the river, wer: found

qoles and channels worn in the andesite by & stream that onca
Aowed &t that lerel, but which could not possibly flow thern with the
topography anything like what it is to-day. The potholes are as-
sociated with well-rounded hard pebbles up to a foot in dimaeter,
Somea are of limestone and must have been brought down from the
country east of Doulder Canyon. There appears to be no escaza
from the conclusion that these potholes and channels were the work
of the Colorado River before it cut the present gmorge to a depth of
over 900 feet below them., Some of the channels cross a favit of
which the lithified gouge with nearly horizontal grooving can be
soen. ‘There has been no movement an the fanlt since these channels
wera eut.  The existence of these well-preserved potholes and chan-
nels demonstrates (1) that the fault has undergone no movement dur-
ing a period long enongh for the river to cut down over 00 feet
through hard rock, (2) thay the andesite it eapable of vetaining
smoasth surface through long exposure to the weather, and (3) that
the cutting of the gorge, while it probally continued for many
cenfuries, was peolezically o comparatively rapid process,

BLACK CANTON DAM SITE AND LEAKAGE AROUND DAM
([1]) Veol. 5 225-231)

The river here 15 from 200 to 300 feet wide, and the walls rise =n
steeply that at the 1,100 contour, or about 450 fect above the river,
they are only from € to 700 feet apart. For a considerable part
of their heignt they are cm:&md of andesite tufl breccia, consisting
of angular {ru:menr.-a of andesite and of other fine-grained igneous
rocks in & matrix of finer particles, all irmly cemented to a hard
rock of generally reddish gray eolor. Although not separable into
distinct beds, the rock sxhibite indefinite lines of stratification. em-
phasized on weathered surfaces by the alignment of irregular pits or
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cavities whiclh give the reck the superficial appearance of being
sutrwhat porons or spongy.  The pis, however, are not oviginal
cavitics bt are due 1o the disinteeration and weathering cut of cer-
win fragments in the breecia.  In certain spoils in the walls the
coment of the breeeis, which is partly caleite and prolebly pactly
oxide of iron, 18 mare rendily acted upon by the weather than else-
where anil the Lreccia disintegrates so as to produce concavities or
<lallow caves I the clilfs.  Thiz action, however, = superhcinl and
the recle back of a very thin surface Jnver is apparentiv nearly or
quiite s hard as clsewlere,  The breecia ne a whole is & strong, laed,
impervious rock and would be excellent material on and aguinst
which to constrict a duam. There i no deep decomposition and less
thin 10 feet wounld have to be removed to secure mood anchorage for
noconcrete stroueture, The breeein is traversed ]J}l OIS jl'.‘li]'l.t!. bt
these nre superficially neeentunted by weathering,  Joints are prob-
ably much less abundant than in the cranite at Boulder Canvon.

(11] Vol 5, 237)

When a dam is constructed on granite there is not Likely to be
mueh conecern abont the foundation. There is rensonable certminty
that the crafite extends downward far beyond any deplh that need
be considered in planning an engineering structure. \When, how-
ever, a dam is built on voleanic rock it is necessary not only to con-
sider the charneter of the tock in sight but to inguire what may be
beneath it.  [s it possible, for example that a firm massive lava may
rest on loose sravel or aggzlomerate through which water might
escape and perhaps in time undermine the foundation of the dam!?
No one can at present tell what is under the andesite breccia at the
lovegr dam site at Black Canyon, but it is reasonably certain that the
breceinitself extends so far below the river bed at this point Lo insure
an adequate foundation for any properly constructed dam. The lines
of stratifieation in the breeein dip upsiveam at about 50 degroes,  The

f came breccia extehds downstream fll:l{' at lenxt 1,200 feet, with gradu-
g allweiccreasing dip. The average dip can safely be taken at 30 degrees.
Thiz would give a thickness of at least 700 feet of breccia below the
surface of the river at the dam site. The actual thickness is ilrﬂhﬂ.l]j'
greater than this, as the diﬁ and distence used in the caleulation
. were very conservatively taken. If anywhere beneath the breccia
“soft or porous deposits oceur, these nowhere come to the surface
nnil consequently would not be likely to permit the escape of waler
held !'mf.‘:].w the proposed dam. Wherever the base of any member
of the Black Canyon voleanic group has been sten no considerable
nantity of loose or porous materinl has been found. About 1,700
eet downstream from the lower dam site an irrerular intrusive mass
of basalt is exposed on both =zides of the river and extends for some
hundreds of feet above the water. This mass has presumably come
up from great depth and eonstitutes o natural impervious digphragm
wiich would prevent free passnge of water through s buried porous
stratum, did such exist.  About a mile below the dam site the breccin
disappears end an intrusive dioritic rock forms the lower walls of
tlie canyon.  The precise point of chiange was not recagnized in pass-
ing up and down the river and the contact between the two rocks is
certainly inconspicuous and presumably, therefore, cloge.



COLORADO RIVER DEVELOPMENT 99

In short, there is no reason to apprehend that water impounded
bebind a high dam at the lower dam gite could sseape around or under
the dam.

SELECTION OF DAM SITE

BITLDER CANTON
([1] Vol. 5, 28}

Active work of investigating dam sites below the Virgin Hiver
begrn early in 1920, In April of that year Mr. Homer Hamlin,
consulting u%inur-gwlﬂgim of Los Angeles, now deceased, assisted
by Edgar T. Wheeler, made a reconnaissance of the river from Virgin
Hiver to Yuma, at which time they selected a site in Boulder Canyon
about 3.500 feet downstream from its entrence, later designated the
A site, as being the most farvorable site for the construction of 2 high
dam. In the Hamlin-Wheeler report of July, 1920, it is stated :

[T, hnwever, the slie proves unsatlsfactory, 1 may b pdrviaable to try for hed
rock in the uppet ceaches of Block Canyon, smme 21 miies below Bouwlder Canyon
dam site. The chances for o dom slte here seem jus: ns good as in Doulder
Canyom, bot the rock Is voleanbe tuff, It appears to be mitlafactory, however,
and k& very hard apd den=e.

_ Diamond-drill operations to test foundation conditions were begun
in September, 1020. The first dam sile drilled was the A site. A
cross section of the river channel was developed by drilling 12 holes.

([1] Vel &, °7)

- The maximum depth to bed rock below low-water surface in the
river was found to be 130 feet, In meneral, the river channel is
filled with fine =and and =ilt to a ﬂr:pti of about 70 feet, overlying
rravel, and bowlders, inereasing in size with inerea od depth, Where
it wes possible to seat the diamond bit on the rock the holes were
carried inte the foundation rock in order to ascertain its quality.
The diamond drill produces a core, in this case fifteen-sixteenths inch
in_diameter, which is recovered for examinetion. The hole deter-
mining the maximum depth to rock was continusd into the rock for
07 feet to m point 193 feet below low-water surface.  Seventy-seven
per cent of the core was recovered, which showed the rock to be tha
hne-grained granite previously described. Tt is of excellent quality,
although considerably jointed. ’

A fault crosses the river about 120 feet below the line drilled.
There has been some slight movemnent along one of the major west
dipping jeints, but there is no evidence of either larpe displacement
nor, gealogically speaking, recent movement. However. n dam bailt
at the A site would rest on the fault, and although the fault is APPAT-
ently of no consequence it was thought sdvisable to locate a site wﬁ?re
I",]]““i had not occurred. At site B the amount of concrete ra-
quired for o dam would be no %‘rﬁ.ttr than at the 4 site. However
examination of the B site disclosed the existence of a well-defined
fault fissure there. It appears in tho south wall about 15 feet west
2f the B line and crosses the line obliquely. The fissure contains
from 1 to 2 feet of erushed granits cemented to o hard rock, There
has probably not been any recent movement, but it would not be
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n:l'.'j'_;:nh]u..m consiruct a dam on it. The fault could be aveided by
movivge the dem downstrean, it with muterial inerease in concrete
vardame™™ The T3 site wis. not deilled.
'y
[11 ¥nl, 5 23

*

The steep eangon wals ave unsuited to u railroad or constrnetion
plant, nnd it is believed that construetion 'of a rreat dam at any
considerable distance from the entrance to the eanyen wauld be both
diflicnlt and expensive. This in addition to the existence of minor
faults at the A and B sites Jed to the investization of the C dam
site just below the point where the canyon proper begins. Here the
dpstrenm heel of the largest concrete dam proposed would rest on
s hard didee gnd the downstream toe would fall at the nairow point
in the river channel, where the disiance between canyon walls is only
about 200 feet. Although the concrete yardage woild be greater, it
s belteved that a dam could be constructed for the same or less cost
than at the A site on sccount of better accessibility.

[1] Vol B 20

Cr line C-1 a cross section of the river channel was developed
by & ling 12 holes, with maximum depth to bed rock, 130 feet. As
am 1 A dam site, the channel is filled with fine =sand and silt to a
epe - of about 70 lect, overlying gravel and heavy bowlders. “The
nole  were carried into the foundation rock to ascertain its quality.
The deepest hole penetrated bed rock for a distance of 505 fost to
B pooat 13005 feet below low-water sorface; 43.0 per cent of core was
recc ered, which showed the rock to be the fine-grained granite or
quurz diorite, muchly jninted.

It wus anticipated that the depth to bed rock, between the points
of v =k, some 300 feet downstream from line C-1, would be greater
- than at line C-1 on acconnt of the high velocity of flood water in
the constricted area of section, and an attempt was made to outline
the channel section by drilling angle holes under the river from the
banks on'line C-2. One angle hele drilled from the Nevada sida was
finighe . It waes 400 feet long and did net run out of rock into the
river channel. Two heles were started Trom the Arizona side. One
ran out of rock into the river channel and the other was abandoned
By the hiole was caving. One of the objects in drilling the angle holes
was to determine whether the canyon had been formed by a fault
along i's axds. As depth to bed rock in the river channel could be
necertnined more easiiy by drilling vertieal holes from barges the
following wenson and since n geological examinntion indicated
bevond any doubt that the canyon was not along a fault line, there
was no abject in continuing the angle hole from the Arizona side.

[[1] Val & 20)

Since preliminary investigations indicated that the C site was
more {avorable than the A site the entire foundation aren of the
largest dam proposed was developed at the C site by deilling on lines
300 feet apart up and down stream, on lines under the proposed
collerdams and miscellaneous holes along the shore line to develop
rock at tunnel entrunces, ete,



COLOTADG NIVERL DEVELOPMENT 101

Tt will be interesting to note that proceeding downstream the
maximutn depth 1o bedrock increases from 58 feet at h!m L' =400, to
158 fee: on line D-200. and 156 feet on line D-400. The lIEI.l.“l‘.'l'l_:l'
deptly to rock at line U-400 would prove very ndvantageous since it
eanld be taken advaniage of in construction of the dam. The high
rock at this point is explained by the dike previeusly mentioned
which 1z indicated on drawing 45-0-32%8 RS cromuangs ‘Ii":: river be-
tween Lnes U-200 and U400, It is composed of a Leht gray, fine-
grained porphyry with small porphyritic crystals ol Ift:]dai:-lr.i unrtz,
and biotite, It 3% about 15 l}m-t wide at the water's edge snd dips
downstream at about 60 deprees,

(111 Vol & 310

At lines =200 and D400 the rock i« very much shattered, and in
the deepest hole on line D400 only 14.4 per cent of core was re-
covered although a double tube core barrel, adapted to use in friable
rocl, was used. The indications were that between lines D-200 and
T1-400 there 15 a zone of crushing, probably secondary to the fault
crossing Lhe river just below the dam site. This erushed zene in
combination with the restricted width between the projecting points
of rock is undoubtedly responsible for the greater depth of scouring.

An interesting feature of the drilling was the development of high
bed rock under the proposed upper cofferdam about 1.200 feet up-
stream from line C-1 with a maximum cdepth to rock of 34 feet below
low.water surface. This discovery led to the immediate considera-
tion of this location ss a possible dam site. Locating the dam at
this site would simplify the most difficult and expensive feature of
construction, that of building and maintaining eofferdams in the
Colorado River to reach bed rock at depths developed at other sites.
This site, however, is crossed by thres plainly marked faults in a
directior transverse 1o the canyon. They are not of recent occurrence
and probably are g0 cemented as to be water ti%ht, but 1 crse of a
future earth movement in this locality there would be a possible tend.
ency toward displacement along these old fault planes. This contin-
gency involves an element of risk which more than offsets the ad-
vantage rained by building on a shallow foundation and renders this
upper site unsuitable for the proposed high dam. A detailed geo.
logical exarmination was made of the site ﬁ;f H. A. C. Jenison, meo-
logist, United States (Geological Survey. -

(111 YVel. 5, :12)

Upon abondoning the cofferdam site as a possible site for ihe
main dam consideration was given to locating the dam on the com.
paratively high rock between the cofferdam site and the C cite. The
dems proposed are of the gravity type built on a curved plan, The
topograpiy between the sites is such that & dam placed so that its
base would come between the faults mentioned and the dike at the C
site. would miss the natural abutments in the upper portion. The
conerete vardage would be more than at the C site and the Arizona
abutment would be poor. The investigations led to the adoption of
the C dam site az being the most favorable site for the construction
of the proposed high dam in Boulder Ci~yon. This site was very
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thorouphly develaped for comparison with the best site in Black
Cn nvon, 20 mifes Jownstream,

The total number of holes drilled in Doalder Canvon was 1202
110 of which were put down at the C dam site including those at

the cofferdem sites.
[1]1 Vol. 0. 33

The terms * broken pranite,” * seamy oranite,” " crushed sranite,”
etc, found in +he drill logs is the result of the drillers attempting ta
cla==ify the core recavered in detail. The jointing in the granite is
responsible for the breken core and a piece of fiftesn-sixteenths
inch diameter core over & or 8 inches longy was rare, The cors
recoverod 15 stored with that obtained at Black Canyon in a stonc
cellar ot the Dlack Canvon dreill eamp. No attempt was made tn

« carty the holes on cofferdam line C to rock since the purpose of the
drilling was to develop n foundation suitabl. for the proposed cofler.
dams and a pood bed of bowlders was all ‘hat was required. The
gamne was true of cofferdam lines A end B, but here there were no
bowlders,

13 L

BLATK CANTON

[1] Vel 5 32

Two Jdam sites were investigated in Black Canyon: One about
1nd0) feet below the entramce, known as the A site, and the other
about 134 miles below the entrance, known as the ID site. Dus to
the greater width of river channel at the upper site it was antici-

: glnlq-d that bed rock would be found at comparatively shallow depths.

aowever, the shallow depth did not materialize, and this, 1n combi-

nation with the character of the rock and the large amount of con-
crete necessary to build the dam, made the 1) site preferable.

o

[17 ¥Wnl. 5 30

The river at the I =site i= from about 260 to 350 feet wide atl low
Lwater and the walls rise so stesply that at an elevation 450 feet
above the river they are only from 550 to £.0 feet apart. For a con-
sidtrable part of their height the walls are composed of andesite tuff
brecein, previensly described, overlain by flow brecoa.

In the walls the rock shows irregular pits and cavities which give
it the supecficinl arpearance of being somewhat porons or spongy,
The pits are not orimnal cavities but are due to the disintesration
antd weathering out of cerinin fragments in the breccia. The brecein,
ag 1 whole. i= n strong, hard, massive impervious rock, which would
be an exceilent material on and against which to construct a daw.

There is no deep decomposition and it is estimated that less than 10
fect would have to be removed to secure good anchorage for a con-
crete dam.  Joints are much less numerous than in the cranite at
Ioulder Canyon.

([1] Vol 5 3

Voleanie rock as a dam foundation is not so generally suitahle
as pranite formation which is deep seated and free from the 1p-ﬂﬁi~
bility of being underlain by layers of inferior material, such, for
example, as loose gravel through which water might escape and per-
haps in time undermine the dam. Tt is estimated that the breccia at
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the dam site is at least 700 feet thick below the water surface i
the river and perhaps much thicker. If a layer of previous material
does exist under the breccin it does not eome Lo the surface and conse-
quently leskage through it wonld not be likely to occur.  About
one-fourth mile below the dam site an intrusive mass of basalt has
presumably been foreed np from great depth to some hundreds of
feet above the river level. This mass lies neross the canyon, the
river having cut through it, and constitutes a natural impervious
diaphragm which would prevent free passaze of water through a
buricd porens stratum, did such exist. In short, there is no reason
to apprehend that water impounded behind a dam ot the lower sito
i Black Canyon could escape around or under the dam.

(17 Vel. &5 40, 41}

Diamond driil operations to test foundation conditions were begun
in January, 1922 The upper or A site was the first dam site drilled.
A eross soction of the channel was partially developed by drilling
0 holes on Line A, witii maximum :1r-p|h to bed rock below water
surface of 4.4 feet. It is hkely, however, that the deepest channel
wns not located.  In peneral, the river channel s filled with fine
snd aned w16 to a depth of from 15 to 20 feet resting on gravel and
boulders. Pour of the holes were drilled into the beﬁrn:u:]: and as at
Boulder Canyon, a core fifteen-sixteenths inch in diameter was
recovered. In addition to the river holes, & hole was drilled on the
Nevada shore above high water to a depth of 250 feet to ascertain
the quality of the rock to a considerabla d . In all cases the
rock was Ecrund to be a spongy flow breccia of light weight and high
apsorption. The rock contains open seams or cavities, as indicated E}'
the loss of the water pumped into the hole in drilling; soft spots were
located ; either seams of clay or more probably breceia were crossed ;
und the percentage of core recovered was low. In short, the rock
wis not congid suitable for the foundation of & dam of the height
proposed and the site was abandoned.

Drilling of the more difficult lower sits was undertaken in Septem.
ber, 1922, Due to the fact that the rock is of voleanic origin, usually
looked upon as requiring carcful investigation befors seceptance for
a foundation for a h:iﬁh dam, it was desirable to obtain & high core
recovery. To mccomplish this & core 13§ inches in diameter and
double-tube core barrels replaced the single-tube type.

([1] Vol B, 42)

Although «fwlogir:l examinations indicated that the foundation
rock extended to a depth of at least 700 feet below river leval: that
it does not rest on a layer of material through which water under
preat pressure might pass; and that if this pervious layer did exist
the passage of water wonld be prevented by a diaphragm of basalt
across the canyon below the dam site, it was thought best to test
the rock 1o & considerable depth. A hole was therefore drilled on
the Arizona side, opposite the center of the base of the pm;mnd
dam, to a depth of 675 fest (557 feet below low-water sur ace).
Eliht}'-l_’l#t per cent of the core was recovered. The hole remained
ifi breccia or compact [atite or andesite for the entire distance. The
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rock termed ® latite ™ or # andesite ™ was encountercd several times,
Tt is a smooth, dark red-brown ropk, similar to the voleanic breccia
but without the anpular {ragments. Where the change irom ons
~gck to the other oceurs there is no adefinite joint.  The clange is
rradual, come merging into the other, and in all probability the two
nre cesentially the same rock with a different distribution of the
angular fragments,  Three comparatively soft strenks were cn-
cointered, one at depth 355 fect, one at 439 feet, nnd one at 530 fret.
The deill water was lost onee when the hole had reached a depth of
470 feet, but it is not known whether the-waler was lost above or be-
lowr water level in the river. A mreat deal of trouble was experienced
townrd the end on account of lack of proper equipment for so deep 2
hole. It was necessary to * picce out " with smaller drill rods which
vibrated badly, There was dangrer of sticking the diamend bit, »ad
as the ndditional information to be obtained was of o pature (o satisly
curiosity rather than of practical value, the hole was diseontinued,

(111 Vol G. 47)

The entire area of foundation of the largest dam proposed was
developed by drilling on lines 200 {eet apart ns at Boulder Canvon.
In addition, the sites of the proposed cofferdams for diverting the
river during construction of the dam were drilled.

As a usual practice all holes at the lower dam site were drilled into
bed rock for a distance of 50 feel. The records show that 100 per
cent of core was recovered from several holes and that rore recovery
seldom fell below %0 per cent. The foundation rock was found to be
the same andesitic tuff breccia that appears in the canyon walls at
the dam site. At times pieces of core i and 4 feet long were recov-
crec. Inm one hole on line D400 and one on line D600 compact
latite or andesite without angular fragments was encountered, simi-
‘ar to that found in the deep land hole. Driefly, the drilling proved
he foundation to be excellent bevond a doubt. The rock is massive,
sound, and of a 1-emnrknhl:~rﬂun':fnrm character,

The maximum depth to rock below low water surface was found to

“be 110 fret for 400 feet between lines U-200 and D-200, incressing to
1283 feet at line D400 and 1325 feat at line D-G00. There 15 &
point just above line U-200 and anaother near line D-G00, where some
slight” movement has apparently taken place. Although they are
roffsidered as of ne practical importauce the dam has been so placed
7s to avoild them—thus the downstream toe of the largest dam pro-
posed” falls cbout 50 feet downstream from line D400 and it is
ussumed that at this point the maximum depth is 125 feet, '

([1] Vel B 44)

In general, the river channel is filled with fine sand and silt to a
depth of from 20 to 30 feet overlying gravel and small boulders with
the exception that at line D large bowlders, presumalbly the result of
a rock slide from the canyon wall, were encountered. Samples taken
at varions times show the material below the fine sand to be well
sraded and snitable for use in eoncrete.  This has a practical value
since the material excavated for the foundation may be stored for
Inter 11sc in concrete.
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The river has eyt a narrow trench down the center of the canyon
leaving in meost cases almost lovel benehes on either side at an eleva-
tion nfn':mut 45 feet below low-water surface. These benches are of
rreat practical value in building the tlam ns dicenzzed under “di-
vorsion works” and morcover reduce the height of dam below that
indicated by the maximum seetion desizned, over about Lwn-t'!t] rds of
the width of the eanyon. In determining upon the allowable umit
ciress 10 be considered in the desirn of the dam the effect of these
benches should net be overlooked. )

As at Boulder Canyon, rock was found at the site of the upper
cofferdnm at comparafively shallow depth, 75 feet at Dlack Canyon.
Consideration was given to moving the dam upstream to take ao-
vantage of the higher rock, but the iden was abandoned for the rea-
som that the rock here is spongy, similar to that found at the A dam
site, and for the further reason that the yardage n{: conerete in the
cam would be very materially larger than at the D site.

([ Val. L. 40)

The total number of holes drilled in Black Canvon was 0L, 41 of
which were put down at the lower or D dam site. The holes were
located by eoordinates, U-200 indicating that the hole is 200 fest
upstream from line D which was considered one ordinate, and W-170
indicating that the hole is west of the base line on the Arizona shore
170 feet. The record of cores was kept in more detail than at Boulder
Canyon for the reason that the quality of the rock was more In ques-
tion. The core recovered ix stored in a rock cellar at the drill cam
on the Nevada side 1 mile upstream from the entrance to Blac
Canyon,

The datum used at Black Canyon is mean sea level datum.

Foonpatios Rocks
{[11 Yal, o, 6G3=558)

The specific gravity, absorption, and compressive strength of the
}'nrlnrhhun rocks was found by the Bureau of Standards® to be as
OliOwWE !
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The strength was determined by crushing cylindrical specimens
2 inches in dinmeter by 214 inches high. The samples of diorite
and granite eame from the " dump " of the test tunnels driven in
the Nevada abutment at the C dam site in DBoulder Canvon and
represented rock found 40 or 50 feet from the surface while the
breccia came from the excavation of a bench at the D dam site
in Black Canyon from which the deep land hole was drilled, within
two or three feet of the surface of the canyvon wall.

'FH]!IE;lﬂlﬂlrtﬂtuhﬂwhlh b proposed Tionpder v—
Celorado Rirer, by U. B Butean of Standards, Prbr :|t1. 1824, Canyes Dam,
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{([17 Vol 5, 403418}

Accelernted waathering tests* by alternate sonking in salt solution
and drying indiented that the Black Canyon rocks would probably
weather more rapidly then the granite of Doulder Canyon i exposed
to freszing and thawing. However, freezing temperatures ore rare
in the lmsiw of the dam site, in forming to a thiclness of possibly
one-sixteenth ineh n fow times each winter on w pail of water in
the open.

([1] ¥ol. b, &3]

The rocks in both Boulder and Black Canyon are amply qualified
for s high dam and while the granitic rocks of Boulder Canyon
are superior to the voleanic breccins of *DBleck Conyon so far as
mineral composition, strength, and porosity sre concerned, these
advantages are offset by the better structural conditions at the Iilack
Canyon dam site.

[[1] Vol 0. 04]

The durability of the rocks are fully demonsirated by the narrow-
ness of the canyons and the steepness of the walls. As an example
of the durability of Black Canvon rocks, Doctor Ransome in fus
report cites a case where the Colorado at one time flowed on rock

{oat abows the present slevatior ~f the river, as evidenced h{hput

holes ar the rim of the canyon Ziwed with upcountry gravel. These

¢ ot holes demonstrate that the rock ix capable of retaining s smooth
surface under axposure to the weather through many centuries.

Dipston or Dax
CHOICE OF DESIGON

_ - ([1] Vol. 5, 56)
Al number ¢f preliminary designs and estimates were pre-
¥ plrmmlins to impound reservoirs nfgf:np-lt'it:r varying from four
> to thirtr-frur millicn acre-feet the dams ranging in height “IE' to
T4 feet from lowest pont of foundation to top of parapet. This
; unprecedented height led to careful consideration of various types
. of dam to determpine which could be puilt to best fulfill the requive-
* ments of safety at a reasonable cost. . -

& —Studiss made include the earth and rock-fill type of dam, rock fill
£ witle pencreta face, conerete arch dam, eombination multiple arch and
- gravity dam, conerete gravity dam built straight across the canyons
*-and the same dam built in the form of an arch. Vnrious theories
| were invesgated and trial designs were made according to each for
' gompATisom.

%  "No satisfactory solution was found for cither a single or mu'tiple
- arch dam for use at the lower dam site in Black Canyon. The final

!, comparison was therefore made between all-rock-fill dams and con-
E crete dams of the gravity type.

I: PRy 1. 8, Bursau of Biandardm, sea repart of Freb, 11, 1524
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BCK FILL

The river trench is filled with 2and, gravel, cobbles, and a few large
bowlders. 1t is essentind that a rock-fill dam of the height propostu
rest on n foundation that is at least a5 unyielding as the rack all of
whicl, the dam is built, requiring that all the trench filling down to
iwd vork nnder the entire base of the dam be removed Lefore placing
the rock fill

({1] Vel G, GT;

The end sought in the design is an impervious face supported by
construction varying wradually in flexibility from concrete to loose
rock. The face concrete is carrisd into the foundation and abutment
~ock to form a cut-off wall. It is proposed to pour the concrete
arainst the rubble masonry with vertical joints about 25 feet apart,

e horizontal steel to pass throngh the joints. The joints will allow
for some adjustment in the fill. No satisfactory detnil has been
worked out for the apparently necessary flexible joint befween the
rock sbutment and the ecnerete face of the dam. The rubble ma.
sonry would be of large rock (6 to 10 tons leid in Portland coment
mortar and chinked with spalls. This, wit';l the enncrete face, would
restlt in & comparatively thick water-tight face. Due to the jointing
in the masonry it should be somewhat more flexible than the face
conerete. The masonry is backed up by an equal thickness of 1]1?‘-
rubble of large rock which in turn is supported by the loose roc
fill. The downstream slope may be somewhat flatter than is cus-
tomary. The flatter slope, with berms 100 feet apart vertically, was
adopted to insure greater safety. In a rock-fill dam tirere 15 & ten-
dency for the rock to “ecrunch” er roll out from under the load,
and 1t is thought that the berms would guard against this to a
certain degree.

{[1] Vel. 5, E8)

In the type of dam proposed all of the rock in the structure is
effective ot its full weight in resisting the water pressure, which is
not true of a dam with core wall in its center. Upon the other
hand, a vertical core wall might be lcss affected by settlement in the
fill than conerete laid on the upstream face.

‘The only accurate measurement of settlement in a rock Gl since
construction was at Escondido Dam, where a 72-fool fill had settled
4 inches in 19 years. The fill is made of Jarge blocks of hard granite
with no fine material, and rests on granite. The upstream face was
hand laid for a thickness of & feet at top, increasing to 15 feet at
base, made tight with timber planking, Teose-rock fill was dumped
from trestles and a cableway.

{[1] Vol. 5, 58)

I has not been considered necessary to completely fill the inter-
stices in the loose-rock fill at Black Canwon. The rock would be
shaken and settled as much as possible by playing jets from hy-
draulic giants on the fill during the entire rock-placing process.
It is thought that this, her with the compacting E%Mtﬁi by
dropping the rock from cableways, would produce an excellent £
and one which would be comparatively free from excessive settlement.

2383--8. Doc, 188, 70-2—8
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C([1] Vel 5, 087T)

Consideration was given to filling the river gorge by blasting
from the canyon walls, but the idea was abandoned as impractical,
There is with such & plan & practical certainty of cxcessive seitle-
ment and a resulting menace to the safety of the dam. With a Jdam
of unprecedented high and large pondage no saving in cost should
L lttt'.rnptt*cf al the eXpense of ap :‘H}'.

[[1] Vel 5, 71

Sinece estimates indicate that rock-fill dams for Houlder Canvon
Reservoir would be more costly than conerete dams of the type pro-
posed for the same raise 1n water surface, there appeers to be no need
of ;uhj&-:t'm§ life and property below the reservoir to a risk which
ean be aveided by the adoption of the eoncrete dam proposed, and
no further details of the roci-fill dam design are submitted.

SFILLYWAY POHOVISIONS 'O ROCK-FILL DAM
(1] Vol, 5 81)

With reck-fill dams no such liberties may be taken with the dam,
and spallways of large capacity would need to be provided,

(011 Yol G 82)

For dams with small resecvoir capacity the spillway discharze
would have to be carried around the abufments in tunnels. For a
reservoir of 34,000,000 acre-foot capacity, the dam site offers an ex-
cellent opportunity for a safe and, apparently, economical spillway,
A layout of the scheme suggested, in the event the largest rock fill
were built, is shown on drawing 450438, '

Described briefly, the spillway consists of & concrete weir and seven
tunnels through the ridge to the east, emptying ints an open-cut chan-
acl excavated to what is shown as “ Spillway Wash.” From the end
of the open cut the distance down the wash to the river is about
seven-cighths mile. The wash enters the river about 135 miles below
tha dam site. Tlscharge would be controlled by seven 54 by 18 feet
steel drum gates mounted on a concrete crest into which they mey
be lowered. The discharge from each weir gate would be carried
through the rock ridge in a 40-foot conerete-lined horseshoe tunnel
to the open cut down the side wash to * Spillway Wash." The tun-
nels would average about 1,550 feet in length. “The velocity 1+ the
tunnels when carrying 300.000 second-feet of water would be a littls
:;::t::- 32 feet per second.  The open cut would not be lined with con.

([1] Vol. 5 %)

A geological study of the vicinity by H. A, C. Jenison logist
:LTnlted States (Geolopgical Survey, indicates that a large P:lgll'.?ﬂﬁu tlh;
tunnel exeavation would be in rock of poor quality, reported as
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entirely unsuitable for use in concrete by the Bureau of Standards.
It iz probable that wll of the rock sould be used in & rock-fill dam,

* however, since it would make up only a small portion of the total
rock, required to build the dam.

' Coxcaere Gravrrr Dau

- GENERAL DESITRARITITY

L ]

T'he unprecedented height of the proposed dam, roughly twice that

of any dam heretcfore built, necessitates a conservative design. The

* eoncrete gruvity dam, built of homogeneous material and depending

only on its weight to resist the water pressure, rather than uncertain

. stresses of thick arches, 15 best suited to thie condition. For enhanced

safety the dam is to be built in asch form but no dependence “is
placed on the arching for strength.

DESIGN FORMTTLAS
([1] Vol. &, &0)

 Careful comsideration was given in the design of the concrete
'ﬁ:aﬂt}rﬂlm‘fﬂ Cain's theory versus Douvier's theory for calculating
" the stresses in the concrete. Cain's theory solves for maximum
pressures perpendicular to the faces of the dam, while Bouvier's
theory solves for pressures normal to the resultant of forces.
Inves.ygstion of constructed dams by both theories showed the
following stresses with a full ressrvoir:

£l

4 ({1] Vol G, 88)
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PRESATURES ON FOUNDATIONEB

- The following notes on pressures on foundations of dams designed
or in service have been prepared by Mr. F. E. Weymouth, {ormerly
chiafl engineer, Bureau of Reclamation. = B

[
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The designs for the Exchequer, Melones, Pardec, and San Gabriel
Dama have been approved by the Federal Power Commusaon.

The Arrowrock Dam, in Idaho, was completed in 1915, and the
reservoir has been fillad every year since that date. The list shows
that the practice during the past 15 vears is to design high dams
for pressurca of 40 tons or more. None of them have shown any
damage from such pressures. ) -

The desizns of the Arrowrock, Owyhee, Exchequer, and Coolidge
Dams wore approved by Mr. A.J. Wiley, recognized by the nnéru'.li-nr-
ing profession as being the foremost authority on high-dam designs
in tﬁrr world to-day. He hes recently returned from India, where
he went to advise British enginesrs on the design of dams over 500
feet high ) )

The San Gabriel Dam, now under construction near the ety of
Los Angeles, above a densely populated ares, will be the highest
dam in the world when finished, 492.5 feet, snd requires more con-
Ci b ki proposed Doulder T _

That dam has been designed with a pressure on the {oundation
of 40.8 tons. This design was approved by J. B. Lippincott and
D). €. Henny, both of them engineers of international as well as
national reputation in connection with dam design.

It is true that thers has been a progressive increase 1n recent years
in the prassures aliowed in the concrete foundations of important
struetures, but this has not been due to a corresponding reduction in
safety requirements. It is Jue manly to improvements in quality
artd strength of concrete made posuble by progress in scientific
knowledge, and zonsequent improveinents in methods and matenials
of manufacture. Due to finer grinding, greater uniformity, and other
improvements, the quality of cement has gradually improved in tho
past 20 years. Due Lo extensive researchea by Abrams and others
in proportions and methods of mixing, and especially in the quantity
of water used, much stronger concreta can ba made with given mate-
rial* then was the practice 10 vears ago. Mathematical researches
of Cain and others ]El'ru mads computed stresses mors certain.

All this progress has been fruitful of results in rendenng posaible
the conatruction of large works both safer and cheapar than formariy.
This accounta for the recent increases in pressurea allowed by the
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most axporienced designers of high masonry damas, as shown in the
preceding tabla. ]
This action is abundantly justifiad by current tests made durng
v the progress of the work. Fer exampls, the conerets placed in the
., Pardea Dam now under construction shows erushing tests on 8-inch
rcﬂiﬂ{[ﬁrﬂ averaping over 180 tons par square [oot.

L] {[11 ¥Vol. & @8)

oIt up;i:‘ur.l: that the limiting stress of 40 tons per squarc foot 1=
* not much in excess of that established by precedent if the dams al-
I ready built are in?ﬁtl%tid by the theory wdupted for use in design.
"ing Doulder Canyon Dam. Although the concrete quantities are
. materially larger when the dan 1s designed ]:_:.-’ Cain's theory {about
- 15 per cent in case of the larrest Boulder Canyvon Dam) it 18 be-

lieved that it gives more correct stresses and a section shaped to

better withstand the stresses.
" The plate just preceding (45-C—478) shows by comparison the
- dum shapes best adapted to meet the stresses under the Cain and
F RBouvier theories and also shows the computed stresses under the two
theonriez for the section indicated.

It will e noted that Cain's theory pives stressea much higher
“than I3ouvier's theory, the stress at the too reaching a maximum of
f 2.6 tans per square foot by the former theory,

{

([1] Vel B 61)

+ The following assumptions nre common to all sections designed.

ta) Welght of concrete, 100 pounds per culrbe foof,
« () Welght of sllt, 100 pounds per cable foot,
¥ [2) Horizontal thrust cnused by silt equivalent to that produced by a fluld,
Hke water, weighing 80 npounda per cuble foot
{d) Marimum high water surface at top of teadwar,
= (@) Vertical welght of water or st on gloping faces of dam [ncluded in
eumimation of vertical loads.

S Uplift oo Jolats below low water suriace doe 1o foll hydrostatle Dressore
‘_‘lt ups ream And downsiream faces over two-thirds the area of jolnt, and on
Ljolote mbove low watler sarfeace due to foll hydsostatis pressure at upatre=m
E'ilﬂ decreasing wniformly to zero at the downstream face over two-thirc!
~narea of joint
f-- {g) Hoerleontal thrust comsldered an belng takem by gravlty action alose, no

‘altownance belog made for elther horlzontal or rertical arching.
¥ (h) Effect of curvatore in reduocing the length of sectlon op ~ulmbed st the

‘doworircam face neglected.

i' (1) Mo tenslén gholl exist at any polnt -
e df) Maximum stress with reservolr flled with water aoalrzed by Caln's
rr, 40 téos per sqoare foot (555 pounds per sguars Ioch).

# At the time the designs wera preparsd the Dureau of Standards
had not completed the concrete tests on Hemenway gravel, and it
Ewas necessary to estimate the weipht for design purposes. The
Cweight of 143 pounds per cubic foot will affect a small reduction in

+ the roquired dam section.

3.

”' ASSTUMPTIONS ON DOTLDER CANYON DESIGN

F Refer:nnt is made to the assumptions appearing on pages 54 and

L55. No cxplanation will be necessary of assumptions A to E, in-
clusive, the intent of which iz clear.

L T T
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As o assumption F the intent is that Er_tﬂure at sither end of
the dam will be that corresponding to the height of the water above
that point with water at the top of the dam at the upper end and at
the low-water level at the lower end. This pressure Las I::-r:entﬁm-
sumed to be efective over two-thirds of the area, the other one-third
nf the nrea distributed uniformly from one end to the other of the
dam, which is assumed adequate(y drained to prevent the formation
of pressures over one-third of its area. . o

With rega=d to assumption G, the meaning of this is no doubt
clear. but further attention on the assumption chould be gZiven to
the discussion following the “Ii-IIlMHnn of assumption G.

With regard to sssumption H, it appears lhul Lhe slresses were
computed by assuming & slice through the dam from front to back
face | foot in thickness: that is, 1 foot thick between pgﬂd]el planes
through the section of the dam. This amounts to assuming a gravit
dam with a straight plan instead of an arched plan and with suc
A struight plan the pressure of 40 tons per square foot would be
attained. In fact, however, the plan of the dam being an arch, the
stresses should enter and leave the dam on radial lines with the re-
sult that the stresses entering the dam at the upper end over a width
of 1 foot or more wonld be concentrated in the lower end of the dam
over a width materially less, the concentraticn depending on the
shortening of the radius. Offsetting this tendency toward :nereass
in stresses there is a shifting of the center of gravity toward the
upstream toe by reason of greater thickness at that point. If we now
assume that all stresses of the arched dam are carried by gravity
only then the maximu.n stress st the downstream toe, as computed
by Mr. B. F. Jakobsen who is associated with Mr. LaRue, at 65.10
tons per square foot at the toe, in a memorandum submitted to the
Ceolorado River Commission of Arizona. Our engineers have made
a similar computlation and found a stress of 68.3 tons per square foot
under the same conditions. It should be borne in mind, however, that
this result could only be obtained if arch action were entirely de-
stroved. It is the belief of the bureau engineers, basad upon the re-
sults of careful analyses of other dams that the fears entertainad
by Mr. .Tnkobeen regarding the ineffectiveness of arch action ars
largsly without foundation.

The Weymonth design is not considered as final but was selectad
from experience s representing sufficient yardage for a finel design
in which the question of stresses could g! more fully considersd.
For this resson it is believed that further discussion of the stresses
in the Weymouth section is not warranted, but that the quantity of
concrete represented by this section is adequate for a design which
will meet all reasonable requirements in the final design.

([1] Vel 5, a4)

Vv ith reference Lo assumption (f), although uplift is recognized in
the design, precaution against its occurrence is taken by an cxtensive
system of foundation timuhng and drainage of both the foundation
and the dam itself, with resul increase in dam

With reference to assumption (&), although investigations indicate
that the stress at the toe, reservoir full, is materialiy increased by this
reduction of length :f the dam is considered as resisting the pressure
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by gravity action alone, it is probable that the arch form adds
SecUTILY in even greater proportion since the stress can not exist with-
out first developing both horizontal and vertical arch action.

In the event silt accumulates in the reservoir ta the top of ihe
dam (an event quite unlikely by reason of upstream starage develop-
ment ), the ft:rLI!Ehtiun pressure will be increased matarially over that
produced by water alone. The resultant of pressures, however, will
remain within the middle third of the base at all heights and the
sliding coeflicient will be less than that required to satisfy uplift
AsEUMLions.

Silt and uplills are not sssumed to aet at the same time,

In the design of the dam a section 1 foot long was ageumed. for the
highest portion of the dam. : )

RESTLTING ATREBAFS

The «stresses for the adopted dam section for the reservoir of
84,000,000 acre-feet capacity are shown on the print opposite
;iﬁ—-ﬂ-—'l-m:l. For this and other dame the computed etresses are as

ollows:
(1] Vol. G. a5-88)

-
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The section chosen for investigation is the maximum that conld
Lxiet ot (e lower dam site in Black Canyon assuming that bed rock
in the narrow trench is level.

- L : ' (111 Vel 5 o)

“As a_matter of fact, at the upstream heel of the dam the rock is
14 fret Ligher than at the downstream toe.

Over the preater part of the foundation area the rock is 2t about
elevation GO0, 80 feet above the lowest point of rock at the down-
stream toe of the dam.  Thus, there is only n» very small portion of
the dam that is ns high as assumed and if the foundation were as.
sumed as being at elevation 600 the maximum dezigned stress for the
highest dam would not be in excess of about 6.7 tons at the down-
stream side and it is believed that this stress could be reduced to 35
tons without adding concrete by changing the ghape of the down.
stream face slightly, Certainly, the londs would be distributed to
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the side benehes in the river Jinnnel in sue’t 4 way as to relieve the
ligher stresees at the toe nt the deepest point _i:n th: narrow Lrench.
]iethermore, with additional work on the desizm then is warranted
ir. the preliminary design, the Aress could undoubtedly be made to
incrense nmiformly townrd the bottom rather than as shown on the
stress dingram,  The comparatively lish stress ab the upstream beel
with reservoir empty is not of much importance since the reservolr
can never be empty—at least not Lelow river level and probably not

below the lower set of permaarnt vutlets,

CfRe strossos aue to stltoare higier than those doe to water I-]FT-L&
However, the assumption that the reservoir will at some t:me he II.“.I:!-Z]
to the top with silt is r: 'her extreme and it is questionable if the it
deposit will not relieve the pressures rather than ‘nerease them.
Anthorities de not agres upon Lhis paint and experiments are not
CONCIUS Ye.

([1] Vel b, 87)

As indicated on the stress diagram a study was made of the effect
of varying the top width of the dam. Reducing the width from 50
to 28 fect did not result in apprecinble saving in conerete and for a
dam of the size proposed the wider top is believed to be more in
keeping with other dimensions.

([1] Vved, 5, 72)

A design and estimate was prepared of a dam at the lower dam site
in Black Canyon to develop a maximuin pressure of 30 tons per
square foot by Cain’s theory. The concrete required to build such a
dam would be about 25 per eent in excess of that for a pressure of 10
tons per square foot, and the total estimated cost about 12 per cent
more. It might be possible to reduce the pressures and the cost of
the dam through the use of some sort of hollow or perforated con-
struction instead of following the muti&arnﬂift in designing gravity
dmms, but 1t 18 questioneble iFtr.y “ freak desipn ™ would be approved
where the integrity of the structure is of such great importance.

DESIONS

A preliminary design of a concrete pravity dam to store 20,066,000
ncra-feet is shown on 45-D-558. Preliminary designs of concreta
gravity dams and estimates for reservoirs of 34,000,000, 20,000,000,
and 10,000,000 acre-feet were also made.

In all cases the estimates assume that it will be necessary to remove
foundation and abutmenot rock to a depth of 10 feet to secure nbso-
lutely round rock. It is proposed that each dam be built on a ecurve
to best fit the dam site. The radius of curvature is indicated on
the desioms.

The proposed layvout at the dam site is shown on 45-C-4530. If
the power house wers moved upsteeam to shorten the pressure tun-
nels its cost would be materially increased, and it would be located st
the base of the very steep canyon wall where rocks falling from
above might damage the machinery as well as the building. It was
also found that the saving in cost of the tunnels by moving the dam
downstrenm did not offset the increased cost of I.i:n dam due to :ts
greater volume.
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OUTLET Wi{EREKSR e
(1] Wol, 8 T4)

Balanced T2-inch needle valves were adopted because—

First. They are particularly adepted to working under high heads.

Becond. The discherge is into open air, which avoids difficulties
arising through the creation of vacuum around the contracted jet.

Third. The energy of the jet is destroyed in the river channel
where no damage ean result,

Fourth, Regardless of the stage of water in the resarvoir the valves
are under obeervation and may be repaired or repleced at any time.

The valve conduits arc to be lined with scmistee] to prevent the
water in the conduits from exerting uplift within the dam to trans-
mit the compressive forces in the dam and to resist the wear and tear
of silt which will in time b= carriad through the dam.

([1] ¥ol. 5. 70)

Each conduit is provided with a 5 by 9 foot hydraulic-operated
emergency slide gate near the upstream end oprrated from o gallery
in the dam.

Trazh racks have heen provided on the upstream face of the dam
with provision for mechanical raking.

The trash rack piers contain two grooves to guide bulkheads to
position 1 ocase it mes necessary to do some repair work in the
condu't upstream from the emergency gate before the water in the
reservoir 13 drawn down., A traveling crane on top of the dam will
handle needls valves, trash racks, and bulkheads.

The maximum irrigation demand is assumed as 30,000 second-fest.
Capacity curves, velocity curves, and working heads are shown upon
the drawings. In case of the dam to store 20,000,000 acre-feet, the
outlet works will operate as follows:

(17 ¥ed, 5, T7)

(2] The lower set of valves begin discharging with 2,000,000 acre-
feet in the reservoir,

(b} With 5700,000 acre-feet in the reservoir the discharge is
30,000 second - feet,

{¢) The upper set begins discharging at the time the lower set is
carrying 26 000 second-{est.

{3;“'?:!1: upper set with full reservoir will discharge 38 000 second-
feet under & head of 200 feet,

(e} Both sets will discherge 85,000 second-feet with water surface
standing at top of parapets. Maximum head 315 feet,

In the estimates it has been assumed that all needle valves for any
one dam are of the same design, although the heads on the two tiers
are different in order that they may be interchangeable in an
EINEEEnCy.

The only excuse for operating valves in the higher dam under heads
greater than 275 feet would be:

(@) It might be desired to discharge the 40000 second-feet flood-
control water before the water surface in the reservoir reached the
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bottem of the 5,000,(H) acre-foot flood-control storage reserve, In
which case the lower set woull be required to operate under a head
of 365 feet. With water surface above this level the upper valves
alone would pass the 40,000 second-fect,

(&) At very long mntervals of time it mizht be necessary to operate
the lower set of valves under heads as great as 415 feet to prevent
water overtopping the parapets on the L?lm. Even this head 1s not
considered excessive for emergency use during & short period.

([1] Yol. 6, ™®)

The outlets at river level are not a part of the permanent outlet
works as they are to be * plugred " when their usefulness has censed.
Their furction 1s to carry the low-water flow of the river during the
time the diversion tunnels are being closed and until the water surface
0 the reservoir 1s rnised to the lower set of valves.

In the event a power hiouse is built as a part of the development a
Inrge {mrt of the irrigation requirement, nnd ot times all of it, would
pass through the power house thus relieving the outlet works. With
the outlets pmviglmi it is possible that overtopping may oceur at
vory long intervals—perhaps once in 500 vears :E it 1= attempted to
rontrol the flood to 40000 second-foet. dterldpping could be pre-
vented by opening the gates to discharge at the rate of about 80,000
second-Teel at o time when 1t becomes evident that overtopping would
otherwise occur.

APILLYWAY
([1] Vol. 5, 80

_Studies, of warious types of spillways were made. In one the
drecharge wasecarried downward into the tunnels used for diverting
the river doring construction of the dam. In another the discharge
was carried at high veloeity in large tunmels through the point of
rocl on the Arizona side and rJrc-ppeﬁane:- the ¢liff downstream from
fhe dam. In wsnother the discharge was carried at comparatively
slow veloeity through the ridge east of the dam site and dropped
tlnt::: n wash, entering the river about 114 miles by river below the
aam site. '

In the ease of the conerete dams the plan of carrying the abnor-
mal floods occurring at very long i.murn{; over the dam was adopted
as heing both the most sconemical and the safest manner in which
to handle the discharge.  As indicated on one of the stress diagrams
the dams have been designed to pass water over the central portion
with woter surface in the reservair standing 21 feet above the road-
way with the resultant of forces falling within the middle third of
the critical joint.

Tu keep the possible overflow from striking the abutments of the
dam the latter has been rrised at each end 25 feet above the roadway.

The flow will be nt right angles ta the crest toward the center of
survature,  Any overtopping would be of short duration and the
only damege anticipated would be the possible breaking off of the
parapets.  This, however, might result in & sudden inerease in flow
downstream.
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CoxsmROCroN Prax
DIVENEION WORKS
{11] Vol. G, 54}

(See drawing 45-C—456.) In designing the propoesed diversion
works the flow of the Colorado River at Yuma between the Fears
1902 and 19238 was used as a basis for calculating prebable dicharges
al Boulder or Black Canyon. _

The relative ?ﬁlk discharge at points widely =eparnted on the river
depends upon the magnitude and duration of the flood. Large floods
build up more gradually and are * ironed out "' by the effect of chan-
nel storage proportionally less than are the “ flashy floods ™ originat-
ing in streams ?i]m the San Juan, Little Colorado and Virgin, The
impending danger of losing cofferdams will be due tu flashy
flonds which are apt to oaceur at any time during the workiny season.

([1] Yol G. B3}

A< an example of the absorbing power of the river channe] the
flood of October, 1911, is cited. The discharge at Yuma suddenly
rose from 8,000 to £0,000 second-feet, 2,000 second-feet of which came
from the Gila and the remainder principally from the San Juan and
Diolores Rivers., At Ship Rock, N Mex. (about 325 miles above Lees
Ferry), the discharge of the San Juan River was estimated to be
150,000 second-feet. (Water supply Paper No. 309, p. 246.) Asmm-
g that the San Juan and Dolores peaks did not eoincide this peak
.r]i':.-*:]l:u,r'gq: af 150,000 escond-fest diminizshed to 58,000 sacond-fest
at Yuma or at the average rate of about 100 second-feet per mile.
Upon this basis the discharge at Lees Ferry is assumed to have been
about 117,000 second.-fest and at Boulder Canyon abeut 90,000
second-feet.

{[1] ¥al. 5, 88}

Drawing 45-0-303 shows the working periods permitted by the
river when discharging 25,000, 35,000, 50,000, and 75,000 second-feet,
assurring that these discharges represent tla capacity of the tempo-
rary diversion werks. The discharges exceaded 75,000 second-feet
a totel of nine times in the 19 seasons after work would probably
have been started. The {lood of September, 1923, which is estimated
to have been close to 100,000 second-feet at Houlder Canyon, would
also have overtopped the cofferdams. Omnly four of these overtop-
pings would have been serious, since in other instances work wouﬂ‘l
nﬂtfh_liﬂ been far advaneced. The serions floods would have occurred
ag follows:

October, 1911, estimated peak, 52,000; work advanced 214 months

March, 19106, estimated , 88,000;: work advenced 83§ months,

February, 1930, estimat dpu.k 98,000 ; work sdvanced 73 months.

September, 1023, estimated peak, 100,000 ; work advanced 2 months,

In the season 1#00-10 conditions were extremely severe, and even
with diversion works of 75,000 second-feet capacity only T4 months
would have been available for completing the season’s work.

The appreciably longer working season and lessened danger from
overtopping justifies the construction of temporary diversion woris
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i j ) : ine loas Terdam
havine n eapacity of 100,000 second-foet since the loss nf n cofler
::J'tr:- thn rrtfu'l-: ::r:u well under way would undonbtedly defer the
completion of the storage dam at least a year.

{[1! Voi. 5 97}

Temporary dive: sion of 100,000 second-feet is nccomplished by
means of three concrete-lined tunnels at 130-foot centers on the
Nevadn side of the river, amd rock-sarth fill cofferdams, the tunnels
to he later used for power development.

Estimates of tunnels of varying size and the necessary cofferdams
for cach size indicated that a combination utilizing 33-foot dinmeter
tunnele was the most economical, but sines tunnels 35 feet in dia-
meter were best suited to the requirements of power development
this size was adopted at very little greater cost. The largest tunnels
justified by other conditions are desirable to eflectively piss the
arme quantities of drift and débris cartied by the Colorado River.
‘That portion of the tunnels used later for power purposes is lined
with 1:2:4 conerete with an average thickness of 30 inches. It s
propgsed to grout between the concrete and rocl wnder n pressuce
L]:gﬁ]‘;rzin exee:s of the pressure to which the tunnels will be sub-
jected In cperation as penstocks. o

The report of the Colorado River board recommended diversion
tunnels with a capacity of 200000 second-feet ipstead of 100,000
second-feet as recommended by the Bureau of Reclamation, there-
fore the excavation and concrete required for this unit of the project
would be practically twice that mentioned above for this item.

L

([1] Vel B, BE)

The portions of the tunnels not used as penstocks are Lined with
1:2% 0 concrete having an average thickness of 1B inches, the least
thought to be practicable. High rock points would be permiited
to extend 1o within 6 inches of the face of the concrete,

Although horseshoe tunnels would be more easily dug, on account
of the flatter bottom, circular tunnels were adopted for the reason that
they are better pdapted to distributing uniformly the great pressures
tc which they will be subjected under full reservoir head.

([1] Vel o,

It is proposed to drive and line all tunnels complete before the
rock-fill cofferdams are started. All tunnels may b driven simnl-
taneously from both ends, the muck being removed through * muck

® at each end, constructed on a grade of about 5 per cent

-

tunorels '

from the invert of the large tunnels to & point above high water,
The muck tunnels, crossing all diversion tunnels below low-water
surface in the river and with exits above high water, would permit
the driving of the diversion tunnels regurdless of the stage of the
river. The inlet and outlet ends of the diversion tunnels will have
to be comnpleted behind eofferdams during low water.

It is proposed to use rock-fill cofferdams to turn the river, as they
appear to be the most practicable type for the situation, having been
suecessfully nsed at other points con the river and exclusively in
Jrecent years in cloging breaks on the lower river. )
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T'est holes were put down on the sites of the temporary cofferdama,
the location of the lines drilled being based upon the assumption
that = colation factor of & would be sufficient for the gravelly
material in the river bed below the fine gand. The results of the
investigations are shown in the drilling logs, lines 77940 and D1000,

In order to insure the safety of the rock fill cofferdams, they must
rest upon a better foundation than is offered by the sand and silt in
the river bed. It is believed that preat floods scour out the channal
hlling clear to bedrock while ordinary floods probably scour out
the sand and silt down to the more stable gravel and bowlders.

([1] ¥Vol. B 91)

It is proposed to start dumping large rock obtained from the can-
von walls at the cofferdam sites from cableways spanning the site
as =oon as the flood begins to recede in July, the ifi?eraiﬂ-ﬂ tunnels
having been completed before the spring flood. It is assumed that
at this time the river channel will be scoured out to at least eleva-
tion 520, perhaps deeper under the lower cofferdam. The first rocks
dropped would be ae large as it s practicablo to handle. Some of
these rocks would be carmed downstream bevond the limits of the

ccofferdam section, but at some stage a part of them would begin to

“hang " within the section. At this point smaller rock would be
dmpg-ed simultanecusly which would be caught by the larger rocks
and held in the interstices. As the flood receded more rocks would
stay in place. The estimates assume that 25 par cent of the rock
aropped will be carried away. During the roc Fll::i.ug process the
diversion tunnels would be discharging at full capacity, and to
reduce the head on the cofferdams these would be built simultane
ously, the lower one being kept half as high as the upper ona.

([1] Vol. 5, 92)

Due to the velocity of the overflowing water, the lower side of
the rock fill may take a slope as flat as 1 on 4 or 5 and by the time
the rock fill is raised sufficiently high to turn the entire flow through
the tunnels, & blanket of sand and silt will, no doubt, ha-u dsi}crsit&i
on the upper slope to approximately normal river bed level. Ex-
periments at Boulder Canyon have demonstrated this material to be
very tight is undisturbed. Above the top of the sand, and to the
top of the rock fill, an earth blanket will be placed on the water side,
material for which may be obtained i1n Hemenway Wash.

For additional safety the channel excavation for the main dam
not suitable for making concrete may be dumped on the water side
of the cofferdams.

The arguments in favor of using rock-fill cofferdams constructed

as proposed, are as follows:
{[1] Wel. & B2)

{a) The process and necessary nquipment is not complicated.

(&) If the fill is placed during the recrssion of the gm:-d., the rock
will be deposited on & bottom as established by the flood which is
unquestionably much more stable than the normal river bed at low

water.
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([1] ¥al. & 02)

(e} A fill bmilt as here planned will ‘effect o saving of time of
approximately two months for other work since if built from trestles,
or if & ype is built requiting caissons, pales, eribs, etc., construetion
enuld not be vndertaken until about the L=t of September or until the
return of low water in the river. )

() The rock-fill type placed by cablewnys is particularly adapted
to fighting floods. Any type requiring the building of trestles neross
the river would be iIn imminent danger of beingz L'lrt-lf.t‘n_}'!-.ﬂ: hjl' the
flash floads which may occur at any time,  Loss of a cofferdam dur-
g ats construction might result in o year's delay in completing thea

matn dam.
{[1] ¥ol. & 233

(e) 11 the rock fill were built at low water stage, its foundation
would be such that a blowout of the sand on which it rested would
be apt to oceur under the head to which it would be subjected.

(f) With the cableways left in place over tha erest of the coffer-
dan it could be raised rapidly if endangered by flood and if the rock
fill is partially or entirely lost, it could be replaced without having
ta wuil to rebnnild tresties, drive piles, ete.

Behind the temporary cofferdams it is propesed to build por-
tions af ithe upstream and dewnstream faces of the dam to the
elzht necessary to permanently divert the river. The work to be
accomplished in bringing the whole dam up to the elevation of the
river would be entirely too great to be accomplished between seasonnl
flnods. With the river permanentlvy diverted, excavation of the
foundation and pourine of the concrete bhetween the permanent
cofferdams could procsed without undue haste.

(111 Yol 5 )

Permanent cofferdams to force 200000 second-feet through the
diversion tunnels were siven consideration bul the desirn was not
considered practicable and, moreover, & flood of that proportion has
only oecurred once in the 20 years of record—in 1921 —when the
discharge at Yuma was about 185,000 second-feet, estimated to have
been about 200,000 second-feet at Boulder Canvon' The design
proposed for adoption 1s shown on 45-C—456. For the permanert
cofferdams the diversion capacity is caleulated to be 135,004 second-
feet in case of the long tunnels discharging below the power house
and 154000 sccond-feet if the shorter tunnels are used—sufficient
te pass ordinary floods. The cofferdams might be overstopped in
a high year, but no damnge could result heyond filling the hola with
sand, or poesibly sand and gravel,

Iiy 11-.1|'urer.-:r to the drilling data, it will be noted that under the
[;I!":'p-l:-.‘-‘f!t- uppEr permanent cofferdam a bench at elevation 600 {45

eet below low-water surface) flanks the deep river trench on both
sides. It is proposed to first build a portion of the gravity section
at the upstream side of the dam on each bench. leaving a gap about

"To 1820 the dwchn
mum 1971-1928 mpprox :_'{:;:“]“ﬁ?;}f:{mr;;l:.ﬂn abisut I00,000 second fest. Laxi
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180 feot wide over the deep trench. The rock excavation on tho
benches would be under way while the loose material in the deep
irench was being excavated and the pouring of concrete would be
started at the rarhest possible moment.

([1] ¥ol. G 85)

In order to reduce the immediately needed excavation and concrete
quantities across the deep trench to a minimum, a thin arch with short
radius hus been designed for the cofferdam. The gravity sections
have suffcient section ta krep the tangential thrust of the arch well
within the section. Doth the gravity snd arch scctions would be
stepped and dovetailed on the down-stream side and steel bars, or
rails, weuld be left projecting to secure o good bend with the conerete

to be Inter sdded.
(11] Vel 5 ™)

‘I'he lower permanent cofferdam is designed as a gravity dam to take
water prossure from either side. Its construction would be carried
on simultanenusly with that of the upper cofferdam. The problem
lere is less diflicult and there is Jess conerete to be placed.  There ia
a possibility that the lower permanent cofferdam may not be needed
depending on conditions found when the dam site i< unwatered. it
the leakage through the rock-fill cofferdam and the underlying gravel
and bowlders can be handled at a reasonable expense and 1t appesr=
feasible to complete the permanent upper coflerdam on schedule, then
the temporary lower rock fill could be raised to the necessary eleva-
tion to avoul overtopping by the spring flood, and the permanent
cofferdam dispensed with. Un the other hand, if the permanent
upper cofferdam can only be completed to river grade, or a little
shove, 1t would be better to build the permanent lower }'ﬂqﬂdlm
than to take a chance of losing the lower rock-fill dam during the
flond.  Sinee the additional expense of building the permanent lower
enflerdam iz small, it is probable that it shouid be built. The ounld
ohjrction to it is the fact that it introduces what may be conside
a line of weakness in the completed dam where the stresses are hizh.
However, in the design, an effort has been made ta mimimize thas
fault by making the general direction of the joint normal to the
direction of pressures. The upstream face would be dovetailed and
steel “ spuds " would be left projecting as in casc of the upper dam.

The critical time in the construction period is that during which
the permanent cofferdams are being banlt. It will, in an ordinary
season, be necessary, in about eight or nine months' time, to baild the
rock-fill ebfferdams, excavete the river channel filling and rock under
the cofferdams, and place the concrete to at least low-water surface.
‘I'he cut-offl trench in the foundation has been placed just downstream
from the permanent upper cofferdam as a timesaver, as with the
trench at the upstream heel of the dam, construction of the permanent
coflerdam would be deluyed awaiting completion of the trench exca-
vation,

{11 Veol. 5. 97)

When it is desired to begin sioting watet-in-the-reservoir the
diversion tunnels will be plugged near the reservoir end with con.
263838 Doc. 186, T0-2—0
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erete amd the river discharge carried by the c‘nur!hil'.rhthfm]:_fh the
concrete dams at about river grade. After the tunnel plugs hinve
been placed the lower tier of outlets without mates will be plumgeed
with conerete beliind a ball to be placed at the qu*rﬂnm el _lﬂd‘n
low cofferdam built on the daw at the lower end; the water in 1he
meantime being controlled by the outlets provided with gates. After
water level reaches the hisher valves the conduits at river level are
to be permanently ]:I].Ir;:g!‘fi with concrete.

CoxstrrctioN Rainroan
i RO TDOFN CANTON
({11 ¥el. 5. 0

Boulder Canyon may be reached by three railroad routes, ench of
which is considered fensible. ) I

(it} From Dyke, on the Los Angeles & Salt Lake Railvoad, 13 miles
northenst of Las Vegas, Nev,, distance nbout 40 miles. _

() From Overton, Nev., on Los Angzles and Salt Lake Railread,
distance about 42 miles.

(¢) From Mineral, Ariz., on the Santa T'e Railioad, distancc rbout
2 miles. -

In March, 1921, Mr. J. P. Mack, of the Union Pacific system, made
a reconnaissance of the routes from Dyke and Overton to the upper
end of Boulder Canyon,

A line from Owerton to the dam site would require comparatively
heavy construction with grades southbound of about 2 per ecent and
northbound 4 pec cent and with maximum corvature of about 14°,
About & miles from the river ig the lnst divide, at elevation 2200,
from which the fall iz very rapid to river. The cost of this line 1s
estimated at $1,750, KK

In 171, Mr. Woodbury Howe, locating engincer for the Atchison,
Topekn & Santa Fe Hailroad, made a reconnaissance of a route from
Mineral, Ariz., to the upper end of Boulder Canyon which indieated
that n raillroad {from the south would be {easible with a 2 per cent
grade. The cost i= estimated at $1,673,000.

TO BLACK CANTON
([1]1 Vel & 102)
Black Canvon may be reached by two railrond routes, either of

which is considered feasible.

a) From Las Vegas, Nev, on the main line of the Los Angeles
-..‘-'c_i.-nlt Lake Railroad (Union Pacific eystem). Distance about 30
miles.

(&) From Searchlight, Nev., the end of n branch of the Atchison,
Topeka & Santa Fe Railroad, which leaves the main line at Goffs,
Crlif.; distance about 458 miles.

{NoTe-—~Santa Fe branch line from Goffs to Searchlight has bean
dismantled since the Weymouth report was writter.)

The tilE‘]‘IIII.EE locations are shown on drawing 45-C—450.
T‘hf. only EWitable site at the dem site for the construction camp,
machine shops, railroad terminals, etc., is above the flow line of the
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reservoir at the west pred of the dam. on the Nevmlda side of the
FIVer. _

There 1= only one fensible ronte ta the dam =ite for & raileond
througzh the rough hills acjacent to the river =0 no matter whether
the railroad is built from Las Vepas or Searchlight, the last 3% or 4
miles will e over the same ronte.

A raileoadd from Las Vegns could rench the dam site by either of
fawrs roanlow —ar lown Tag "ir'r*;"l_-: Wash andd |,||nr|_|'_|:' the fonthills [':'H'ir_ﬁ
clevation 1250 distunee about 49 miles: amd the other over what is
knowr as Railrond Pass, distance shout 30 miles, While the latter
1= the <horter the grades would be heavier.

([1] Wol 5 1iM}

The last 315 miles through the hills from Hemenway Wash to the
dam site will require heavy construction, and considerable additional
expense will be needed to secure a complete terminal at or near the
dam eite. The cost of this terminel will depend largely upon where
concrete agerregate for the construction of the dam 1z obtained. [f
the aggregate 15 hauled over the railroad, mo-e railroad facilities
will, of course, be required than if erushed roeck is used from the
cliffs at the dam site. A deposit of sand and gravel has been de-
veloped in Hemenway Wash at the point where the railroad enters
the ET Is. The deposit contains sufficient material for the constrie.
tion of the dam, and appurtenant struetures and will undoubtedly
be used, since preliminary tests have shown it to be suitable, and since
its use will prove mare stonomical than crushed aggregate.

In order to ascertain the feasibility and cost of & railroad Trom the
cravel pit to the dam site, a preliminary location survey was iada
by the Rureau of Heilamation. The reésulting alignment and pro-
file is chown on drawing 450415,

(17 %¥ol. 5 1007

A lovel pisce of ground about 1 mile from the dam site has been uti-
lized for a terminal or switch yard, where provision is made for han-
dling the heavy trafic which would resnlt from hau ling concrete agpero.
gate in addition to other freight. From the gravel pit to the switch
yards the grade is down hill with the axception of a shert piece of
track near the grevel pit which has a grade against loaded trains
of 2.0 per cent. One 800-foot tunnel w required. More diffieult
country is encountered from the switch yard to the dam site. Hera
the line is on & down grade except along the cliffs at the dam site,
wihere, for safety, the track is made level. The maximum grade is
5.63 per cent, which may make the use of geared locomotives below
the switch yards necessary. At the bottom of this heavy grade a
“eradle track™ is provi for stopping runaway eare. At the
dam site a loop track is shown which would simplify the operation
1 gravel traing over the concrete mixing plant. The construction
of this loop requires a 430-foot tunnel, lﬁ the expense might not be
warranted since trains could be backed out with little Inconvenience,

The estimated cost of the railroad, inc!udiug terminals, spurs, and
necessary track, upon the assumption that concrete ageregate will he
hauled to the dam site from the pravel pit in Z{emenway Wash is
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ineluded with the cstimated cost of Boulder Canyon Leservoir. The
extimntes ussume a standard-gange railroad using 95-pound steel.
Although no reconnaissance of a railroad from Las Veras to the
dam sife was made, it 35 believed that the cost would be about the
same As that for a line from Searchlight. -
The distances from San Bernardino, Calif., to the dam site via

Las Veras would be 301 miles,
CONFTRUCTION ILAN
{[1] Yol 6. 107)

It is assumed that alkconstruction machinery at the dam site will
be electrically operated. Due to the magnitude of the work it is
gssuined that the construction railroad to the dam site and the plant
foe furnishing power will be built before work ro the dam site 15
undertaken, the latter sither at Las Vegas or the dam site, depending
upon whether it would be more economica’ to transport fuel or
transmit power. During the construction o. the ratlroad and power

lant & construction eamp wotad ba bnilt at the dam =ite, inciuding
wousing facilivies, shopo, water supply, ete. _

Alter making detm]ed studies of viarions construction plants it
appuars that a cablewsy plant is best adapted for use at the propased
dam site. The cableways would span the eanyon In positions Lo
handle both the excavation and concrete. Cableways used to build
the rock-fill cofferdams would, after their completion, be moved to
new positions over the main dam. Nine cableways arve proposed,
excch capable of handling o 12-ton vock or five cubie yards of conerete
eah trip.

([11 Voi. 5, 108, 204)

The first work to be done is the driving of the three diversion tun-
nels, involving about 15,500 linear feet of 38 to 40 feet diameter
tunnel and lining them with concrete, Electric shovels and muck
trains would probably be used, the shovels digging themselves in at
both ends of each tunnel threugh the muck tunnel described under
the heading “ Diversion works,” with its portal above high-water
surface. The larpe tunnels would not be hIlm“n through " at either
end until the eonerete lining had been completed, since otherwise
work could not be earried on during high water. Excavation would
be started during low water so that the six shovels could be taken
to the tunnel portals on barges. To get the shovels from the rail-
road at elevation 1,375 to the barges, eableways Nos. 1 and 2 would
be used. These two cableways and the rmilread trestle under them
would be the first squipment installed at the dam site, The longest
tunnel has a length of 5700 feet. If it is assumed that work would
be carried three shifts per day for mx days a weck, with an l-‘l’Er'ltﬁe
daily progress of 15 linear feet, it would require about 15 months
to complete the excavation. Concrete lining would follow the exca-
vation closely, Therefore if work were started in December it
should be complated by the middle of the second March. prior to
the beginning of the spring flood. Upoen completion of the diversion
tunnels the shovels would be moved to the rock quarries to furnish
rock for the tempaorary cofferdams.
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During construction of the diversion tunnels the camp would huva
heen completed ; three cableways would have been erscted over vach
rock-fill cofferdam; cableway Noo ® would have been erected over
the lower permanent cofferdam; and the quarries above the rock.fill
cotferdams would have been opened up.  Diversion capacity has been
enlarged from 100000 to 200,000 second-feet, in accordance with
spreial engineering board’s report.

(11 ¥el, 5 110)

A8 stated under © Diversion works," the rock-fill coflerdams wonuld
be started as soon as the flood bogan to recede, Prub&h[jf i July.
The upper eofferdam is muech the larger and would take the longer
time in building, requiring 620,000 cubic yurds of loose rock, inclid-
ing the 25 per cent assumed to be swept away, The material will be
handled in 8 by 214 foot steel tkips, the londed skips weighing from
® to 814 tons. The skips would be filled by the electrie shovels, with
some hand work, and taken to the eablewnys on flat cars. The shﬁ)‘
would be dumped automatically without lowering down into the
canyon, permitting high speed and large output, The URTLY cqujg;
ment to maintain the pace set by the cableways wuu!?l have to
efficient. Work would be carried on three shifts per day without
mnterruption, at least vntil the river had been turned. The crest of
the fill would be kept level in order to aveid a concentrated flow at
any one point,  Allowing 30 seconds for “ hooking ™ each successive
skap, each eableway should average 30 trips per hour. On similar
work these skips averaged 4.2 cubic vards of loose material per
loacd. Assuming this as = basis of computations each cubleway would
handle 120 ;Lfl.rdgs per hour or 3,100 vards per dav. Three l.“,:l.{!l:'ﬁ'ﬂj'ﬁ
would place about 0.000 yards per Ja::, and it would require 69 daye
to complete the cofferdam or conservatively three months. By the
mitlidle of Cetober therefore the rock 611 should be completed,  The
fill would be made water-tight by placing sand and gravel from
Hemenway Wash on the upstream’ face,

The river should be turned at least by the middle of September, at
which time the fill then in place could be made water-tight sn thet
unwatering of the dam site could be started. The lower cofferdam
wotld have been completed and cableways Nos, 7 and 8 moved to
positions 7B and SB aver the lower permanent cofferdam. As soon
RE the site was unwatered, excavation of the river bed would be
started at hoth permanent cofferdams—probably about Oetober 1.

([1) Vel 0 1113

The loose excavation for the lower permanent cofferdam 15 the
greater and amounts to 343,000 cubic yards. However, the time ela-
ment is more important in case of the upper permanent cofferdam
where there are 188,000 cubie yards to be removed. By October 1,
cableway No. 3 conld have been moved to position 3B leaving No. 4A
and 5A to finish the upper rock fill cofferdam. There would thus be
three cableways commanding each permanent cofferdam site,

Electric shovels or dragline excavators would bs used in the hole
to load the same skips that were used in building the rock-fill coffer-
dams. The skips would average 4.3 yards per trip. Allowing 30
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seconds Tor “hooking,” cach cableway could make 13 trips per hour,
lifting out of the h{l:ﬁ(l: and dumping into a ¥ dirt trap " at the top of
the canvon. Work wo ' be carried on continuousiy for 24 hours a
dav. Each cablewsy would handle 58 vards per hour or 1,240 yards
per day, and three cableways would handle 4,000 vards per day. At
this rate the excavation would require 47 days or conservatively 2
months. By December 1, therefore, the excavation of loose mnte-
rinl at the upper site should be firished. Work of preparing the
forndation wonld®take another month and it would be the 1st of
Jarmary before concrcting could he started. Excavated material
suitable for use, in concrete would be stored in the spillway basin
under caldeways Nos. 1, 2, arl 38,

([1] Yol. 5, 112)

There are 150,000 vards of concrate in the upper permanent coffer-
dam and 85,000 in the lower. By December 1, the conerete mixing
slant would have been completed and the gravel pit in Hemenway
Yash would have been opened up. the shovels uzed in the diversion
tunnels, quarries, and dam excavations having Leen moved to the
gravel pit. Conecrete buckets would be of the bottom-dumping type
with capacity of § cubic yards per trip. It 15 assumed that conerete
would be placed on two shifts per day only, the third shift being
devoted 1o cleaning up and keeping the job going. Each cableway
rould mnke 13 trips per hour allowing 30 secands for hocking skips.
Each calleway could place 65 yards per hour or about 1,000 vards
per day.  One cableway would be reserved for general service, leav-
mg two outfits to place 2,000 yands per day. Tt this rate could be
maintained it would require 75 days, or until March 15, to finish the
work. If concrete were placed al half the rate pesumed, the coffer-
duwmn ecould still be finished by the end of May in time to turn the sea-
sonnl floed which does not usnally occur untal late in June.

Ono of the characteristies of the Celerado is its tendeney lowardd
Mashy floods of comparatively small volume. Although of small vol
ume and short duration they cause a great deal of anxicty and would
be a source of great danger. The river may rise from 10-to 15 feet
in a few hours’ time at most any time during the working season
During snch a time the temporary rocle il cofferdams would be in
denger and in order to be in a position to combat the flom] two cable-
ways would be left in position over the upper rock fill and one over
the lower £l until the permanent cofferdams have been completed,

After that they would be moved to their new positions over the
_main dam,

([1] Yol 4, 113}

. It appears that the wark of diverting the river can Le accomplished
in the time available and certainly the permanent cofferdams could
he at least be brought up to river level from where they could be com-

leted after high water without rebuilding temporary cofferdams.

rom the time construction of the railway is started until the per-
mament cofferdams are finished will be at least 30 months, allowing
4 months to build the railroad.

Any diversion scheme which does not conteinplate building the per-
manent cofferdams in cne low-water period will be a very expensive
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one, since it will involve the partial or total loss of both temporary
cofferdams and their replacemant, and the excavation of the river-bed
material at the dam site for the second time—at legst down to the un-
completed structure. While the monetary loss would not be espe-
cinlly serious, the loss of time, necessary shutdown, and demoraliza-
ticn of the organization would have a sericus eflect upon the worle

With the permanent coflerdams succesefully eomploted the eon-
struction of the dam would be a cuomnparalively easy matter and would
resolve itself, more or less, into the development of tjpla.n!, to put
conerete into the dam at the greatest practicable speed and at the
least possible cost compatible with good quality.

{111 Vel G, 114)

Excavation of the remaining loose material hetween the finished
cofferdams and work of preparing the foundation rock would be taken
up immediately. DBy the time this work was done the heat of the
summer would slow up operations and eonereting on a largs seals
would not be started until about September 1, three vears after be-
rinning construction of the railroad.

The volume of conerete in the dam, exclusive of that in appurtenant
structures, iz estimated to be 1,500,000 cubie vards. Assuming 250
working days per season and an average daily rate of !pr::-gress of
5,000 eibie yards, it would require four years to place the concreta.
As the dam is raised the area over which concrete can be placed
becomes less, so that in order to maintein the average rate of progreas
it may be necessary to place conerete in the lower portion of the dam
nt rwice the average rate. Work would be carried on for three shifts
per_day, but one shift would necessarily be devoted to repairing
equipment and getting the work cleansd up in order that concreting
on the other two shifts may not be delnyed.

([11 Wal, o, 115

The maximum rate at which concrete would be placed is estimated
to De 3,500 cubic yards per shift of 8 hours, which nmounts to 438
vards per hour and, eonsidering loads of 5 yards, the requirements of
cubleway service are 8715 trips per hour.” The cableways proposed
are capahle of making 13 trips per hour each, carrving concrete the
wverage distance and lowering to the average depth of the lower
two-thirds of the conerete in the dam. Thus it will requiTe seven
cublewnys to do the work. However, nine cableways are proposed,
pertly on mecount of advantageous spacing of cableways over the
wark and partly on aceount of the fact that some of thess callewnys
will be vsed for handling forms and miscellaneous material.

If the average rate of progress could be maintained, the dam would
be completed about seven years from the time work is started on the
constriction railroad.

The plant proposed for building the dam is very simple and is ons
which should perform the work at & minimnm cost. t 15 proposed
to locate the mixing plant on the rim af the cAanyon in a position to
be under the cablewnys but above the top of the completed dam so
that the concrete may be handled by gravity. The mixing plant
would be designed to produce 3500 cubic yards per 8-hour shift or
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nt the reie of T3 eubic yards per munute,  IF @14ovard muxors wera
adapted it wonld requive n huttery of five mixers with rabablv n
' ] milnbility of fiv I times. The
spara mixer to insure the aveilnpiity of bve pt all times. L.
mizer wonld be sot under the material bins and would dump into
hoppers holding at least two batches.  The cableway skips would be
enrried to the mixing plant on flat cars running on fracks under all

the cablewaye.
(111 ¥ol, G, 1160

The cement, sand, gravel, and cobbles would be hrought '-II'_l o the
rnilroad built over the material bins and dumped directly into the
bins,  Jiur each vard of conerete 144 cubic vards of material exela-
wve of soment nre required., ar for the eonstenetion of the dam 5,130,
o enbie vards, I 20-veed dump cars ave used ot will oregumire

A1 7 -

17100 sarloads of materinl from the geavel pit 3% miles awny.

Trains will be operated three shifts per day so *hat when runs of
7004 yards per doy ave berng made ot the dom 330 corloads of mate-
rial will be vequited nt the rate of 14 cars per hour continuonsly,
Tn oprrelion & T.car train would probaply be brought from the
.f-!.l.':lt-::ﬂil:;: vards to the mixing plant every half hour

Two reciproeating locomotives with one spare could probably
handle the troins between the gravel pit and the switching vard
Three prared engines with n spare could handle the cars from the
switching vard to the mixing plant. Twe switch engines would be
required in the yards. A large number of gravel cars would be re
quired not enly to insure flexibilily in aperation but to provida live
storpze m ears in the switching yards where they could be drawn
L e case of an accident on the ratlrond

A el ST

The scroening plant for separating the coprse agrreerate from
the fine would be located at the gravel pit in Hemenwny Wash It
would Le desipoed to deliver at the rate of 420 cubie yards af sep-
arated argregnte per bour ZH]'.L]JIIJFIL'.:i].:f. Same of the electrie shovels
used at the dam site eorly in the construction period weuld be used
in the gravel pit,

{_1|'i‘\"-.'l'li [ S B "'I-! ATELTALS
CEMENT
(711 vl o, 4t

The estimeted cement requirement js 00000 barrels for a reser-
vour of 34000000 acre-feet capacity and proportionately less for
smaller roservonrs. The southern California and Ttah mells are
very fovornbly located with respect to distance aod rml connections
tn the dam site and their combined daily eapacity = about 200KK
barrels, or 60,000 barrels annually for 500 working davs per year.
This is [0 per cant in axcess of the total cement requirements for the
darn 1f built in a single year,
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CONCRETE AUJEE(ATE

The sard found along the river banks and in the upper portion of
the river bed with predominating grain diameters of 0.001 to 0.005
inch is too fine for geperal use in concreto cther than to suppﬁll
possible deficiency of “fines™ in s natural or crushed sand. is
sand contains very little organic matter, being finely broken and
worn rock fragments of great variety with quartz predominating.
Lhe coarser sand and gravel found in'the lower portion of the river
bed are suitable for concrete, and it is proposed to store such material
from the excavation for the dam at Elnnk Canyon to be later used
ler concrete

Concrets apgregate could be made by erushing the granitic rocks of
Boulder Canyon or the plassy lnvas at Black Canyon, The * latite ™
nt Dlack Cunyon is very brittle und could readily be mede into sand
and rravel, but the process would be comparative ¥ eXpeEnsive.

([1] Vel 5 &0

No large deposits of clean sand and gravel were located in the
immediate vicinity of any of the dam sites. The cleanest denosits
are found ‘n Callville Wash., but these are not favorably located with
respect to the dam sites, In Hemenway Wash are very large deposits
of sand and rather angular gravel containing considerable fine ma-
terial. The most promising deposit lies about 31 miles from the
adopted dam site 1n Bleck Canyon on the route of the proposed
construction railroad to the dam site. Test pits developed more
than sufficient material for the largest dam under consideration. An
examination of this pit was made by H. A. C. Jenison.’

[[17 ¥od. G, SL)

Samples, ranging in weight from 150 pounds to 1,000 pounds, of
various materials in the vicinity of the dam sites which in the feld
appeared to be suitable for concrete regate were tested by the
Bureau of Standards, with resnlts thnr:gfcu'ntui:md in the report of
February 11, 1924.*

([1] Vel. 5, 52, 432, 423)

The tests shew thet the Hemenway sand and oravel, although ap-

parently dirty and forbidding in appearance, is the most suitable
of any of the materials submitted for test as to concrete strength,
workabality, and durability, Crushing tests of eoncrete mede from
the unwashed material, just as it is found in the pit, gave nearly the
same ctrenpth as wasied material, and better workability, Twenty-
eight day tests of concrete cylinders of this material showed avera

strength of over 1,500 pounds per square inch for the mors suitahla
mixtures, comparing favorably with conerete comenrently mada with
proven gravels from the Washington vicinity. The weight of

"Repart oo IMTemenway Wil rrivel depaal H. A C, Jenlwn, geolopist, Dol
ﬂ-tl*lr;r_;i;:tﬂhl Smrvey. Oee. ¥, 1673, s br © nleed
o} BEY repart oo festn of a tea Tor the progposed ol
T, & Bureans ¢f Biandatds, Feb, 11, ‘].gﬂ H u Rewider Canyou Daw, by
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Hemenway gravel concrete averaged 143 poumds per cubie foot
agninst 146 pounds for the Washington eravel. With extended re.
search to determine the best proportioning and preparation of
Hemenway gravels concrete of the highest quality can expected.
It appears that washing mny not be fourd necessary and that screen-
ing may be limited to a sunple separation of the coarse aggregates
from the fine. There was some doubt about the dirty films on the
gravel, but microscopic sxamination showed these to be caleium
earbonate and iron oxide. both stable minerals, and dispelled sus-
picion.®
[[1] Vol. 5. 52, 03)

A lightweight concrete without sacrifice of strength would be
desirable in that its use would result in o smaller dam section and
therefore a less cost, provided the lightweight concrete could be
*produced cheaply. A possibility in this direction lies in the use of
crushed latite which is to be found at the ndopted dam site in Black
Canyon ina very advantageois position i he quarsied cleaply.
It 1s brittle and eould be crushed readily. It apparent specibic
gravity is about 227 and the weight per eubic foot of concrele ve-
sulting from its use was found to be 131 pounds agninst about 143
qgunds for the Hemenway gravel, The crushed aggregate 15 sharp,
and when used alone, results in n harsh mix of r workahility.

~ Thw sybstitution of fine river sand for 25 per cent nmr cruehed sand
“improved both the strepgth and workability of the concrete. It i

Lieved, however, that the saving in concrete with the lightweight
latite would be more than offset by the additional cost crushing ag-
gregate in comparison with Hemenway gravels.

Usitr Costs
FORTLAND CEMENT
Q[1] ¥oio 6, 11%)

In July, 1923, letters were written to several large manufacturers
of cement requesting quotations on cement shipped in bulk in very
larg: quantities to be used for estimating purposes. The following
quotations were received

Per

harre]

Monollth Dortlnml Cement o, Morsilth, Califo o ea o
Colton Portiand Cemant o, Colmom, ORI o o o e e e e e e m o.a0
A, 10 M F R o o e e e 25
Copden Portlend Cement Co., Ogden, Tab o e e eee R 210
Bogthwestiern Mortland Cement O, Vietoreille, Cril e 200
Ritereide I'ortlun] Cement Oo, Rivershils, Caldf________________________ 2
Colorade Portland Cemeat Co, Portlaod, Cole - oo 2. 00
Cash, 10 daFs. .. e 1. 00

o rer by Geologlet . F. Purchard, of U, 8 Geolsglead Survey. to Me J. O Taar-
on. of (oe Buread of Blandardn, Feb. 15 1934, Elond Surmey
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Freight rates as of November 24, 1023, are as follows:

Per

hundeed-

welght

I'rom Riverside or Colten, Callf., to Las Vegas, Nevoeo .o _________ #2805
From Ogden, Utab, to Los Vegas, Nev. . __________________ .o
From Hiveralde, Callf, to Searchlight, Neve o oo .31

From Riverside, Callf., to Searchlight, Nev, assuming that Santa Fe  per
will grant a rate over the branch line to Scarchlight ns favorable ns  barrsl

That now in foree on the main line. —— — $0. X125
Assome cost of cement at mill. - — - e i e s O
Frﬂg:{i Riverside to Bearchlight, 380 pouncs at 231§ per hundred-

welght = S S e o < e a
Frelght, Bearchlight to dem slte, 48 miles, at 1344 per ton-mile . _____ 14
Stornge and rehandling st mixing plant_ o = 10

Total estimated cost in bins at mixing plamt. oo oo oo 3.12

Say $3.10 per barrel.
ROCK IN TEMPORARY ROCK-FILL COFFERDAMSA
([1) Vol. 5, 119)
Source of material, rock in the canyon walls at the ~offerdam sites,

Quarrying and leading Into skips on ears: mhf;;'qrd
Drilling and blasting fot as 0. 45
Mucklng, includ.ng derricks, steam shovel, and bande.—.__________ . T0
Power.... — - Fe i -
Repairs and supplles._.. . i . .10
Plant depreeiation . ey « 20

Total by solld measurement ety = — 1. B0

([1] Val. 5, 119)

It is assumed that 1 cubic yard of solid rock will build l}gﬂmbi-:
yards of rock fill dropped from cableways (8314 per cent voi ).

Per
. cuble rord
The resulting quarrying cost of rock measures in the Al is. 5100
Huouling to coblaways___ 16
Placing by cablewnys_ =iy — - 10
Taotnl estimated cost e dam - == L 30

GRAYEL AND CORBLES FOR CONCRETE

Source of material, gravel deposit in Hemenway Whash, 314 miles
from the dam site.

Steam shovel “HI:;"‘
R operation ‘] 15
Hauling to seresning plant.__ ] - 2t _— m:lﬁ
Operation of screening plant *__ o S
Flant depreclation - — i .10
Haullog to mixing plan:__ = .10
Tnhltllmttidmtl:hhllthh:lngp]ut il

* The material will probably require pame sorting and washing.
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CRUBILED ORAYEL

((11 Vol. 0. 130

Assuming that upon further investizalion tle Hemenway gravel
is found to be unsuitable for use in concrete and that the reck at
the dam site will ba used—

Ter
. culshe ward
Quarrying and leading at $1.00 per cllw vard, solld—0 per ceot velds
Im CABCTEE . e meamem———sssmm—————— R | N |}
Hauling to crushing plamt. oo e —————— .1'1‘:
Operathon of erushing AL oo oo P .
UL Lt Ll PO ——————— RS L e e .:IE
Transporting to mlzing PaB - oo ccmme oo e s oo - 1%
Total eatimated cost [n bins at mizing plant. oo e 1. 00

| CRUTSIED CORALYA

Assuming that Hemenway gravel pit yields unsuitable material
ard that rock at the dam site will be used—

i il C=I1l‘lér;lf'|

Guarrring and loading at $1.50 per cuble vard, =0llA-—50 por cent volds
crpabed___________ RS | Ny 11
Hapling 0 croshing PEBE . . cccameme-ccccccsmme——————m s me m e .18
Operation of erashing plamt oo 21
T L el T ————— L R TR .15
g i ad b AT TEAEY T 1| S ——— LR EELL LSS .18
Totn] estimated eost 1n blns &t mizlog plant. .. [ B |

BAMND
(111 ¥el. & 121)

Assuming 30 per cent natural sand inixed with 30 per cant erushed
sni.

T'er
rrilsl e yard
Sapuri] ssped simee &8 Srvelo .o ooeoooaa e —mmmmm e m . &0 B
" Crushed wand ;

Quarrying and londing rock at 3100 per culbie Fard, mdld—3 per

et vl CTukhed e e oo ccsmmmm———m s mm——— e m = m——————— i

Haullog to crusiing Monl ccaceemmmmccccaas R i

Operation of crushing pnnt—

CrusblIng. ceeemececscccmmammm————— e o —————— e .23

RAOE oo c e e s e SR

T Tl Lot g £ (5 A ——— T P E T =0

Traosportiog to mixing HANE s e e 13

Total croshed mapd. oo e ccmm—mmm———emcscccEmEe=m—————————— 2,12

‘Total eatimated cost of mixed sand (o bins at mixiog plant______ 1. 50

CRTUBIIED BAND

Assuming that no suitable natural sand can be found and that the
rock at the dam site will be used—
"aat rama ma ahors eroshed sand. say, $2.10 per cubic yard.

Nore—The estimates of cost were prepared prior to recelving the report from
the Durenu of Siandards, which Indieatea that the material from Hemenway
Wash I8 sutisfactory, The unit cost of sand used in the estimates s therefors
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too lilgh, The sund would eost 5o more than the gravel which s estimated at
L0 per cabic ysrd,

MIXING AND FLACING CONORETE 'S DODT OF pAM
([1] ¥al 5 122)

Mizirg: Frr cubic yard
D E I BT o e e e e e e s e e e §0. 10
| TR T e e, e e e e A B o e A
1 O
\"Alr!‘--. ________________________________________________________ .ﬂ
Flant depreciatlon . o e e 15
A e e e e ——_—— o #
Cablewny baul: .
Df.h‘rli."jﬂh..,._.,..,____.,-.__-...________,.,..,___,_._,.-.__..-________.____ & am
Power_ __ . i e I R B B e B L
Repadra____ . . e 01
Viwnt depreclatlon_ . __ . . SRS
A e . 4
Macinz on dam:
Cleaning and placing. o oeewo. o . 1 =1 |
Fumning and lighting_______.______ S 1)
Miscellaoema=. . ____. R | |
Tovtm)______ e .45

Tornl estlmobed cost . _____ R, TN - |

Coromano River Storace, Borroer Casvos Rrseavorr, Lower Sitr
(Brack Caxyox), Conven Gravity Tyree

{17 Vol. 5§, 441}

With reference to the following estimates it will be noted that the
cost of a dam 550 feet high, with a reservoir capacity of 26,000,000
acre-feet, was increased from $41,500,000 to $70,600,000 by the special
engineering board. :

trre items entered into the increased cost of the dam, viz:

Fg] Increased spillway capacity over top of dam.

) Decreased allowabls pressures on foundation from 40 tons to
30 tons per square foot,

(2} Inerease in size of diversion works.

It is not assumed, however, that the board varied the mnit eosts
materially,

Maximum pressure, 40 tons per square foot, by Cain's theory;
20,000,000 were-feet flood control, power, and IFFIgation reservoir.

The following estimates on the various dams are taken from the
oripinal Bureau of Reclamation estimates and must be Lncreasad
as indicated above; they are ineluded here for the purposs of indicating
the work to be dons,

DIVEREION TUNNEL BISCH - NGE ELOW FOWEN HOUBE

Top of parapet: Elevation, 1,166 feet,

Top of dom : Elevation, 1,100 fest,

Mazximum norma) water surfaes Elevation, 1,150 feet.
Wiater sarface of river: Rlevation 845 foet,

Eaise In water rurface: 506 feet.

Radios of axis: 780 feet
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Bovlder Canyon Dam, 40 tons, 20,000,000 acre-feet, long diversion tunnels—Contd.
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Bouldar Canyon Dam, 40 tons, 20,000,000 acrefeel, long diversion tunnels—Contd.
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If tha uﬂnu&rilmmhuthdhlhd:htul 1,250 feet, the town of Owverton
would be at the wpperénd therecl and In! m.ul{ n:h-:l thereby
About 814 miles of the Los Angeles & Sal rtmvn-uﬂ
Eﬁ.“““'“‘" aa would also the villnges of I'Elnlln and Et. Thomas situsted
reon, .
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Assisted by a resident whose interesta are not particularly Involved, | made
an estimate of the total value of all improvements, houses, fences, ditches, irrigable
lands, ote., in tho walloys above junction of Muddy Creek and Virgin River,
itemizing ench article, and I place the total value thereol at a little Jess than

$450,000. Thie covers tho v of Kaolin and 8t. Thomas above mentioned,
but does not cover the value of railway property, which consists of rondbed alone

and no buildings. Thairrigated land can not be valued at much, if any, exceeding

$125 per aore.
The @ raiged are wheat, nlfalla, a few grapes for raisins, eantaloupos, and

somA produce. ’

None of thess seem profitable and the community, Mormon with three sxcep-
tions, is far from being a thrifty, enterprising, or succesaful one. In the Virgin
Vallay are two ranches with very little in the way of improvements, and both
located near 5t. Thomas. There i considerabie land below St, Thomas that
would likely subirrigate from the underground flow of the Virgin, but nothing has

been done to attempt to use it.
A canal, heading near the crossing of the Virgin River east of 5t. Thomas and

gome 10 miles in . was conatructed four or five years to irrigate the
irrigable areas of scctions 10, 15, 16, 21, and 22 of township 18 south, range 6B
east, leas than 1,000 merea In extent, but through bad ent Wi naver

completed, and the present valoe of the improvementa s practically nil.

e only remaining improvement ia the house on the placer claim of H
Armitoge, not over & eouple hundred dollars value, and Bonpelli's well-bui
stone house at the mouth of the Virgin River, probable value not to exceed

32,000.

For a reservoir of o “Pm“]:.l of 26,000,000 acre-feet with dam at
Black Canyon, the maximum high water would be at elevation 1,197
feet, which would pass through the lower section of Kaolin. The
total population of the area to be submerged is less than 100. The
value of the submerged land and improvements, including the rail-
road branch, but excluding mining values, is estimated at gﬂﬂ,ﬂﬂﬂ.

A mineral valuation survey commenced in 1922 was not completed.

BALT DEPOEITS
(1] ¥ol. 5, p. 237
[From repor by F. L. Ransome, peologist, Unitel States Oeologioal Burvey, 103]

The kuown salt degoﬂh of the Virgin Valley occur in the lower part of the
Muddy Creek formation at a number of places betwoen 5t. Thomas and the
m&nu!‘ the Wi tgqll? tly they ﬂui at about the n.n:: :ttTHmphh

- Bome very pure and is coarsely erystalline, but a rt
of it is brown and contains considerabls fine ailty material. In places 1 F:.ll-.
Sl B0t paris of ' Sontinuetly salt bec bt oo Jonllocies aen L o Suterope

L2 1}

of beds that is preponderantly silt, e e m * ke

({1] Vol. 5, p. 253)

It is clear that in the Muddy Creek formation of the Virgin Valley there are
extensive deposits of rock salt.  The quantity of salt uuntllll-:l'iul in th&ur' deposits
can not be cstimated at present but probably amounts to over 25,000,000 tons.
The greater part of this salt will probably be submerged beneath the water of the

refervoir. Some salt will undoubtedly go into sclution »ut It is not

ved that this will be sufficient to make the water appreciably saline. Much

of the salt is a0 deeply buried that solution must necossarily be alow. The

actual salt outcrops are in bluffs where the effect of solution will ba to undermine

E.'E-; E‘nmlul;:l: nnrbiu‘ﬂ!‘n. TIJE:ngm:ﬁl:]j will in time settle down over the salt

=il COVET WE SlpOSEl BUEEs Of 100 a8 « RILET WOICH SOIOTIon will be extremely

glow. Alth the quantity of salt E large the surface of salt sctually exposed
to rapid solution is & negligible part of the entire reservolr area. )
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9 ([1] Vol. 8, pp. 527-528)
[From report by H. L, Daldwin, sntinser, Unitad States Ceolegioal Survey, 1919]

Rock salt oocurs ab several places in the Virgin ‘lfallu{. notably at:
- (1) The Bonelll mine in ssstion 4, township 20 south, range 68 east, which
l.pﬁmnu;r not been much worked;
k salt mines in soction 18, township 10 south, rangs 83 east, the sxtant
w’l;;:& being soveral drifts, none of which exceed 25 feek in length, run
r-hﬁ deposit; . ;

LT

o

gt

3

_ alico salt mines in sections 31 and 32, township 18 south, range 68 sast,
;mﬁmqfw-meIltmﬂthnHIMn
mined, although tho sise of the mrp:rm--:i_: inTge;

' - (1] Vol. 8, p. 528)

- '_‘ [From mpart by . Iﬁ'lﬂﬂ'llnfnﬂuﬂ. Taitad States Geologion |Buresy, 1919

] 1 4 =

- " (4) The "salt"mine” in section 34, township 1V south, ran 88 cast. This
mine is worknd considerably and the rock salt-hauled by w ) the railrond at

#Bt. Thomaa 54§ miles distant whera it in worth §7 per ton. mine was recently
aold for a price supposed to be about . Some salt has also been remuved
from section 27 in_this township.® No other mines or tﬁmpmu of any kind are
known which could be all ¥ the construction of the reservoir.

MINERAL DEPOSITS

-

Hl‘.l'.l.l..:.'l.'r‘lll.ﬂ-ﬁa DEPORITA
{[1] wol. 5, p. 237)
[ From report by P. L. Ransome, geologist, Ualted Biates Teologhoal Burvey, 193]

The character of the country which would be submerged by cither of the
Izm damas iz not suggestive of riech or varied mineral resourecs. Some
ndieations of metalliferous deposits in place may possibly exist in some of the
eanyon portions of the reservoir, but none was scen in the part of the nrea ex-
amined in 1921 and 1922, Placer gold has been reported in some of the gravel
deposits near the river. Rock salt and gypsum oceur in ]x,tf;n quantity in the
rescrvoir above Boulder Canyon, and some IEnthulh reporta have been received
af the oceurrenco of alum somewhere within the proposed reservoir sita.

O0LD PFLACENS
(1] val. &, pp. 264-235)

Claima have been mada that certain gravels in the Black Canyon reservoir are
gold bearing, particularly those which undeclie a flat of about half & square mile
in aren, situated on the north benk of the Colorado, about 134 miles east of the
mouth of Las ¥ wash, In 1921 somn churn drilling waa done hore by Btetson,
Gillette, and others. The. tiona were conducted from what fs as
Biack's camp and were in e of Mr. Fred Hess, with headquarters In Las
‘Fegal. One drill was in ation. | Gold was reported to occur from & depth
of 20 feet down, no bed having boan reached. No definite information waa
abtained eoncerning the eharaster of the material passed through, or the tenor
of the gravals, At the time of visit in 1022, the camp was being maintained
but no drilling was in progress. The general impression gained was that the
ﬁflﬂutiar was perfunctory and that no lively expectation waa entertained of

unl mining. i .

If it s rﬁntﬂnlﬂ that these gravels contain enough gold to be of economic
value it will ﬂﬁhﬂﬂly be m&:u test them ban;n;/drl ing or shalt ul!:.Hng. Neo
ﬁnm :En safely plased on statomonts remdg of those now holding
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Grexy Caxvox Reszrvoin

"
[Fromi Muard Repart by F. B Waymaath, P. L. Ranseme, Louds O illasnd A, V. Wiley: dated Docsmber
x, ez

OQECLOGIC FEATURES

The gonlogie featurea of the Glen Canyon dam siter have been siudied by
Dr. Kirk Bryan, of the Unlied States Geologleal Burvey and an execllent sammary
of his eonelusions has resently been published in the Transsctions of the American
Saciety of Civil Engineers (1922), as part of the discussion of Mr. LaRue's paper
in ad ey of & rock-fill d-ua at this site. Our own examination of the geology
was neccssarily so brief that very litile ean be added to Doctor Bryan's state-
ments ars wness = be frecly drown upon for the prescnt preliminary report.
HWr in necompaniod by stme uselul small-seale maps and sections and by
a ar statement of the charncters and thicknosecs of the geologic formations

resented in the localify,

he orly formations that noed be considered at present are those of upper
Triassic and Jurassic age. These are, in upwnard succession, the Shinarump
eohglamerate, the Chinle formation, both Trigssic, and the overlying massive
Jurnmsiz sandato whigh is apparently the -e\:Lnivmlnnt of both the Wingaic
sandstone and the Navajo sandatone, as defined by H, E. Gregory, to the south-
enst of Glen Canyon.

The Bhinarump conglomerate is o comparatively thin layer, generally less than
40 feet thisk of moderately coarse gray sandstone with irregularly disposed lonees
of eanglomerate with hard, well-rounded pebbles. This appes to.be ils
character at Lec's Ferry, where it woa cstimated to be at least 50 feot thick. It
has besn deseribed by other observers as conglomerate with lenses of sandatione
and probably axhibits some variability in the proportion of sand and peblilea.

Conformably overlving the Shinarump econglomerate is the Chinle formalion,
with a total thickness of about 1,000 feet. The lower and main of the Chinle
conmista. of . varicolored shales with some sandstone and thin layers of impure
limestone. This af the formation has in general the charneteristic weather-
ing of rather soft shale. It forms smooth siopes that mre cloaked with finely
disintegrated erumbling matarinl much of w.ich has the aranes of n looso
slorile soil. The upper 200 to 300 feet of the Chinle formation is so distinetly
different from the lower part as to raise the question why it was not given o
distinetive name. * [t consista of rather light brick-red sandstones and shales in -
alternate layers. Sandstone predomioates over shale and some of the beds are
appa feet or more In thickness. This part of the Chinle is much more
registant n the lower part. and generally lmarm as a alightly stept oliff at
the base of the Jurnssic sanditone. Some of the thicker beds might Le used as

bullding stone, ; ;

Tlu“ﬂ:mulin sandstone, the roak actually at the dam sites, has bean
estimated by Doctor Bryan to be from 1,100 to 1,200 fect thick. It is extra-
crdinarily masslve as seen in cliff faces, the inclined mMﬂinT being as & rile
more sonapieuous than the iros beddi It eontains a few thin lentieular layere
of impure l:hnrtf'r limestone, usually not over a foot or two thick.

The country for hundreds &f miles around Les's Ferry has the general charaster
of & pisteau underlain the beds just described in a pearly horicontal attitode.
Thera ls & reglomal l¥ dip of probably from 1 to 4 degress. Extendin
north and south § Lees » and sontinuing for over 40 miles south
the Colorado along the line of the Cliffs, Is cne of the great monoclinal folds
described by the sarly goclogical explorers.  Along this line the beds, ut‘h:{ are
[ollowed westward, turn sharply opward and then resume, at a level about 1,000
feet or more higher, & horizontal attitude west of the fold or flexure. In conse-

the
feet oast-northeast of the f) soparated by a high sandstone . around which
thﬁmlnupnhthnmuﬂhmﬂrm?utﬂmmnnha mris. .

In hing the dam site by river from Lees Ferry, the route for about half
south and follows approximately the strike of the beds. The rocks
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extends northwest for over & mile and one-half. The lower dam nsite ia in this
section, abaut 34 of A mile above the bend. The lower end of this straight strotch
ia probably from 1,500 to 2,000 feet cast of the visible upward tilt of the hgdn
along the east fank of the monoelipal fold; the nn-ﬂllcndﬁ‘ the atrelch, lying

TR TTT T gy e ey | ey oy | o P b 1 el e
wEr W AT D waes o Tl &0 GNT G NE Bpe el

toward the dam eite the bedding planes in the Jurassic sandstone have an apparent
dip of about 4 degress upsiream, or to the northwost.

It waa impossible in I.E-: short time available to determine the probable depth
below water surfacc 1o the top of the Chinle. It was roughly estimated at about
250 feet. A drili hole put down by the Bouthern California Edison Co., at the
base of the east wall to a de of abaut 200 fect below the water surface is
clearly all in the Jurnssic san pa, as shown by the core,

The Jurassic sandatens has bean (ully deseribed by Gregory, Bryan, and othera,
It is a fine-grained, very uniform quartzose sandatone which appeam Lo owe its
reddish tint to the superficial rednesa of certain individua! graine. The graine
are imperfeetly comentod and the whole rescmbles in hardncss the type of soft
brick known to the trade as enlmon brick. It erumbles under shock, such ns
that of erdinary blasting, and smell fragmentis can be crushed to sand botween
the fngers. otwithstanding ita softness the reek sltands remarkably well in
the vanven walls, forming large pmooth clifs that rise for 1,000 feet or more
above the river and which in places aro within 5* of being verlical. A
comapicucns feature of these walla & the presence of a seriea of nearly vestienl
fractures or joints whizh strike lpm‘u-l‘iml‘ﬂh" enst and west, These joluts are
not everywhere nt but occur in groups, comprising many jointa from a [ew
inches to n few feet apart. At such places the sandstono is divided into great,
vertieal, closely fitting alicea. The joints themselvea are very close and appear
to be as & rule comented by flms of te. Under the action of weather howerer,
the joints form rones relative weakness and where they occur thers is o
tendency for the rocks to fall oif in blocks and for the eanyon walls to lose some
of thair sheer amoothness. One such zone of joining ercases obliquely the lino
along which drilling is now in and constitutes a possible weakness in
the nts. Another section of a few hundred yards downstream
frorx the preseat drill line, offers better tments with apparently no ter
distancc between them but the top of the Chinle (the red sandstone shnlc)
is probasly a few feot ncarer tho bottom of the river than it is farthor north,
The :rgiﬂr beds of the Chinle, however, to a thickpess of 200 feet or mors, would
probaoly be safe material upon which to bass a dam.

The u dam gite is si about 5 miles upstream from the lower site
just south of & point where the turns to the east. The walls are
of the same sandstone as those of lower mite the depth to the top of the
Chinle formation is probably slightly greater. The abutments here are partic-
ularly smooth and maseive.

As pointed out hy Doctor Hryan, the Jurassle sandstone la too soft and too
ﬂllg broken on corners and edges to make building atone and & entirely

for use aa conereta constituent. :i: manasca, however, [t puccoan-
fully resists the t of the and shows no signs of falivre
at the bass of the elifs where those come to the water's edge. Under the
atmospherie eonditions prevailing at the eanyon, moreover, the sandstone in
apite of ita softneas wit ds tho action of the weather remarkahly well. Soma
ﬂthnmmmnthnmmm for centuries.

In considering pomible building materials should be given to the
possibility of using the Shinarump te¢ near Lees Ferry ar a source of
sand anc gravel. The nearest rock suitable for crushing end use in conerete
hlﬂmhbl}' the chorty Kaibab limestone which is over o large ares &
sidaritle Siavel Of Tecant. pedlogie Aes Seotes 'oh th Ptk ol e e, o

L L sl BR 8 fiToll]
below Less Ferry, hﬂttﬁm her the quantity would b"ummut"m
1he construction of a dam of the see proposed.
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DAM SITES

Two dam sites have been i nhﬂ:od four miles and the oth
about 9 miles lbnr: IMF% --Mr, f:ﬁauu&“;lpaﬁ i.:_:dim::'th::
the lower site is preferable and the Reclamation Bureau Board of

1" Tuatative for the eomstmsetion of
e Sk L!niﬂmnummu-umm
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Enginoers favors the same site. DBoth sites are located near the upper
end of long horseshoe bends in the river which may be taken advan-
tage of in river diversion during construction and in passing spillway
water,

DRILLING AT DAM BITE

Boulhern Californis Edizon Co., of Los Angeles, Calil., made investigations
of foundation eonditions at the dam site by means of a core drill in November
and December, 1922, and in January, 1923. The dam gite is located ahout
4 miles upstrenm from Lees Fgrqf on the north side of the " Horreahoe™ eurve
which the Colorado River makes in approaching Leca Ferry, The line on which
the drilling was done is within the ares which had tentatively been selected as
the appropriate location for a dam st the lower end of Glen Canyon. Bix holes
woere drilled as shown the acenmpanving drawing,

The first hole drilled (No. 11 was put down vertically on the left bank of the
river to & h of 221 foet for the purpose of obtaining & cross seotion of the for-
mation at this location where the strata are reasonably nearly lavel, although

uite glose to the beginning of a monocline, which shows very decidedly at Loes
E'l.'.*'l'w. The entire hole was in solid roek and for most of the distance & core was
obiained and preserved. The next three holes (Nos, 2, 3, and 4) were drilled
vertically from a barge anchored in the river. The holea penetrated the channel
filling and were, in each instance, carrfed into the solid sandstone bedroek for a
ﬁ?dﬂﬂﬂﬂt distance. The horizontal distances betwsen vertieal holea are as
DIIDWE:

Betwesn Mo, 1 and No. 4 _ o rcrrccesccenees - 121 feat.
Betwoeen No. d and No. 2o o oo eccecm e 146 fest.
Between No. 2and No. 3. oo oo meenn 157 feet.

In order to develop the character of the rock for some distance under the ax-
posed surface two Nos. § and 6) were drilled on the left bank of ths river
near hole No. 1. Hole No. 5 was drilled horizontally for & distance of 89 fect.
gzu}nﬂlfmGmdrﬂhinmmdlndmnthh:Mﬁmmmr-dhhm-:nf

The elevations appearing on the are referrea to low-water surface ot th
dam site which was assumed to be :ﬁhlﬂun azr. :

([1] Vol. 8, p. 75)
Hole No. 1
Dute From— | To— Claerifeatlon
Fl.in | F.in
Mow. T3, 0080, ___.____ B o 2 6| Band v Py
38| B 8 S
Mor. M, 9. .coonnnns E ]! H IE wﬂ“u ':
« MEAFRF,
“ u-u.-: I
Mew. 25, 1093.........| # | B o vock,
5 ol @ o0 sand tock.
=5 ool m1oe Fock.
181 8| 100 8| Mofiar cand reck
Mov. 28, 1022...........0 100 0| 149 0 fand rock,
Nev., 3. 0 18 gl im0 !uulm::h L
5 bands).
Nov. 3, L. ... - ™ ol M2 o l.n.n..n-k_1 -
i 0| @ 0| Solid mnd rock.
. Eof mtﬂ
‘oot recoTered, 108 el ..ca... T e —— A e i
ot g ey m—— {1
mu:q L[ IS 1,142.3 fest.
l'IIII'lHIn"H ....................................................... hu:uh-t.
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{[I]‘i’nLhn.?ﬁ]
Ifole No. §
Duts Irm- To— Claasi fratinn Cors
Dae, 13, 1922 'Inu "i“iui Epwce top of to water K
" pasi LR oy e D i B
Dec. 3,192 @ o| 31 0 '
goail B
nu.u,:m---i ﬁ g g 9
Dec. 14, 1922.....) @ oo s
Dee 16, 100.... 77 0| & 0l
[ .=} ] B i ]
Dec 17,192.... ® 0|13 o
ol o

oeen B3 et
{[1] ¥ol. 6, p. T8)
Hols No. 5
Dhuts From— | To— Clamifeniing Cors
| o " ; g
- - : : n 4 Band.. - v s
DeaZ012... 0 0| B & Gand rosk Dowider. . ... E
I B e ——
N o oel.. g D
N SR T R S wee——
.. In reporis mnd Mth. T Y
Dec. ™ 1992...| 8@ o = 0 Eand, small ke - n
w.olm o H_lﬂmﬂn_ﬂﬁﬂ Ly
& 0T ® m.ﬁ"“"'“'i','_',"'.‘"f: ﬁ
Do, 28, 1923, .. : = = :...‘H_..... ..................... :
& 8% 8|S madreke ] Mutimam core Jteet.
E : E : T amaa
Dec 77,1822... 1M 0| 137 0| Solid mnd reck
B 8| M SRR ] Mastwam sern 3t 8 leaten.
9 081 O Beadrook. .o Huuum=ﬁ‘ '
Hola rartically:
Amouni of oore resoversd, 53 T ... ..;e e 3.4 per penl.
singis plecs of cove - s —— - - 5 £ ¢ i
oaillar of Iﬁmﬂ_... 2L L131 fesl.
of bed rock..... - FrEe ¥R ==}
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(1] Vol. 0, p. 78}
Hole No. 4

Dinie L ¥rom— T Clnsad hendlon Core
e e et = I g
Fi i | P, in
u-r,w.zm...[ {‘n =- ; : Eﬁdbﬂ-h'mn.,.......,.. Hrrn‘;}:
m 0 P T T
t : : H ﬁ m.lllﬂ‘ MY TIE L LR R R m
iom I e e eaenumneren| Minaimim core, § Incbet.
n-.n,:u_‘_! 2 el a E m‘d;i-a__‘ Musimum core, 1 foot & inchas.
m 0 Eand ok, =aT Ei i
I uuuum Jaat.
Tam f, 100 51 0 | W B h#_u:t. Mﬂr—n Matimum cors, | foof T lnches,
1 wm 0 |13 0 | Band reeK....econmnannnrsocasnmn S{asimom eore, 1 foot 3 (ehes,

Hels drilled vertienily:
B B0 een sonn s s sts mammams seseae semneensarensnmmmmnernress TN plr.m

mwrh—dmm m

feur
Ehetd

e A N e " o ey iﬁ*‘*
““ ....... O L L L LR LT TEL S S s samEmE R -
- R LT L CELE TR T TR R B FEEES R .- “"

e T T T A — == .5 iset.

{I1] Vol. 6, p. TH) ~ .
Hole No. §

Dl | From—

G

L

'l'llz ?

s Erilled ]
Lt walar ok 18 -

Amaint of %-u.. ress ‘_;,f g el e
EE:-@ N ———— st 1177 |

M-J‘-l“:ﬁiu orel A A e TAe.

g (I1] Vel. &, p. 80)
Hole No, 8
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channel was located since the holes are 140 and 157 feot apart. The
estimates assume maximum depth to rock 100 feet, the same as
originally assumed by Mr. LaRue. The drilling records show,
further, that the river channel is filled with nver sand and gravel
with very few bouldors and that clay-filled seams from one haﬁ’r':mh
to 6 inches thick exist in the bedrock. The geologists did not report
tho existence of seamns of clay in the sandstone above water surface,
and it is probable that the dnilers interpreted the cuttings from very
soft layors of sandstone as clay,

BrrEnoTn oF IlocEa
LABDRATORY CERTIFICATE BMITH-EMERT COMPANT

([1] Vol. 8 p. B1)
Chemical Enginsers and Chemilsts,
Metallurgical and l'l_'-tlugl Engineers,
Eﬁ'-,n..ﬁ- J ﬁ'"rm
, January I8,
Laboratory .
No. 45490500
Reodived: 12
: 12-27-1
Submittad I.E*. .
Boutborn Edison Co. Marked: Colorade (Order No. E T4718)
Edison Bullding,
Low Calif,
Mr. Doowrrrie:
COMPRESAION TESTS
Marked: 88 feet.!
ﬁrlnddi 1L.11* dis. x 2.12" high, area 9677 »q. in.
. 1---'--'----------------!I--l--i-----—---- ; h‘r
Hﬁ- g-qiqii-----ih -------------------- i.ml.h-
P ferccesssssnensncessananasananas 1, 900 Iba.

1, T —————— 150 Jba. = E
Markd: 210 T2 s aa
Cylinders 1.12" dia. x 2.25"" high, ares 0882 og. In.

Hole No. 1.
e 12, 600 1he.
Hnl 1!4!---!-1--------i----—------l-ll--%ll-llm Ih-
W T NN 13, 300 Ibe.

* - W mlh-l mh lhl
I[?'du-l 1.11" dia. x 2.25'" high, area JH%'!;; in. % oL
T ————

15 100 Ibe.
|, ot VECRCNEESTEE W EAT AT S, & Y
No. 8...... 7 A T —— - 7, 900 1bs.

. PENLUELI S Sn T e 1 Ibe.=] Iba o

R llr:“" 0, 433 0,480 Ibe. per q. in.
Surrw-Euzny Co.
I'napecting and Testing Enginsers.
([1] Veol. 8, p. 19)

hmtﬂ___ _n!}“__liﬂgg!m*&_n‘p‘#_ tha roslk hs sswes 1
Hmw,uﬂmbhvﬂﬂﬂuhihhmﬁmm.nmﬂﬂuﬂh
necessary to prevent wear., It seems likely also that there will be losses to the

I Tha Lewta]
- LLUT.. Hlﬂhi-ﬂﬂﬂﬂ'mh“hl
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i d

adjacent porous sandstone if the water in the tunnel is under great re l:"lﬂ
pereo h h tha sandstone may eventually find or work

tﬂhﬁi: T:r‘g'qnmt;;“ﬂ!ml serious losses from the tunnel and direst the
waler townrd inconvenient places, R e e N
In another place he states that the cementing matenal of the sandsion
is ealeium E::ub-unau-. What is true of pressure tunnels would [b-u
truo of the reservoir itself, It is possible that by reason of the solu-
bility of the calcium carbonate auy crevice in the rock might become
enlarged and in time produce the channels referred to in connection
with pressure tunnels. If these channels should develop in the sbut-
ments of the dam or in its foundation, serious results would follow.

(11] Vol. 6, pp- 26-27)
CoxcrerE Dan
DESION

The principles of design used for the Boulder Canyon Dam have
also huE] am;luﬂd for the Glen Canyon Dam. Owing to the infenior

uality of the rocks at the dam site, m*uﬁnrtmmduhdupl
ﬂlm of the least obtainable pressures with results as follows:

Pressure in lons per square fool

Fuall res-
e
A o ,m of daim
RESERTOIN CAPACTTY 54,500,008 ACLE-FEET
prearane npAtreT Paa. — s awa| ST L4 .
RATE T DIEATITS T IIBEIE PO o o m e e o e s sass| LB o n
aximizm regubred lldieg BT csissssressnssmnssasnansnannnn ek A <A .
HERERYOSR Ci FACITT 10,000,000 ACRF-FREET .
o T T T - B’e ILé B
Marmom presme dowoilrees Mo, N— i - I =W na
Mazlimur reqalrsd sliding facter . . A3 .- <

__'The section and pressurs diagram for the larger dam are shown on
drawing 45-C-457.

With reference to allowable foundation pressures Mr. Wiley states
in paragraph 290 of his letter of November 27, 1923: .

It does not seom fearible to build any type of masonry dam of the necessary
?ﬁﬂtrwmﬂﬂﬂwﬁﬁmmmﬂmﬂﬂﬂm at lesst no
rmml’ml&' mequiring maximum pressures of mom Per sqUATS
foot should ba used.

([1] Vol. @ p. 28)

From the studies which have been made it appears that if the above
condition is fulfilled it is not feasible to build a gravity dam at the Lees
Ferry site for a reservoir capacity of 10,000,000 eet or more
it would be possible to reduce the pressures the use of some
sort of hollow or perforated construetion instead of following the usual
practice in designing gravity dams. It is questionable, however, if
any "‘freak demgn’ would be approved for a dam of such unprece-
dented height and where the integrity of the dam is of such great
importance. .
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In all cases the estimates assume that it will be necessary to remove
foundation and “butment rock to a depth of 20 feet to insure a sound
foundation. 4 : ‘ )

As indicated by the siress diagrams cach section has been Investi-
gated with water passing over the top and found to sntisfly all
assumed conditions with a depth of 21 feet on the roadwey.
greater depth could pmhnhf[z pass over with safety. The estimates
submitted are for dams with the minimum pressures obteinable as
above indicated.

([1] Veol. 8, pp. 3-4)

It is believed that the foundation rock is capable of safely carrying
the pressure of 2214 tons per w}mt but no more. It therefore
follows that construction of higher concrete dam would not
receive the approval of the engineering department of the Bureau of
Reclamation.

The concrete dams have been designed to pass rare floods of exce
tional discharge over the top. This plan materially increases
nominal storage capacity of resarvoir and particularly the food-
e it i O Oa design is found in the

eparture er yon A found in apron
at thaiwat toe of the dam, which is here considered necessary by
renson of the comparatively soft foundation stone.

{[1] Veol. 8, p. 34)
OUTLET WOREB

= - Lo i.liﬂnl:d Tt Thtach siodd passing thron e
oot condults w1 ' B assing & dam &n
discharging through 7%&4{113&5 valves at the lower fz=e of the
dam. Each conduit is provided with a § by 9 foot hydraalic cperated
emergency gate at tho upper end. Trash racks arc provided at the
upstroam faco and arranged for mechanical raking.

{[1] Vol. &, p. 36)

The maximum irrigation demand is assumed as 30,000 second-feat.
Capacity curves, velocity tables, and working heads are shown upon
the drawings. It will be no in case of the concrete dam for the
34,000,000 acre-foot reservoir, that—

(a) The lower set of valves begin discharging with 1,500,000 acre-
feet in_the reservoir. ) ) s

(b) With 5,000,000 ncre-feet in the ressrvoir (W. S. at top ofailt
storage) the discharge is 29,000 cecond-feet.

(¢) The upper set discharging at the time the lower set are

@) T appes set with full reservoir will discharge 47,000 socond

o upper set wi Teservolr second-
h?}:mﬂi-:tt:h‘%“d 'ﬂﬂfﬂ?ﬂ{m ir will discharge I’I:I-ltl,lllllil:ll 3-f

[ sets w1 TESErvolr second-fesat

with maximum head 407 feet.

(1] Vol. 8, pp. 36-37)

thuhm;ﬁliiilq-umldﬂutlllmn;ﬂurﬂmhrwm
are of the same design, although the head on the two tiers is
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different, in order that they may be interchengeable. In an emer-.
gezev.a valve from the upper tier might replace ono in the lower tier
whule the latter was being repaired.

(f1] Vel. 6, pp. 40-51)
CONSTRUCTION FLAN

The plan of cofferdams and diversicn tunnels is the same as out-
lined for Boulder Canyon Resorvoir except that tunncls do not by-pass
the dam site but instead pass through the neck of the horseshoe bend
made by the river and return water to the river near Lees Forry.
Three 35-foot tunnels with 18-inch conerete lining and 3,500 feet ]ﬂn:ﬁ
are contomplated. The sequence of construction is also as cutli
for Boulder Canyon Resorvoir.

(1] Vol. 8, p. 20)
CONCRETE AGUOREGATE

The sand as found l.lnn.git.lu river and in the upper portion of the
channel filling is too fine for use in concrete other than to :uglglr
possible deficiency in “fines” in a natural or crushed sand. The
mnrnﬁ]r sand found in the lower portion of the channel may be iound
anitable,

The Jurassic sandstone is said to be entirely unsuitable for uso in
concrota either as sand, gravel, or plums. It therefors becomes nec-
essary to go elsewhere than the dam sife to obtain concrete 1

The Geological Survey made an examination of samples of sand-
stone taken from the exmyon walls by a board of engineers in Decem-
ber, 1922, and in report of October 6, 1823, it is stated:

(I1] Vel. 8, p. 21)

The sandstons Nos. 48015, 40018, and 48017 are apparently of no value on
geoount of thelr lnck of cementing material and hl:l;ci:-umﬁt,r.

Glen Canyon sandstome: Light rod, fine graln porous, sofi sandstono.
There is vory little eermeonting material anid mnqum'ily little eoherence. Bome

aolt nll'n,r«:r cementing matorinl may have been lost durin nding of the thin
saetion for mi /! ﬁgfn .

study. The presenco of such material is very obfection-
able. Traces of indrarhnlinlnd material are pragent. 1t will pm

un,-ut wmthug‘ well mtﬂumy-mm wiug:ldumm, chiefly on umuntd Sk
tlr{::um:'::—luurl? :rfh.p.ﬂl! on muu possible presence of a
Considerable gravel occurs at the mouth of Paria River, immediately
below Lees Ferry, but it is doubtful if in sufficient quantity for the
construction of uﬁnrgulﬂm It probably could be used in the
liminarr work of lining diversion tunnels. ete., if found to be suita
Crysked.rock may be obtained from either of two sources: (a) The
Shinarump conglomerate, which occurs in the vicinity of Lees

. and along the east side of Paria River in a layer about 40 feet thi

of moderately coarse gray sandstone with lenses of conglomerate with
hard, weil rounded, us pebbles; () the cherty Eaibab limestons,
which oecurs in large goantities about 2 miles downstream from Lees

- Ferry. The formation is about 250 feet thick and it is said that there

are numerous places where quarrying can be done economieally.
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{[1] Vol. 8, p. 23)

In the sccompanying estimates it has been assumed that sand end
vel for concrete in the diversion works may be obtained from
the gravel bars at the mouth of the Paria. Concrete materials going
into the main dam, whether concrete or rock fill, and into the spili-
way for the rockfill dams are assumed *~ be manufactured from tie
Kaibab limestono, It is probable that the eonglomerate could be
converted to gravel and sand more economically. Upon the other
hand it is located at the elevation of the river, while the limestone
quarriea could be at a higher elovation, resulting in a more economical
delivery to the mixers at the top ol the dam. It is belioved that
material may be obtained from either source at about the same cost
“in concrets,” and it will undoubtedly ba desirable to mix the product
from the two sources.

RAILROAD T™O LEESE FERORY
({1] Vol. 8, p. 52)

There are two possible railroad connections for a railroad to Lees
Ferry: (a) From Cedar City, Utah, the end of & branch line of the
Union Pacific leaving the main line (Los gles & Salt Lake Rail-
road) at Lund, Utah; (b) from Flagstaff or Bellmont on the Atchison,
Topeka & Santa Fe .

‘The distance 18 lpﬂ:l'mtlj' about the same, but as the country to
the south ssems to less difficult the latter connection has n
assumed in the estimate,

([1] Vol. 6, p. 53)

The proposed location, in & gencral way, follows the w road
to Lees Ferry, 138 miles from Flagstalf “:J 133 miles from Edlmnnt.
On the Flagstafi quadrangle sheet there is shown a railroad from
Bellmont to Wild Bill's Ranch, 6 miles north. The suitability of
this road for use n’uﬁorbmufthemndtnlpeuFm]rilnntknnwn.
No location surveys have been made, as far as known. Distances
and grades used in tho estimates were obtained by scaling on the
topographic sheets which are shown to o seale of sbout one-fourth

. A dle =k @l Y P

h tas tha wilas Tk shald ha scoo o R
based upon very meager data, m?ﬁthnmmm;tﬁ Furreyum“:n:ﬂ
undoubtedly lead to the adoption of & different alignment and result
in an estimated cost varying considerably from that shown.

The estimates assume a standard-gage railroad built on & maximum
ade of 3 per cent with 85-pound steel laid on 7 inch by 9 inch b
14 feet green fir ties, without ba'"ast except where the frack is !Iii

on polid rock.
(I1] Vol. 8, p. 54)

Although not essential, it would be desirable to deliver materials
dam at the elevation of its crest. An inspection of the

graphic map and of pictures indicates that the construction of a
nﬂﬂﬁ along the river from Lees Ferry to the dam site would be

g
E

£
i?
;
|
:
|
:
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4 (east) side of the river at Lees Ferry at about clevation 4,000 feet to
& point opposite the quarry track tunnel which will be discussed later,
aterial would be transferred aeross the river to cars on the quarry
track by cablewave of large capacity, but the necessary gpan would
be about 4,000 feet, which is impracticable. In the second scheme
it was assumed that it would be possible to construct 8 miles of track
from about mile 125 to mile 15 on the %unrr_r track, crossing the
Colorado River just below the mouth of the Paria River. This
plan is consid the better for the reason that material and equip-
ment could be delivered at the dam site without transfer. Its feasi-
bility depends upon a practicable crossing of the river. In regard to
this point it seems to be Mr. LaRue's opinion that near Lees Ferry
bed rock extends across the channel at the surface, which, if true,
would simplify the constructiqn of a railroad bridge. In either case
the cost would be about the same, since the cost of the bridge would
be offset partiall J.'g the cable installation. The required h of
track is practically ‘the same in either case. -

Rﬂ!hﬂﬂlﬂ' FROM DAM BITE TO NMOCK QUARRY
(1] Vol. 6,p. 55)

The estimates aro based upon the pssumption that rock for the
- nr/ﬁ*thnrmkﬁlldm will be

manufacture of concrete ﬁm-a te
obtained at the head of Marble Canyon. On account of the |
amount of material-to-bo hauled it 18 proposed to build a double
track, standard-gauge railroad from the dum site to the rock quarries.
Beginning at a point 1,000 feet downstream from the axis of the
dam the line is built along the south (west) side of Glen Canyon at
theyolevation of the top of dam, for about one-half mile, C-nnhnuinE
- thenée at & —1 per cent grade through s tunnel 1 750 feet in length
and nln:f tho north side of Paria o to mile 014, where the Paria
18 crossed at about elevation 3,270, m the Paria erossing the line
. runs on a.nearly level grade to the mssumed limestone quarries at
. mile 1834 - If it is desired to reach the gravel beds'at the mouth of
the Paria a line could be built down the west bank of that stream.,

RIGHT OF WAT .

(1] Vel. 6, p. 56)

There is no definite information relative to right-of-way matters
It is believed that the reservoir occupies a portion of the E-nrnra,d:} and
hSan Junnhlﬂtt?t: T&gﬁ;ﬂi pru.;ﬁuﬂg uninhabitad, ﬁ nominal sum,

owever, has been 10 the estimates to adjust claimes whi
doubt will be presented. - * odjus R

&+

(T1] Vel. 8, p. 57
Untr Coars
1 .! .-': ! OCEMENT 3
Cost at mill (Riverside, Calif) .. oeo...ouooeeeceeenoo.___per barrsl.
Freight to Bellemont_______. Al el _sod Ja hetadl *.f'f.-da..l-:: ﬂ_ﬂ
Mﬁ; Bellemont to dam (134 cents ton-mile).._______ . da ... 3w

; o .
v ¥

L
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NOCK IN TEMPORARY ROCE-FILL COFFERDAMB
‘Boures of malerial—Sandstons of the canyon walls of dam sits

Qu.umllllfn:nﬂ loading rock into ekips on cars:
and blasting. .. ..o eccccncsm e naa=-POF Suble Fard.. 30, 45
Mueling, intluding derricks, steam shovel, and hand . _______ do.... +g
................................................ Basae &
Re and R do.... .10
T e i i e ik
Total, by solid meaguremeants. ....ccceeeeee cecccnenana- do.... L G0

([1] Vel. 8, p. 58)

Rnck in aoft sandstone, which it Is assumed will break up and very
tightly whan dmpp-nd from cableways. . If swell io the comp ut-ud fll 15
assumed ag 35 per cent (28 aﬂ cent volde) the resulting qul
of rock measurad inthe All fn. ... .. ccee..ooeeeo..pér cub :urd.- !1 IEI

Houling to cablewayn. . oo oo e cccem e o e eem do....
Plaging by mh!mrl..-.-.-.-.,-.‘....,.-.... ________ S — dd.... . 1-5
Total estimated cost in the dam . . . ccooooommnoccacaan. do.... 140

({1] Vel. 6, pp. B0-04)
GRAVEL AND COBBLES FOR CONCRETE IN DM\ “RSION WORKS
Souree of material—Gravel beds al mouth of Paria River

Steam-shovel operations. . .. ... oo euble e I'Illﬁ
Hauling to sereenin ‘Rh.nt---h__,___,-“.__-,.-.,...f ...... -

Oneration seresnine plant .0 .25
T T s s A L L B T O do.... .15
Hauling to mixing plant at river grade... . o oo o oo e do.... .20

Total estimated cost in bins at auxiliary plant. . cceceaeoodo.... .80
" BAND FOR CONCRETE IN DIVERSION WORKS

Assuming 50 eent natural sand
-~ E T mizxed with 50 per cent crushed conp-

Source of material—Gravel beds and rock ot mouth of Paria River
Nlittlﬂl sand same as gn."l.-....__.._,.-_,,,...---.-.pur cuble yard.. $0. 00

Q‘I.II-I'T']I and loading rock at $1.50 per cubic yard solid, 35

d.l---------,..._-_-_-_._...._-------. r euble - 7
~ Hauling to crushing L__,,_,_-------..-.----ﬂ-.-.-- 0. .15

on erushing plant, L L R —— d0.... .25
Eﬂl ...................... - ) T ]
______________ - Emas-Un.___ .90

' Hauling to mi:l.ng SNt e T W

Total estimated cost mixed sand in bins at suxilisry mixing plant _do___. 1 55

Wandluﬂn:mkﬂllﬂpwuﬂnyuﬂmﬂd.mw rent
in conereta. .. .. oeeeeaee . - ard..
tuurnh.i:l[ i-....__-_.___----.-.-.-------P.filllilf_ﬁu_,., H:Il

nmu“-‘ ------ 'lii-l--i--'--'----l-----l---l-lllﬂliil !ﬁ
El-ulI tn mixi 'phn!-..""":l-.i.muu"" t 1 cent 'tunau.ttu,""""""“ nds
pu'nn‘nhll:r ;uﬂ“ -:- S i:’uhhrﬂd_ .ﬂ

Tnhlllﬂmhdmtnlplﬂlnhlnlﬂmlﬂn;phﬂ ..... En".. LT0
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CRUEHED CORALER FOR CONAMETE IN ALL STRUCTURES OTHER THAN DIVERSION
WORKR

Sourea of materiol—La=-stone in Marble Canyon or conglomerale east side of Paria

ng and loading rock at $1.50 euble yard molld, 50 per cont
. e e S per cubic yard_. $0. 75

Hauling to srushing plant...ccccecccccccsssssnsmnnmnmnmn s o K0 e s 15
Mn mlhln:; T — do....

A e . LT |- ‘.I.-E
Hauling to mixing plant, 19 miles at 1 cent per ton-mile, 2,100 pounds

T R T T I L ———— per cuble yard.. . 20

Total estimated coet of crushed cobbles in bina at ml:in

- e i e -

Eln yard..

CRTUEHMED BAND TOR I:'l}'l'l'l:ll-'l'l II'I" ALL mum OTHER THAN DIVERASION
- wWORESR

Source of malerial—Iimeslone in;!u:‘;m_ﬂunwn or conglomerale easl side of

d loading rock st $1.50 bi id, a5 ponk
Iiu:rT.lr:; an ng n per cuble yard un;“ nuh-inmrm:l-- —

Hauling to erushing plant. .. ... e ccce e camnas PPN, |
Operation crushing plant:
Cruahi

o P e B e - - - e e e S S O

SRR

en

g
=
L]
h
4
88

Haull hmﬁilmphnllimih t 1 cent per ton-m'le, 3,000 pounds
ll.'l |:| ng [ per
l-'l-'d....._---..-_..‘__-_...--._.....----.-.-T-.perwﬁuyug_ef

. Total estimated cost of crushed sand in bins at mizing plant
it s el e i e st ----per cuble yard.. 2.25

s MIXING AND PLACING CONCRETE
ng: +5

T R R — we--ptr cuble $0. 10
Eﬂuh“m_"“““""""“"""""hwduff_““jﬂf :

Repaira.
o . T Y AT .
w-uu ............................................. O

=R8%

i w'-ff--ﬂ!---:i-i--r-------1-1- -------------------- '-'d'n-'-'-"

=885 &

.
' e o T R A A — N E— e .
— o
--------- N ———— i — " - - - -
Dm'ldlﬂnn...._....".--....----.-.-.....----...,.“----dn.-.- -
1 r ~ il e —
ry n
. 40

TnhL__,_,_-_;,,_:.__,,_,,,,__,_,,_,,_____"__,______‘_du-*___
on L

and _ L e gl EE TR SN ol Tveit T Y CHETELE- | |
" Pmﬂundm.-.-.--------: .............. d0eee. .10
R e

1

: TOAL < oo e oo e om e e m e e emmne s e commo P cublo yard.. .45
Mmm 2 bi . do.. 125
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CONCRETE DATA
(1) Veol. 6, pp. 65-66)

In the estimatos for the concrete dams it is assumed that plums
will be added in the form of comparatively large cobbles put through
the mixers. It is probable that the equipment will be and that
the cobbles will in size from 6 to 12 inches. The fi ing table
is the basis upon which the auantities have been caleulated:

Valda } Welght e
Val- | ey,
Farts Balidy, | Swall,
M aterial ikl ble | enbly | 1"""""‘
fest | Por | Cubte| oot | Tost o jeeviey| P | v | Tme
ool | el foat eratn
1 Derrels
Cament. ... il.. s S B 1) o] Les
| Oubde
Rand wd sl el aat cut sut-wl el o
i L1 i ¥
L1 s R :H 1"1'|'H| L0 a, , [N r) L Ah L5 AUk « 73
Cobbise. .. = M o0 L 1.3 &é2) di) 1A 1% b1 3
Total. ...... [ [i— (] m— 7 ] —
ll:‘nuhcmﬂh-l- maleln 48 mal veldl. Asmmed rednsed to 40 oot by
ﬂhw ’ _::m -*:uil:nuulﬂn:m In
the Suntm 100 melait b o pnﬂ.

Covrorano River Smum:, Lxes Ferrnt Dav—Lower Srre, Convep
Gravitr Trre Wit AProN

([1] Vol. 6, pp. 87-97, 120=123. Feb. 1, 1924}

Madimum pressure 30 tons square foot by Cain's Theory:
34,000,000 acre-feat flood con lndqim 0 FeServoir:
’[‘np of Eu-n pet, elevation, 3,747 feet. Raise in W. 5. 605 feet.
Top of elevation, 3,742 feet. Radius of axis, 1,100 feet.
. Normal W. 5. elevation, 3,732 feet. Outlet cl.pq.ut.j' W. 5. eleva-
tion 3,732: 100,000 sscond-feet.

Preliminary sstimate based on meaper data
[Frobahly to be incressed in socordancs wilh report on Black Canyon Dam.  (Bes p. 5.1

Thaes Gosnitity Ueit oot | ITiem oot | Fealors oost
mmi
... .00 oA na
ﬁ E o 1888
_' H
-1 30 pnbie yands. ... il [ 1] 000, (0
= v L e A% REE
em=| TEOOD emble yards_____ | HmEm| T
EFEE..* g e S 1
L Ol wralDa) #E!.ﬁ.._.. L4 E:

Earts Lo
I:WWHMM#-:_H’
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Preliminary estimate based on meager dola—Continued

Thams ecet |

Fealar oot

T — 3
JERERIE IRl d8| 2Es
drilicy wad e | IE
valves (0 Inch), 1 ol 10,000 poends... .- s .28 1, 800. 00
Pumpe. L ot 1000 peunda....| 38 pemnda...ooemnel - (00
o T mmpensan 74— st N Be

-nmm-tn-—r _

"3'!:.-'.-!".-;“-.

10,000 eabls yards......

0.0

-------

,,,,,, sEmrEmTs

-

o, 48e, 0.

; i
r .E:‘. 4 I ¥ I,-_lﬁ

(] indlr.
:-....La' 'ﬁ‘. ki s | &
el cemerwie o h.
r: -t —ll """"
.-'"I i.lHII ------ e b e B smmaa “-1“-'._“
'._rn- 2,100 cuble yards. .. nm | mamae
- plerw (1: l:H:l :
Eﬁmm welevation 3,73 | a0 suble yarda...... M 80 15, 70, 80
— mw ! lﬂﬁll:-t_. L 1%, I 0
Ousiung = B B ET T T 280 06
Traat t‘hﬁ'ﬁ tﬂn,—z:,. ‘e | Tlemw
ﬂﬂwﬂt’ 0,000 pounds. ... .0 13, 00 00
-m'-’."‘—.u.-u Mu L440,000 pound. ... 00 | s
Ern ot TN | 4040000 ponndh......... 8 | e emee
Ammﬁ...._.__u... e .8 3, 140 00
e MR Y -1
Unmar feel. e 5 T B
ﬁ'.'-‘? T veare-camm—— o 0
:; *nﬂ.nin— 11- T
T |
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Preliminary estimate based on meager data—Conlinucd

Ttem Quantiiy ' Unlt Cost | Item cost | Feature o=
i I
et works—Continued. B .
n{&:ﬁm—cm 1,340 sibde yards. . .I 3473 B0, . -1 |
Conoals. plattarms, slevation | 144 cuble yards. ... .. nrs | amem|
BRI pEs e e
unnr;*hﬁ.; ............. T T e 1,480. 00
Hllﬂ.mqﬂwpﬂm T T — I N ] &, 280 00
Talls, i:ﬂl-‘i 10 poands par | LA300 poaBdt. . .oeenemn. .00 oA oo
'ﬂ'l'-‘mlﬂ“‘?m 105,000 poonds, . ... o] o, 5000
Hﬁ. pounds abdp chad-
mﬁ.l[ﬂlmnlﬂﬂl 138,00 poumds. . .ooeeem- 08 1,480 00
___________ N ] i
#mﬁ“ﬁﬁiw::::_ - e Sy o | m Ao
Total, trash ekl 00F | .ooeeermrercenrosaaaas EF T | 6L, 070,00
suioee,
T e e
1Permanent outiel condolts— i
Seminthal linimg, 10,800 Ienr | 22,300,000 pooms..........| L116 | 2,804, 83500
:llnnilt!-,'I - ““‘_:n.. . 5T —— N 1, 7B 00
Grenting tehind lining_ __....| 1,80 | —— [ 4 I BE, O0EL 00
L e i ke e —— .......,-.+-| B S0, B 00
- 1,60 loesr | 2490000 poaddl. . coue. <113 T4, 0. DD
el im Pl 2,400 - 185 80
Oronting betind lizing .| 1,440 [ S— Lo 7, 300 00
sssaa m
Tow e b | ms e
Permanent owtat |
ﬁ.rﬂ Q7), & by @ feat | 1,110,000 pounds......... .5 77, EDOL B0
ﬂuﬁ_m (1E), & by © deat | 1,190,000 peunds ... . 380, DOGL o
Pressurs pamp srsiem o | 2enits,. e ees | 14, D00, 00 =, 000 0
Mesdle valves 72 imches, | 4,050,000 pooods, ... .34 | 1, LBS, 000 OB
Frelght aad e | To 10,000 poumds___ .. S| e, 10D
i —— L p— N R
TR r——
Haim
% L L a— 35 | 1meonoo
Prewars pump iystem 18 | Domf... . cococccnmnnes ==| B BODLOD B, 300. 00
imd] |nstallstion. ... .. &80,000 poatdd. . . ... T - 18, 320, 00
m““—rﬁ-ﬂ'ﬂ --------- e :- --------- "Lm“
Cloting sitloerwrars—
thar—
715 T —— [ TR — T 104 00
Concrits |n sphars (8] , | o cabile yarde. . ... ii'-'lin ‘L=E
'l-"mui mﬂlﬂ'% ..........
by U — g
I:au"mu plage 1:3%:8 | 5730 cabds Fards. ... % 12, 840 00
e | Geotimearmet .| s | mmoonm
..... R TTTT T — L L]
ﬂl:.ll'ﬁ".':-é:’r plags | 530 cubls rards. ... il L% L] DT DO
pare f-nee. B130Unearfoet .........| A0 | 258000
‘Total, closing sinlorweyy...|. . e o, LW
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Preliminary estimate based on meager datla—Continued

B Iam Quasiity Uit sost | Ttem cost | Feature cost
aﬂu-&—cuun-a.
Traak, 1,400 Hosar feat, ab 50 | 73,000 pounds. . eene-- 1 o, |3 £2, 884 08
BT . 180 ponods. . ..o o8 174 DG
____________ ——— = #0, DG 00
e — e A
: _. Total, track ancd erans. . e L CL T TP Ilnml“
FElevaior—
F. o. b, fastery, 3 st D000 | 50,000 pound). .. ccccaa-s 1@ a0, 005, 60
and izatalistion el i, o 2., 040, 00
e R TR S ol I S P 02040, 00
Total, cutlst works B S S PR - —— L i ettt &7, T, a5 0
i v 3 i
mmuuﬁu 8,300 ouble yards. ....... M | NLHLW
-2 -ﬂi-l:ﬁ@-# '
. Elsvetor towsrs and shafts | 2,700 cuble yards...... 4LS0 | 113,080.00
' ST e e

e e T T R 15, 000,00 | 890, 000. 00
R B 25, 000.00 | 7, 170, 000, 00
L E =T 55, 000, 00 | 1, 430, 000 00
............... | 17T [ W nm Lﬂmﬂ
| N T — aa 4.0 -3 L]
................ mt m&ghﬁ' t= ﬁﬁﬁ
mwth:l;-;'i?iimi ideach......... i) Léo| 54178000
wr_,.,__.,‘-“.._u.__ T i nens e nne s B0, o0 84, 500 00
" - Tolal track, withoot. bal- |38 en.encoereananeen | 1830000 | 200400000 | -
. R 1 " R 800, 00 000, 00
|~ g 0 E netagcitn ot S {41
,-:Ill'lﬂl: witer and soallng
Bldetracks, inclading (3 mbea. .o eeeeenn 11, 800 00 2, DOh. 00
3 awitches,
....... = . - — L - &, T 00
{7 Bidetrasks and mation bulld | 11 BRI ceanasieansnasa 25, 400.00 | 348, 408 00
__________ TunlE. e oeeeene.| L0000 | 14000000
und ol veris—
St Codorado River, 00 e 157, ool 0
Dther Bridpss aond cnlwets...| 1 S e - [ ] 30, L 0
| el i ¢ mat—— — t'uun 74, 800, 00
1:!:: muu%: 0 miles. . ... - 780 | 100000
% Ing rafivand froin rec quarTy to
darm, 105 mibes standurd guings,
! ma—um.._, ese| ILE mOBS. .o vcaee e
%m? -ro| 4008 cubte yuras...... o3| @mo
f e p L L —
- g Rongh omniry_ oo T mile. I a4, 000,00 | - 56s, 000, 00
&7 =
ST 1,730 et L e : .
g - - L | wm abea am| moonm| "
i 40 00 &mu
500 780, 00

W ui'n‘ii;iui'. ",
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Preliminary astimats based on meager date—Continued

i

Item Quantity | Uriteost | Tiem oosl | Peators comt

Rall, tles, tracklaying, bal- | dmies.... ... .cconsmmea £, 700,00 | #1014, 194 60

Hﬁﬂ-m
Wa—;—'"'"m‘ - 18
[T e -I:-i- ot B Y Y 1

wﬁ o n & e e m e e e B A ““‘ %HE

aoal chiste, 858, ... B T L st ORI

Hidings, m:ﬂ:...,.. T T — P 71, S, O
1919, B19, naa., 00
ﬂ-ﬁﬂ—,:;_,---:- ........................ T ETEN I wosssnns] B0, 00K, 00

“E« L e RV o] DO
T et L =0
TP LR A T S N R —— o 300, 000,00
T T ST U W — YT
Ademlaintstion, -u—r-hf. VY T . 2, 203, 00 00
TF% whia zeal ad dds Ll aloa Jagiis 13, 881, 134, 00
Y o s e i e e ] e s & e RN [ (— . N

Roce-FinL Dau
DEBIGN

The [ollowing is quoted from Mr. Wiley's lotter of November 27,

1923:
(1] Yel. 8, p. 30)

it Camon o 0y ety ot o w13 TR 000000 s opses B

yon necessary or up y ca y. Boe
B mmﬂwmmm,ﬂnﬂdhhﬂhﬂpﬁmhﬂu
material than the local sandstons, such as the limestone from Marble Can
and should have a concrets face, thers being no local material avallable either
for & puddle core or puddle face.

(1] Veol. &, p. 31)

The design of the section adopted for estimating the cost of rock-fill
dams for both the 10,000,000 and 34,000,000 acre-feet reservoirs is
shown in drawings 45-C-475 and 45-C-488. It will be noted that
the smaller structure is so built that it may be raised if found to be
desirable at a l}hn- dnta.pantf; ?}nd sought in the design is to provide
an impervious face sup ¥ construction varying gradually in
flexibility from conerete to loose rock. The concrets face is on a 1:1
slope, varies in thickness from 20 feet at the bottom to 4 feet at the
top, and is to be reinforced with 13¢-inch square bars at 12-inch cen-
ters horizontally and 1-inch bars at 24-inch centers vertically embed-
ded 12 inches from the water face. Itis proposed to pour the concrete

the rubble masonry with vertical joints about 25 feet apart,
horizontal steel to pass through the joints. The joints will ﬂhw
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« for some adjustment in the fill. No satisfactory detail has been
worked out for the apparently necessary ﬂaﬂbIaTElnmt between the
rock abutment and the concrete face of the dam. e rubble masonry
is to be of large rock (6 to 10 tl:r]lwﬂi) laid in Portland cement mortar
and chinked with spalls. This, with the concrete face, produces &
comparatively thick water-tight face. Due to the jointing in the
masonry it should be somewhat more flexible than the face concreta,
The masonry is backed up by an equal thickness of rubble of large
rock, which in turn is supported the loose rock The down-
_stream slope is somewhat flatter than is customary. The flatter slope,
with berms 100 feet apart vertically, was adopted to insure greater
safoty. . In a rock-fill dam there is a tendency for the rock to “grunch "’
“or roll out from under the load and it is thought that the berms will

sguard against this to a certain d \ . ; i
-~ In the type of dam proposed of the rock in the structure 18
‘effective at its full weight in resisting the water pressure which would
‘not be true of & dam with & center core wall. Upen the other hand
8 vertical core wall might be less effected by settlement in the il
than conerete laid on the upstream face.

{T1] 'fi’u:. 8, p. 32)

1t has not been considered necessary to completely fill the inter-
stices in the loose rock fill at Lees Ferry. The procedurs would be
~expensive as there is apparently no suitable material to be found in
its natural state in the vicinity of the dam site, and crushing would
have to be resorted to. - |
. o (1] Vol. 8, p. 38)

i II.iuj:.rupﬂodtﬂnhkamduttluthlluunmkumuchupnﬁhh
by playing jets from mlgd.m:ha glnntl on the fill dnru:g‘ the entire
" time rock is . It is thought that this, together with the
compacting affected by dmppmﬁi:ia rock from eableways, will pro-
.-duce an excellent fill and one w ﬁﬂhﬁmmpmﬁtrg;f fl:;gn.
excessive settlement. - :

MATERIAL FOR ‘.EIH.‘-I FILL
) (1] Vol 6, p. 22)

The Jurassic sandstone at the dam site is too soft to make a good
building stons. The nearest suitable rock is the Eaibab limestone
below Ferry. . :

T ((1] Vol. 6, p. 28)

According to Mr. Bryan, the only source of matarial in the vicinity
of the dam site for fillin the interstices of a rock fill {and the same is
ey fsiae (nady Boal Witk Gy, the basw oF the

 Mos i form wi e base of the

- Chinle formation (shales), and the landalide material south of Lees
Ferry. All would have to be erushed and graded. The first two
contain soluble salts. The latter is probably the most suitable as it
i= Mr. Bryan's opinion that, after erushing, & mixture of disinte-

T T
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grated shale and leached sandstone would result having a texture
gimilar to loam. Its use would prove expensive and, lacking experi-
mental data, there is no assurance that it is suitable. For this reason
s type of rock-fill dam has been adopted in the estimates which is con-
structed entirely of rock and conerete. How

In large masses the sandstone of the canyon walls in ifs natural
state rosists great loads. However, as pointed out by Mr. Bryan, in
a rock fill some of the blocks will be forced to bear very heavy loads
while resting on & ﬁnt rather than on o flat surface. Such rocks
would undoubtedly be crushed. Moroover, a stated by Doctor Ran-
somo in board roport of Decomber 20, 1922, it in helievad that the
disintegration of the soft sandatone in the fill would result in n set-
tlement groater in proportion than ordinarily occurs in rock fill dams.

In the accompanying estimates, it has agsumed that sand
and gravel for concrete used in the diversion works may be obtained
from tho gravel bars at the mouth of the Paris. Conerote materials
going into the main dam, whether concrete or rock fill, and into the
:Ea'llwqr for the rock-fill dams are assumed to be manufactured from

e Kaibab limestone.

OUTLET WORKE

([1] Vel. &, p. 35)

Waters would be conveyed around one end of the dam by means
of & 40-foot diameter pressure tunnel lined with reinforced concrete
aﬂmpﬁlédhjmmnrﬁ%ﬂmuhmnndnmghﬁmdmﬂ%m
large eylinder gates at levels, and these in turn supplied
horzontal in tunnels into the canyon wall from a trasl
rack structure ing the th of anticipated reservoir
operation. Water be con from the conduit to
72-inch needle valves on the face of the cliff through 7}4-foot diameter,
steel-lined conduits. r el v

While a shorter conduit tunnel eould be obtained by piercing the
“neck " of rock at the basa of the loop of the river, such & plan would
involve placing the tunnel and valves in the Chinle formation which
would not be desirable. ;

BPILLWAY

([1] Vol 8, pp. 40-41)

flood-control storagz. _Their "E:?m'_'if would be 180,000 second-feet
with water 10 feet below top of dam and 300,000 second-feet with
water at the top of the dam. While it would be feasible to connect
the g‘lﬂ_ﬂ"iﬂfl the diversion tmdl‘::E "pi::ldfi:ﬂmmnd
construction for spillway purpe a n discarded
uﬁnghﬁ?ghmudvéodﬁumtwﬂdmﬂt

26383—8. Doe. 186, T0-2—12
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CONBTRUCTION PLAN

([1] Vol. 6, p. 45)
ILI. ﬁnh'ﬂ-ﬂ‘ o ka{I'I Amrr o Al Ana l'l' 1___]_‘_!9'"_!_!‘5‘ m!"'
? dnhbarnhlrb;tﬁmnumthnmmud;m and the diversion wo

have thersfore been planned for s capacity of 200,000 second-feat
by means of six mnurubu—hund 35-foot diameter tunnels, each 3,850
feet long, :gb gh the “neck” of the river bend. The coffer-
dams mm uilt u iur the concrete dam except that a lighter
eofferdam would be provided below the main dam.

ah (1] Vol. 6, p. 51)

Inﬂunflhamk-ﬁ]ld-mlthpmu:hmufp] gl-.haﬂ.lﬂmnn

tunnels would be sbout the same as in case of ug::

except tthumndmh would be built in the tunnel plugs l:hm

selves. . In this case six tunnels I.I"B proposed. In low-water season

hura{thtmmuldh E both the conduits to be closed
‘means of a ball nﬂgmuhmughthn plu

e rémaining two diversion t.unnuli WO plugged while the
charge was carried by the mndmtu pmﬂdad

{I‘IF]_‘_F_ﬂ!-!.-H- 55, 56)
RATLROADS
The provisions are the same as for the concrete dam. Ia the case
H}nml;-ﬁﬂdmn:tmyhthpunhhhuﬂhnthulptﬂwqmﬂ-
els as railroad tunnels during construction. However, considers-
- tion of this plan leads to the adoption of a separate railroad tunnel.
The spillway tunudamg-prmdmwu velocities'and are
. too low for use by the . It is considered advisable to keep
-~ the railroad tunnel above the elevation of water surface in the reser-
- voir in order that the dam may be accessible at all times, espocially
iz emergency when it might be desirable to add rock to the structure
" in large quantities. ]
2 T PR R UNIT COSTE

(I11] Vol. 6. p. 58)
) ROCE III' LOOEE=-ROCE FORTION OF MATN tﬂ(‘l-l"l‘l..!. DaNE

. !nurudmdﬂ'lll—-—umlﬂnu in Marble Canyon. Per
Qumﬂn;udludl Into skips on carm: eable Fard
&Iﬂn for temporary colferdams_ . ... .ccccceee IL i
llﬂl-mtutllﬂmmmmkﬂﬂhﬂﬂdl uub:lTank
. of rock fill ﬂnluhhﬂlw ]m'mt? )
mltln&lm intha fill la....cvcecae.-
EH"I:-IH‘ site 19 miles, at 1 cent per ton-mile, 3,000 pounds per 28
“ ﬁ nnnnn 1.:..-....- ------------------------------------------- Ll
R B SRR e e e e i i i i . 18
ng I:rrlutll.ndmhnﬂhm. .............................. 10
Tutﬂuumhdﬂutl:nihdm .............................. 1. 53
1'.....-------.--......-..-__“_‘____________-........___-- L 60

b



COLORADO RIVER DEVELOPMENT 173

(f1] Vol. &, p. 59)
BROCK TN DRT-RUBDLE !I'ﬂﬂﬁ:lll OF ROCE-FILL DANS

other. Increased handling offset by less shooting. ..o v oeeeeeeo £1. 50
===
It [» assumed that by eareful n ﬂdlmhmﬂﬁndhmm
cent. 1 eubie of rock therefore bulld 14 eu
b yards rubble. resulting q coet of rock in the wall.. 20
Hauling 17 miles, &t 1 esot per loo-mils, 3,000 pounds per cuble yard... .35
T-anaporting roek to WOTK bY CADMWRY. - o~ oo oo smemoe .85
Derrick — 4 — = L 25
OpEra I ey e L DL Sl ol
g e s——— U S ——— « D5
Lo T L e 2 lg
moving derrieks, M0 . oo cnms s «
Pt eeslalioh. . .o ccccccnnsasasaensnenensn - S ﬁ
Total estimated cost in the dam. .« oo oo ccaeaaaes P — 4 20
REUBELE MABONRY PORTION OF ROCK=FILL DAM
{[1] Vol &, p. 80)
Bource of material—Limestone in Marble Canyon,
Quarrying and loading:
Same as for dey rubble. .. e eeecen e Corar i $1. 50
f——— ]

It is assumed that the masonry will consist of 65 per cent rock and
m cent of 1:3% mortar. Then
will bulld 1.54 cuble yards of dam. The ting quarrying
Bl e 1 o e oottt
a 1 at 1 cent n-m . per yard... .
Transparting to work ffm...___---_--.,_-.--,..-----.--- . B5
Placing—sams sa dry rubble.. ... oo ccccciccncnccncnnnns T — 200

Total rock measured on dam. . oo cecceenccccaeeee 390

g
i
i

" 0.35 L.ls:l fﬁ: of
eabis
Cement u"ﬁ‘{ﬁ"é‘bﬁ?jﬁ“" ........................... 2 11
BandO.8T By 035 by B, S0ii ... cinieiiiiaranbibnmeee o« DD
Mixing and p Ry N e — L 25
Total mortar measured on dAm . ..o .ceeccccnnasmneresssess eec= 4 0O6
Total estimated cost masonry In dam .. oo eeeecccccnceae 1. 06
T TN TR S SR ——— P . T - a oo
Covorapo Rrver Bromacs
LEEA FERRT DAM—LOWER BITE—EOCE-FILL TTFE
{[1] Vol. 6, pp. 127-125)
124,000,000 mere-fast Bood contral and rrigation reserrolr]
Top of muon&lﬂ?  { Oatlet ty, water surface eleva-
Top of 3, 43 f 3, : 1 second-foat.
E:pm.'mﬂ__ ““__:h_'ﬂﬂ liLl'fA;_’ __._ﬂbn__l.a_t: 3. T2 Eylﬂri:li?mdhﬂ :. mlm mlava-
et tion, 3, + 300,000 second-foet.
Eaise fn water surfacs, 805 fest. I
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[Prebabiy La be lecreassd ln sccordance with Colorudo River board report. (Saa p. 23]

[Basad uposs meager dota)
T « " T | Quantity Vot cost | Toem oost | Poatore onet
l'—'m.ﬂ:r fihoely marh
L T | #ibla | BB, B0
¥ Mnafn tunnel, acervstion. . ._...... I (] [
| L aesi i | JRRE
Mﬂ-m,:" ']-Hn ..... . %H LEEE
Tannal e I TN 0 2 o
m‘m PO LT T T e—— sscess| 0D Uneur fobl.. ..oeeeeee T 00 Eﬁ#
Hullm.. Lo :::::
T o b bk T W B
Total for dlveralon Workl. .....ooiessssnsnsssssssnsns 08, 0. 00
[ T T T T T —— yurdi. .. "] [
ot L ﬁ:ﬁ‘. =1 s [
o o e B 1 T = et I 1 ﬁﬁE
m“ﬁ = mama smmsummama I ]
Gm#l: r8: 914 miz, 8,83
Piout sonarse. .ot S0 et o] 8 | RELE|
St rak, S 5 ey el {.ﬂ_-ﬂ-:ﬁ.- Lo E.ug:g
i — g ]

— : . g

?ﬁ:ﬁ-ﬁ“ 0 e e Kie| ambee

1 pladn..o....| 5,500 suble IEIE BT Y 0,

T iese T LB REmE

 EEEEE B 8

po ot e I

" et ot eeerech ] K400 o | 08 o

R e b f.i'ﬁ:
S ot | I e—] " | SWB]

I N WL - " 2, 318, 860 60
_‘m:r:r'&.—.-;— Rt 2 BRS
L ﬂﬁ%’m""ﬁ:ﬁ: 124 | Bt 0og 0

aodpiley lhisg - mimateva ] Rl | i e
: vting WAt sd'| & 20 linear et | 48| 4t
nmuu-_,:__'..,. -.-xnm__.... 0
B T S e W
" Bumnistenl Hning 80 gathrre | SN0 pounds.orreeess| 13| e8|
Total, taanel. : F i &b e

P
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Preliminary esiimel~—Continued
[Passd uwpon mesper drial

Fimas Py Bt Timds gk Tihiprem o P T T
Fisem Cmaniiy Thats ek ! Thury pred 1oy
anillnks! i
A L E R —— R T L L L S S 4, 8500
Kreavpllon, shal ard gallory. .. ... L5300 culsn ¥ardd. ceee. ax 1] Tl 20
Concraba, rash-rack plam,reinforoed. | 20100 cuble yards. . ... M fal), TS
Bl Mmlng In ecomdulis, . oo T, peunds . e LA KA, BA3
??ﬂﬂ:ﬁmﬂ Inl-' TTE—— mw TS ESE, ) B, oy E};&g
] [+ 17— Pﬁ-ﬂ'ﬂ-l j ;
4 = TR ki e B B0 U
_________________ lt!.ﬁl.'l 20 N0 G
B oy p et R A————— N—— ——————— - - -
Cloaing tean[Erary culleis—
Conerals PUEY. . cocceccsnsnanas Soill GBI TRMIE. .. ... .. 1R. 2% a8
Prepering nrl;u.:.. r ey : E ﬂ :ﬂ:.r
s = — v W vl B
_____________________ I ———————— —————— i . T
il R L TR e N e e P L] RS | B ES Em
Bplllwar: |
Excavation, BB i e & o 121,000 eubde " RIS L5 | 181, 500.00
I-'I'Il-'l"ll‘-}ll 1) —— N e 151 B0
El.ﬂ'rll:lul (1511711 TE— < T 10 T | — Loj % 00, O
Conerele—
In ereats, Hght relaforeed ... ..... 7,000 cubile yards. .. - L3} L ETRO0 |
Flars, walls, POl Or et paa | 10,400 yards, .78 e, 200,06
‘Tunnal lining, plain.._....... : ﬂ#ﬁ’;—ﬁ‘ s - ﬁ 5000 -
bl T ] "R cate
| A —— --| T eubde yRrds ... .3 o i, £
ﬂwullu FTE T T . € 17— B.on T4, D, b
- I.I_.......l.................... i e 1%‘2 _ﬂ.ﬁg
s e na e ] v
e e 1 s Y M 31
. Muaﬂ'nm A % T T T ——— A 1L e
i TN
ﬂifﬂulllllhr’:mrrd.l-.. - I
Com el On CBIOP. . o e oo cssnsssmsnss
L lmprovemante
Cuartams for ALLAAARREA. .. oo ae
Tower plant for local uss. .. ccoeeeee
Dight of WO¥. e oy
TolafNaldnewt. .. ... . . ...
A dmi angl .+ amd pone
2H4 per cenl. . . :
T-::ll dht'liﬂld et et T o e e .....".,.._..,."_5._“-“":“--..-;“; TRELRTLN
................... ik 4 . o0, 500 08
i !

{[1] Vol. &, pp. 10=-13)
Colorade River storape—Clen Cangon Reservoir—Concrefe deme—Summary of

prefiminary ealimaler

JCampumilre of reseryoiry impounded by damos with vorloas Jimitin fwnillhn mes at the
lom e Lasa dll‘l!l #la. Huu:nrl!n- Hl“ Bl on & curved I.H.I.! ad G hs
‘“"" ""‘h ..."1’.'.'.!"_"." produte ths rinimum pos mh_J'!E'E“ — -... "“’" '” the glven
b-.ﬁ mﬁ:iﬂl_u-lmﬂ- I.-l.IHI'I-.I..-mP“ D.HH.I.I._

A B | ¢
28 | 8
= 20 oTi4 ]
otal mtooupe 1 e amsae MOTREIBO. | 19, 000, OO0 [0, 000, 000 | 34, 000, (00

[verslon wor eofferdams and Lhres 380l horssabos l

-udhm-ﬁhm:q mn-ﬂﬁmi o | s orn0m | 6 125.000 | 80, 457,0
gt~ o eismdiasssion e 2 0 a0 | a0 134,00 | 7 117,000
L4
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Colorade River slorege—(Fien Canyon Rescreoir—Concrele dams—Summary of
_preliminary estiviales

o —————— R 5k — i e

|
A | I ! C
] H
B o eyu— el —
Wtiel woeks imetal-lined condunlts theengh dam, dlsehnrss eon.
Tredled by ST 0A mndd 18 mne 23 (2] T2-och neefin valwe on Ao
HTERIIT R e i b s mmm = RS 458 4 e Bt Mo B M B4, M5 0o | 48 459 00 | 47, 772 nan
Lplilwsay (rxlea Lo rales s ol sbushments to ol abimorema) fimesls |
B ot e B, s e N N . mliml T, 5T,
Ralinma (Isclullag 132 midrs feom 1telimont, aear Flogsinl, to lavs

+Ferry, snitching YRros amd S . . .ovessvsnmcn e ione s rmnsan | T G55, 000 | T 655, 000 | 7,65, 000
f'f'l'!?ll-l'ﬂlm rﬂlrfn.q: (leam [linnstnne quasries nt hand Marhie Came | '
¥a0 Lo Znim slte, IRLg miles of deaBhie-Lenok HEm) . oy wreeeessoxnsse] S B, DO AW 00| 2 Hﬁ

L PN I . - e o i S e s st B, N S04, 100
FE;?“HTH 1T l:urlltlll :lﬁ?&aﬁﬁ”?ﬂﬂﬁ ;ﬂn T8, b ¢ 5, TS, w00
" 1 # > L T !
A - S p-assi| 3B
Total extimated Meld oost. .. ....oeeeceiece oo e eeien| 32, 882, 000 | 02,088, 000 | 103, 413, 000
Adminlstration, onploosring, and conting ocies, 2254 ner eant.... o ﬁ'.m.m u.mm 2, 08, 000
Totil astimated cost (axelusive of intorect during racstrueting),| o4, 388, 000 | 77, 223 %00 124, 281, b

S i W ettt S SRR G4, 500, D00 | 77, 500, 000 | 126, 500, 000

The above estimates of tho dams includs & conerots Sprom o * Busket ™ nt the downetrsam i for the pre-
tection of (ha st sandatones against his Bow orver Lhe top of the dom. Oo drawing 43-C—23 the
|ﬁ|=‘n;:tmn-n, for the rensco that I8 01 pol Inoiaded in the dasign af the dam seetion & olther preducing
ar oadr,

Colorndo River sloroge—iilen Canpon Reservoir—Rock-fill dams—S8ummary of
prelimanary calimates
[Trobably Eo e Insronsed (o ascerdancs with Colarads Miver Donrd repel,  (Bos po 53]
[Camparatire eaat of resorvolrs hr-mumtu" dams st l'I;Lhwﬂtl.au Furry dam site, the smaller dam

bei g B0 bullt thist it pen be mised |nisr im based upon meager dais. For
umh:irlm wlth eonerota gravity dams of same hmmruuul:u!:-.n.,n.mi:: onder Conerare

Dinmas|
A 1]
Ll i S ool 412 eas
Eirvation, top of I e e e e e o e 3, S0 1,72
Totnl storaps. ... T = wmmmssmansmneee e Ei-fenl. | 10, 000,000 | 34, 0OG, 000
Diverslen works (rock-A1 aofMerdams and six 35-fost borseshos tunnels dEspharg-
Ing through mece of hersaabos hmdl.nrl.m{ﬂ-mm-m:}j_ ....... 510, D, 000 | £18, P34, 000
-Aber {ocluding escovation, Joose-rock A1, dry rubbls, nebbls IBASOAFY, Sonersis,
LT T T EER T 41,000,000 | &1, 753, 000
Dullel woric: (dikion: horseshos prassuse tuntial in Tock around | hboiment.
patrance somkrelled by emerpency cylicder gaise; outlst controlied by feriy
Ti-imeh weedls walvgs along moyon wall dewnsirsam bom ol dam).........[ G408, 000 | 9 224 000
pillway (4 movabld drum gates an cobersts weir inte tinnels
me mﬂdhmmmurhwtuhrm(?; ssonnd-feat) ). .| &40, 000 | 4, T, 000
Rnﬂm1 ﬂufudlun milas from Dalimoot, noar wiafl to Loa Fery, T ]
P RLCDATE YRR, SO0 BN v o o e e s et e 5 g e e e o ; !
rallpead qunrriem ut bead of Marbls Canyon to -
dam 'ﬂa 15k miles of dou | S ———— 3,064,000 | 2884000
Cormg " Imnprﬁp"' ““_{'l'.r'niilﬂ. Bl e : - 5, 00, (0
nt for Tighting and oper uuh“u"l-. B 74, 000 oo
lﬁldml;h—-ﬂ—ﬂl . -l-r:r;“--r-u L1 l-l-l-ld-—l---f ------------------------------ mm ﬂm
Toisd stimabed feld oo, ...0oeeennns.s L R L L cmmemas) T0, P10, 000 | 07, 048, 000
Adminbarstion, soginsering. and 0oBLIOZNOCIM, TE DA BOEE. ..., | 17327000 | 22043 0
Total estimatod cost (exclasive of [nterest Auring coastroetion). ... ... B, B34, 000 | 120, 00 L, 00

hunlr....u._-.........-._--.---..........‘---,,.,............._--.,,.."... B, 500, 000 | 130, 600, 000
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Mansre Caxron Resgrvorr Site

A suggestion has been made that a dam be construeted in Marble
Gorge rather than at Lees Ferry in order to take advan of tha
narrower section. The following is quoted from Water Supply Paper
No. 556, pages 52-53.

Tha so-called hridge site s in Marhle Gorge, 414 milea below Parla River,
Here tho depth of the en is 400 fect and the dislance bhetweon the walls at
the top ia but lttle more than 000 feel. The sile is eaxlly mcceenlble from hoth
aicdea of the river, and the conditions are favarable for the construetion of o high-

way bridge st this point. (See p. 22.)

?-;. July, 1923, the writer made & thoroogh study of this locality to determine ita
wlwu{ti" & alte for a storage dam to utilize the Glea Canyon Basin. For this
¥urpm ¢ water should be raised to an elevation of 3,613 fect above sea level.

t waa found that the walls at the bridge eite are of sufficient height to it the
construction of such & dam. However, examination of the rock formations in the
eanyon with R. C. Moore showsd that the canvon walls at the bridgs
gits include practicall all of ibab limestooe aod Coconing sandstone.
It follows, therefore, that the river has cut through these formations and that ite
bed is now in the soft Hermit shals, which underliea the Coconino sandstone.
The Hermit shale consists of soft red shale and thin-bedded sandstone and is
unsuitable for the foundation of & high dam, In Plate XXIII {s & map of the
o e e of Malneariest Hhaeiin Cirous il s Aompth i Apwmndis. 3-in, 190

Eo0 L] -
Mlhnn;ﬁh ¢ map of the bri site, it would not ba bla to
build & dam farther upstream, because the are too low to su o dam of
the required helght. About 2 miles above the bridge site the f on mﬂgbﬁ
favora but tha walls are low, and & dam of the maximum practicable height

would create & storage o raltr of lesa than 4,000,000 scre-feet cod would not
permit full utilizaiion of the Glan Canyon Reservoir aite.

Coumeste o8 Marsrne Canvon Dam ror GLeEn
Canron ResEnvorn

(Pp. dbS=i8d of Hearlngs on 8. 73 and 8. 1570, Tanoary 17, 18, 1038)
GEOLOGY

It will be noted that Ransome is not quoted as saying that the sita
is favorable for a high dam.

UTILIZATION OF RESERVOIR

A capacity of 11,000,000 acre-feet is pro for “flood comtrol,

igation, or power development, or the may serve all thres
needs.” The capacity indicated is barely sufficient for flood-control
purposes and can, therefore, give nng.mmur benefit for irrigation
and power. Ita c&m{t{iﬁm-mﬂ t silt will rapidly reduce its
serviceability, A that of 1884 can not be controlled to
40,000 second-feet with a capacity of 11,000,000 acre-feet; and with
the small walve ug:n:itg proposed by ue, high overflow dis-
charges are inevitable with the structure outlined.

TNIT FRICER

The estimate by LaKue is based on a truck haunl of 125 miles.
Assuming that the trucking contractor will have to do very little
toward road construction, it may be found possible to get such
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hauling done for 15 cente per ton-mile. Cement haul would then
cost as follows: .

Costb por Gon for 128 mllon. . oo e e e e e e e e e e e et $1B. 76

Cost per barrel (380 pounds) for 128 milles. ..coceaceen cocecrmnnena- 3. 60

Cement at the dam would then cost as follows:
Coment at mill (800 P 18] oo oo e oo e e e e e e e e et e $2 00
ht to Bellomont or T Tl L . B4
LT il Rl el AR - 3. Eg
Cost per barrel ob Job . e e e ecce e ean 4. 50

With arch design as contemplated concrete in body of dam will
nmt fully 1.25 barrels of cement per yard of concrete. :
allue~Jakobsen estimate shows a cost of $0,553,000 for 1,370,000
cubic yards of concrete (see ch 462-463 of the hearings on S. 728 and
8. 1274) or $7 per cubic ya The cost of cement alone wouldl be
13 X 86.50, or $8.12 per cubic yard of concreta. !
e Similar deficiencies are apparent in other itema.
The following is & comparison with costs for & dam of about equal
storage capacity at Boulder Canyon (Black Can site), to be in-
creased in accordance with Celorado River Board report on Black

Canyon. {-Egu p. 53.).

{'F"“ gm'
AOF0O, tor
" by LaRan | pirel only
Storage L v 1 I N O T 1 poo | 1 o
Ralss In 'I'Il-l-l'l:’ gl sabaitbalin i i i Tnat... ; m’m .'m’l!.
L= ] T e teininisyisinininii i — - J 1,370,000 1, X3, 000
Fm:r;; ....................... T T ....... A i siato B4, 518, 700
arsAvatlen.. ... o R
Comtrata 15 tutn. oiudles ssmstratiion raiband wbighaw =1 ﬁ;m it
Valves andd spUIIWEY ... .coccamsmene e nmnnaas e 1, u.ﬂ &éﬂ
Pressirs T A X R 1 ) WL ﬁm 31
Camps, B, SODUBEITIEIN.. . oo e e e m e e mnmn s e e e e s s %, 184, 000 & 740,003
po R | 17, T3, 00O 5, 190, T30

! ¥-mils hanl for Doolder Casyen, 125 miles for Marble Canyon,

- In view of the fact that concrete yardages for the two dams are
almost identical; the fact that bed rock depths should be less at the
site of Boulder Canyon than at Marble Gorge site by reason of the
harder rocks at the former, and the much greater distance from
existing rail connections, it would appear that the estimate for Marble
Gorge was gotten up very hastily,
Momave Vairer Reservorr—Torock Dam
LOCATION
(1] Vol. 7, p. 80)

Mohave Valley Reservoir site is located on the Colorado River in
Anzona, California, and Nevada, with dam site in Mohave Canyon
about 214 miles below the Topock crossing of the Santa Fe Railroad.

dam site is about 120 miles by river below that proposed for -
Boulder Canyon Reservoir and 200 miles above Yuma. A reservoir
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F_' g3 i, DEPARTMENT OF THE INTERSR
BURLSU F BICLABATIOHN
\ COLORADO RIVER BASIN

MOHAVE VALLEY RESERVOIR SITE
PROPOSED RELOCATION OF
ATCHISOM, TOPEKA AND SANTA FE R R
1M VICINITY OF MEEDLES CALIFORMNIA
[ : ] il . L] L] & i il

ke § " [ B [JL PR
L N R ]
e | DS haea Pl SSEe WL AR

BT AN
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{[l] Vol. 7, p. 100)

It is assumed that 1 cubie of solid rock will build 134 eubls yards of
rock fill dropped from en 8 (3344 per cont voids). The resulting
mmarrying cost of rock muum:i gty [T v T . £1. 00

Haullng to eallomays, .o e cccem e e - 18

Placing by cabloways..........- ] .

Total eatimated sost in d&m . ____ o eimm———————— 1. 30

Gravel and cobbles for concrets:
Amsuming that & suitable gravel deposit may be found near the dam
Bi b—

Stoam-ahovel OPITNEIOD . - cc s e eesst s i em e s a . -15
Hauling to screening plant. .. - coveeeoecommcocmcccccceaaaaa « 18
ﬂ hﬂﬂdm M----lla-l--------'I------—-'-- iiiiii PH

R S A L ) I « 15
Hauling to mixing plank.....cocceeieccccccnccccccacacecaes 30

Total estimatad cost in bins at mizing plant. - cccecceae-o. . 00

Assuming 50 per cent natural sand mixed with 50 per cent arushed
Natural sand, same as gravel. . .cceccmmccncncccccmnancsscas  « 30

Qq.ﬂvl Mn:mtntil.lﬂpnmﬂurud.ﬂd.ﬂpﬂ

- g sl .Y

En.uuuw qmun: il'-ii""':-::"""---- A I T
) +([1] Vel. 7, p. 101} '
ﬁpulﬁdn of uuhlu plant— e

---'-'1-'1-...1‘..'4.“‘.-‘.-a.----'---'--'-r'r-r-"‘——d---.------

------- ..-‘.u.-.-q.--.---------'--'-‘l-'i-I‘l-‘l--'-------'--'-

L .
Fl.m_.._-.---..--._-------------l--ﬂl-l--n-'------- .« 1B

Plant,
Hauling to

.
Tnhi.n'ulhﬂ L .l iy e g oo o i i~ = & 18
Tnm.uﬂmpﬂmﬁdmtndnndinhlulimiﬂn:ﬂmi.-- 1. 6O

RS

= A ([1] Vel. 7, p. 102)
Hl:hmﬂml placing concrete in bedy of dam:
uw.ﬂu---------d---i.-.ll-----------------1------------------- 'n'-

Powtr.cas== i e R B T - e e,

Rapaira. o nnssss s csm s s s ———————

Wlhr. [ —————— e e e TR T DT L DL L Ll Ll e L L

Plant depreclatlon. . oo e

DN AN LT et Lo Ry
 Cableway haui—

mﬂm.' S rES S SSSSSEE LR R R SEESSSSEREEaE ™

B8285

- - - = -

I"_- e D o e

Rapa
Plant depreciation.....ccccccicmccmncncccscsssnannnsnnncnan

REER

e ——

Tﬂﬂ---'-rr'--.-—-.-——d---------------------r-.-—-!dp-ql-------.--.--— ] M

Flacing on dam—
%ﬂlﬂlﬂ: 'Inﬁ ll:it!i!a'------~u-n---------------------"--- : ﬂ
mpjﬂ‘ “ u‘-—------—---- EEEEEETETEE RS S == : 1“

Bl = o e Y

T“m--.------.------.-.-h-.--.--.--_-.-.-.-.-.--.-d----.-------i-_--_-q.- 1 E’u

R T S 1
I Highur uni# cost ﬂu-n;nlm:l in estimatos for much larger dama farther upstream,
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CONCRETE DATA
([1] Vol. T, p. 103)

In the estimate for the dam lt is assumed that %lll;nn will be added
4 .

in the form of comparatively large cobbles put "fh the mixers.
Thnm#mﬂnmngmmthamnmum assumed as follows:

Ingredient Amoast par eohle yard conarale
=L =t W et S ,4 1.09 hlnl-'h- pw eable yard,
. -
Oraesal ——— i on ubu nﬂ.
(a1 I ———— R LR

{[1] Vel. 7, p. 118)

Cotorano BErver Storace, Momave VaLLEY Emvum-—ﬂunﬁ
OvERFLOW Daxa—MomavE Canvonw Dam Sire No. 2

_ [n.uu.mmun—l-udwdﬂ
Top of pars ,lhnﬂunﬂlhﬂ watar surface, elava-
Wﬂdmrﬁmu dhﬂ“ - ﬂnn feet; nwnd-fﬂlu
way on
v o v ;32"‘ iy T

bt
Raise in water surface, 160 feet.
[Probably to be inersassd o sccordasoce m%mummnu:mm (=™

- Item Quantity TUnlteoat| Total soit | Bummary
Diverslon works:1
B amses T and TL. At partals eubio pards ww| #0000
g — %.m,m_ %% | 2 95, 0.0
Class i eenzmee [T ) T | — L& i, 200, 0
g e — 2,800 publo yards. ... | 0o 18, 400,00 | .
Tobal arearalion. ...cou. : S — - Y
Cofferdam at tonnsl sotramos. . ... 00 Klmanr boat ... 4 43800 | A& EOO.00
Croeraks—
Tmﬂm_ldu.!lhﬁ-:: T b
oo E.'m ------- . 100 | M, 4000
Hand "800 yards.....| L80| 41,000
m ..... &Edﬁn..ﬁ N ] 44, BT O
i TR oobio | iﬂ %Eg
e Pt - 18| @@
ot T T TR T ——— o [——— o1, k), {0
&2 400 cuble yarde .| 1200 | - TWA B0, 00
Tunmal {1304 80 3M miz)— |
R i o e o i l'-'lf — e S, T8O, 00
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Preliminary eslimale— Continued
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(11] Vel. @, pp. 1-T)
Cnmer ENGINEER,
COMMIBRIONER,
Colorado River Slorage:
1. Investigations of the Colorado River Baain were staried in 1004 by the
Reelamation Service with the view of augmenting the water supply for irrigation
in the lower valley and to provide control of the ever-present f menace in the
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delta region. Prolonged investigation of the upper basin. indicated lack of
requisitc storage at reasonable cost for the Hmmgﬁ:hmmt of the desired enda,
beoee investigations of ltﬂw In the lower river were taken up. After a
preliminary study of the pro and s reconnaiseance of the river below the
mouth of the Virgin, work was concentrated on the bettor dam sites in Boulder
and Hisgk Canyons in 1919 and therealter. " ' :
2. The primary nvlﬂnt was the control of the river for irrigation and flood-
control purposes, th the progress of these investigations, large amount
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of power that eould bo developed without interfering with the primary use of the
reservoir {or irrigation and flood control was soon realized. 1% was soon found
that it would be possible to develap power at the dam sites considered and that
this power could be sold at a price suflicient to repay the entire construction coata.
In all these studies the power problem waa considered only aa incidental to lrriga-
tion and flood control.  Studics were Intgely cuu:an'l::tt.ﬂi at the Baulder Canyon
Grsreodr sibe w0 wie dounad bhed ooguieibe sburage eould be obtained there at
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the lowest cost and that this development could be made without Interfering with
other development on the river.

2. A preliminary HM A %mw was mads under tha heading :lm“ﬂ
of the Imperial Valley and vicinity ” in 1922, by the then Director of the Reclams-
tion Bervice, Mr, A. P. Davie. Studies of the problem continued after that
report was and the results wers embodied in & voluminous
contalning ¥ 2,000 typewritien pages, submitted by me in February, 1004,



COLORADO RIVER DEVELOPMENT 191

the Boeretary of the Interior, under the heading, ' Report on the problems of
:ﬂu Colorado River Baain.™ n this report was written the data avallable on
dam sites above Boulder Canyon was practically limited to the Glenn Canyon
and Dixmond Creek sitos.

4, The United Ehtnﬂmlaflal-lﬂumrm 1023, made soms topographic
aurvevs and r meneral poologien] sxnmination of the Coloradn 1 -_--rg‘nl!pn]:llm
Lees Ferry to Las Vegas wash, the lstter being between the Boulder and Black
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b. Since the rendition of the above-mentioned rt, I have reeeived from the
Geolofgieal Survey a preliminary profile of the Colorado River through the
streteh investigated in 1023, and also tbg:[ﬁuph of the pal dam sites
hoted by the survey party below Grand van MNatlonal k. These data,
in addition 1o data obinined from investigntions by the Bureau of Reclamation,
have made i possible to extend previous studles and to determing the best plan
for the df:w:lnrmtnt of the lower river, having in mind at all times the paramount
interest of irrigation and flood eontrol, Some of the results af those studics are
embodied io this paper. The section of the river through the park has been
neglected by remson of publie aversion to development thereol. The scclion
above the park is a0 distant from large power markets that its development will

" :mll lm‘}.:i:f;rukeu after the entire power possibilities below the park have been
ully wti |

6. The more important factors involved in the proper development of the
entire section below the park are in the order of this importance:

(a) Adequate storage capacity for irrigation and flood control with & minimum
of evaporation losa,

(b) Construction cost. .

e} Maximum ﬁnr output with maximum Rexibility. 3

(d) Minimum destruction of developed and undeveloped property,

ADEQUATE STORAGE CAPACITY FOR IRARIGATION AND FLOOD CONTROL

7. Thin factor is by far the most important, as the ume of water for Irrig.ﬂpn
must be made superior to use of water ‘or power in the Colorade River Dasin.
The object of the development should ba, first of all, the protection of present
i ted lands from the ever-present dengers of inundatinn and water shortage,
and thereafter the provision or adoquate storage ca ity to permit the ulmost
development of the water resourees of the Colorado River n. Other waters
can not be substituted for irrigation of lands in the Colorade River Basin. On
the other hand, power ean be provided from other sources. _

8. Under nt eonditions Jess than 1,000,000 acre-feet of active storage in

aired to insure an adequate irrigation "Eﬁb for the lower Colorado areas.
With further develapment throughout the orado River Basin, this amount
will apon incrensa nFidI;ir. In my report of February, 1024, it was estimated
that 25,000,000 scre-feet would ultimately be required for this alone if
upatream deveiopments did not ereate material hold-over storage. ndoubtedly
considerable storage of this type will in time be provided by upstream irrigation
and power developments. It is believed, however, that 15,000,000 acre-feet
of storage will be uired for this pur on the lower river,

. DPresent silt inflow at Boulder Canyon in cstimated at 80,000 mere-feet
annually nnd will ually decrense as upetrenm reservoirs are constructed,
To prevent encroachment by silt on storage needed for irrigation Eurpnm for s
lunﬁptrind of years an additional eapacity of 5,000,000 acre-feet Iy needed.

10.” Floods should be eontrolled to a di-_:hnégu of not over 40,000 second-foet
at Yums, as discharges of over 50,000 second-fect sre diffieult of control and
seriously ondanger present levees. The uncertaintics attending any change in
the re n of a strenm like the Colorado Hiver dietate that am e provision
should be made to meet sach uncertainties. Under Euunt cenditions such
control will require 8,000,000 acre-foot of storage. This amount will decrease
to 5,000,000 acre-feet with considerable upstream development. -

11. From the above it will be seen that a total mty of 25,000,000 aere-fent
should be provided to mest future conditions. such a capacity is not
needed to eare for irri n, flood control, and ailting for the immediate futura
is apparent. The provision of this or even & mﬂu amount at the present time
is not an economic blunder, however, as the full control of presant flow for the
ggmrnnunn of waste and therefors the maximum power output, requires over

PO acre-foet of storage.

2. Tha location of this storage is also an important factor. From the stand-
point of flood eontrol and avoidance of irrigation waste, storage should be as
near the point of use as possible. To hold down evaporation loases; the reservoir
should be deep and loeated in the eanyon seetion.

, = o == CONSTRUCTION CDAT

13. Even with the cost of the dams added to the power feature, powsr can be'
developed more cheaply at Boulder Canyon for the power mar avallabls
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than at any other point on the Colorado River. Modification of pls.  lor purely
storage development for the purpose of power development must - made al
minimum eost per unit of power In order that the additional invesie. ot may be
justified and the burden on the power users reduced to a minimum. All of the
more recent studies have indieated that the cost of storage for irr cation and
flood control should be saddled on the power dovelopment.

FOWER OUTFDT

14. While adequate provision munst be made for irrigation and flood eontrol,
any accrepted plan muost offer no avoidable interference with the maximum
porzible power devel nt. Mazimum r output is desirable as the pres-
ence of a market in the near future for all power that may be developed below
the park is generally conceded. As power is the product of head nnd water,
it follows that the maximum possible output would be obtained with stream
eontrol at the head of a section and utmntfm of the entire head be! ».  As no
feasibla storage possibilitics with sufficient capacity exist above Dow' v Canyon
reservoir site, it lollows that any adopled plan must be & compromise betweon &
sacrifica of operating head and of storage capacity to obtain & maximum uct.

15. A considerable portion of the energy used in southern Californis at the
Enruent. time is devoted to irrigation pumping, which varies greatly {rom

year as stream Aow varies. No douabt such mpigf will eontinues to take a
considerable part of all power marketed there. e of the power systems with
which ths Colorade River davelopment would be interconnected are less fortunate
in storage possibilities, The best use of Colorado River power is ible onl¥
wi:‘h lilu'gt storage reserve at sirategic points which will permit a floxible power
output.

. DEATROUCTION OF PROPERTY VALUES

16, The Mohave Valley Hesorvoir, il deveioped to cievation 600, aa
hy Colenel Kelley, would require the reconstruction of about 23 miles of douhle-
track main line railroad of the Santa Fe with an increase of about 3 miles in
of line. The city of Needles, with a n of over 2,500, would have to
moved to & new site, ther with extensive terminal facilities of the railroad
:om]?hl . Irrigable land to the axtent of 40,000 acrea would be submerged.
#n:;.u n?t%[: Iand ix I.;tudi.ln irﬂcw:;i:l:; ﬂ{g: ﬂiﬂ ':lﬂdllld“lmlﬂ to be moved.

rya Dam, if developed -un'manrprﬁrtr
of value. ta elevation the lower part of Mohave ‘Jrl]h}' would ba
submerged to the extent of possibly 10,000 acres.

FIELD DATA AVAILARLE FOR DEAIGONING WORK

17. [Hamond Creek Dam wite.—To phy and drilling dats were obtained
18 IE'E&EIE" o ieee bﬁ'm mmuﬂ?n Slide D m%‘lﬁ'

; anyon, Spencer Can (] m Y ¥
ntﬁnmﬂutmnhtﬂmdmlmn?MUanﬂhiﬂwmﬂu ,E\\t
in most cases in insufficient amount to cover sites for dam and ".Eom.
No data aro available on foundations. Estimates of cost are ‘on assumed
dlpthlhmhnfﬂ.vﬁudlﬂf the middle depth being used for general
comparison of plans. bility pites has been mssumed without sotual

in l?l!d therets, ; :

19. Boulder Ww;m—mwhpm:mhmmd
dam sites has been obtained. Surveys made for railroads indicate
a readily nccessible site. The two most favorable dam sites indicated by detailed
gwluggi;:l“ in tiona have been th drilled. Concrete materials
ave located and nﬂuﬂﬂl to practical tests for sultability for concrete
with gratifying results. This work was carried on from 1918 to 1

2. Bullshead Reservoir sile~—T . for this site was obtained in 1802
ug}%mlﬂ::-mdhmd w uudu:flihﬂf mhu Heclamation Bervies
ang 18 i | aacond an I.'Em t t =

21. Mohare Valley Reserveir site—General hﬁ:puph,r of the reservoir site
wis made in 1802 and 18903. To of the dam site was made by ths
United States Geological Survey m No drilling has been done. Eati-
mates of depth to rock are based on conditions encountered at the railroad
bridge a few miles above and at dam sites tested at other points on the Colorado
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River. The cost of m:n-.rj changes In rallroad trackage and facilities is from
information furnished by the railroad company.

22, Mhmm—mw y was taken in 1002 and 1903. Addi-
tional furnished by Fred Noetszli of Los Angeles, Calif. The
alta h.l.l_ nok n tasted for foundations.

- DESIGNA AND EATIMATES

23.- Designs and estimates for the dam for the Boulder Canyon Reservoir site
hﬂhﬂnﬁ&:ﬁ“ﬂnnﬂtdﬂhﬂiﬂ various heights of dam and are based
on_tom data

4. for the Diamond Creek, Bullshead and Parker sites are in such ahape
that the designs and estimates can be considered a little better than DATY.

25, The foundstion sonditions and right-of-wavy difficuliiss at Mohave Vallay

; 'I'Iurummmy ‘uncertainties connected with the
t of this site that any estimates raade with available data
ﬁm be very misleading. The site should not under any eircumstances be

Bridge Canyon, Spencer Canyon, and Devil's Slide sites have incom-
ﬂﬁw;lrnmrtﬂuhuummmhm : o

DETELOFMENT FLANS -

H. W‘tﬂtuhﬁh number of plans for ﬂlﬂ'ﬂmﬁﬂiﬁﬂlﬂﬂﬂlﬂ;@h‘
be advanced on the basis of known And assumed dam sites,
Hilhlhﬂdthe presented on Exhibit B (46-D-5637) cover all of the more

favorable plans
28. In mltln[ comparison of the various plans along the lines of thelr mut
important featurcs, two conditions of water supply have been assumed, namal

pmnnt water su without upstream and ble future water sup
th stream flow fo usted. Hﬂﬂmmﬂiﬂmvﬁfmhf -:pnrhneu'ir

Frthnﬂuuthumﬂn ver section below the park can be put to use, much
irrigation and power development may take place above. -Fuﬂn:n:trnlu{thu
river by upsiream storage is infeasible. Actual conditions will graduall 1-u1'n
tho f‘ us of “present’ conditions and approach that of full upstream d’
men
29. Evaporation from mnlnh'hnuﬁunuuﬁm:udh-nflrutw
mﬂrmlﬂt:fo expostd arca in each case. This value may be considered
AR BVETARD loases will bo higher In the lower desert region below Boulder
n than in the canyon section proper.
thﬂ mﬂl C (45-D-538) shows summaries of the more important features of
¥
!Il‘lln m‘ulﬂnlthnhrtatmm.,tnﬁzﬂ hdh:.rmcmm
Febru ﬁhmﬁ the Sceretary of the Interior. n,'-riththi
Parker presents, in my opinion, the best ll]HIIIl ent
fnrtlulmﬂwull'hnh. The outatanding ndmupurl’hn.lh tit
l'l.lII]:"H the m capacity at a ::nlulln'un ava
E superior mtmihrmmﬂmunlﬂ Rlﬂr-ndlt
en s minimum destryction of le areas. The cost of constroction is

eontrol by mﬂmmﬂtmum;hmlmgmwb
of with tmi.lh’w ti;r would suffer far more severely than

is ineluded in the total coet of this plan.

lmwhmaddl n for the Parker Valley and for contem-
of higher lying lands below.
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CoLtonavo Ruven Storiom, BorrLEMENTARY REFORT
(11] Vol. 9, p. 33)

Summary of eslimales of cosl of damas
Probably to be lncreassd |n sceordaces -immmgrdu Ttivar Board repart on Miack Canyon (ase

Tetal satimeted sort
Apmmad | Meormal "‘-H..ﬂ_
Blte flow-waser] water | SO _
eluvation elovation | S L0 | WiB D | croyhe
AEETHALE
Feal'
Diamond Cresk. ..cvees ek 1,35 - N £34, 000, 006 (1 EIT, 500, 000
e o et s R L 215 o 1 GO0, 009 | 3%, 500,
lnﬂﬂlc_...{m ! . L, ZLE tm ] %I..-H 13, (500, 0o
| 11— ——— = — 1, TS 1,7 60 | 3N 500, D00 | 31, EDO, D
e S ——— L hE 1,330 130 | 14, 500,000 | 14,000, 00O
M e et 0 e et ettt e e e e iy B L 1,33 " &ﬂm Enn
DO wmmnwmssmsass dsnns snssssssassascss| 1o 118 L Im ) ] B0, D00
DI"I"II'IIHI-H-I' ................................... LI 1,320 m !Il.m.lﬂl I.l.ﬁm
I N T 1,330 0| 17 0,000 | I8, oo
Boukds fﬁ.‘:m oo (Hiack Canyen dum Hedlmre] "8i88| 1389 3 '&ﬁﬁ 1Eﬁm
D:-:TE.. S et et B+~ S~ — ] ——————
13-:.--.- e el oo Bl L e 'l&: :ﬁ .......... :%ﬁﬁ ...........
o e T 1T E— ’I'l.:ﬁﬂ el
Mobave Yallker...... = 425 [ | F—— Il. | N I —
A — 158 [ " 0000000 .
s s e AT b ks e e A o o e A e 38 BB L arsnisd T 008, 003 |..oonnean
| Fram eatlmates |s Fab L 1
T From ose surve, p. 4 'E, ol 'Pmr.!. raport.
! Ciarrectad h‘:-n nl-!lnd-llnl.l. o

Estlmates bor plt sggregute and 00-foot depth to bedrock wsed In summariss.

Bripae Cawvon Dau Srre
([1] Vol. 9, pp. 35-36)

guphy utthedmmtauhuadnnrw:ntwnrkhr the Geo-
Iugm Bedrock conditions in the river channel are not
known and n:a.:u.mum depths below Iaw-ﬂh:r surface of 120, 90, and
60 feet are provided fnr?]' continuing the slopes of the canyon walls
to the corresponding elevations.
Itm planned to raise the water surface 555 feet, making the top of
dam elevation, 1,780,
bedrock 120 feet below low-water surface, the maximum
beight of dam is 685 feet. The section was approximated with suffi-
n:ant.lmur irumthmahﬂnulduﬂmnnfnrﬂﬂﬂﬂﬂﬂm and
34,002,000 m—fm reservoirs, having maximum heights uf' 626 feet
m-:l'i"ﬂﬂ fe:t,rwlpockrebv. It is assumed that rock must be removed
to a depth of 10 feet over the base and abutments to reach solid
foundation and that the gravel md bowlders are covered with 20 fest
of sand and silt. Drainage an mﬁﬂuhmmndmmd
foundation follow the scheme lhm On ear
diversion works have : capacity of 100,000 second-feet. The
diversion tunnels will su n&‘mu 88 penstocks and are made
ciroular, of a length grutar b mqm.ud for diversion purposes

] ed un the dam similar in all ta t
DAy i i ol et bt
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Temporary outlets similar to those at Diamond Creek are provided.
There are no nt outlets, the natural flow of the river being

carried through the power house or over the spillway. 1

Information concerning concrete materials 1s lacking, and the esti-
mates have been p for pit and crushed te, I the
practice at Diam Creek. It is assumed muﬁ’;um of
construction railroad and the cost per mile will be the same as at
Diamond Creek, and what has been said of right of way at the latter
site is npﬂiunblu to Bridge Canyon. Unit costs are the same through-
out for the two sitss,

Covorapo Rrvern Stromaor—Buinor Caxvon Dau
_ CURYED GRAVITT TTPE—DEVELOPMENT TC ELEVATION 1,710 FEET
: (1] Vel. 0, pp. 46-55)
of elevation, 1,785 feet. Haiso in water surface, 555 feet.
mﬁfmlﬁm.h:ﬁﬁﬂh Nadiues of axis, 700 feat.
are

vation, 1,770 | Bed rock assumed 120 fect below low
o waler surfaceo,

Preliminary estimaie based upon meager data
(Trobably ts be isersased o aocordancs with Colorsdo River Doard report on Miaeh Canyon (me p. 53]
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Preliminary estimate based upsn meager data—Continued

itam Quantity Tall ccat | 1laEm ooat "'"'"_ i
11, e, i
Rriond Laial =i badeonks ot depil 0 8 o S g e 35, 300, 000
E.
EEMWHEMHMHH_ ------ ™, 300, 000
B han, 000
Inercass In coak IF conerels Eravel I Potb e cncrr s s mse s [—— S —— 1,
Ill:ll:"qﬂlh reguiring crushod sppre- I

Panker Dau SiTE
1) Vol. 9, pp. 42:-43)

To at the dam site is based on & map furnished by Fred
A, NEE&E? which was prepared from a survey made under the super-
cﬂﬁmn' n of H. E. Linden, formerly of Beckman & Linden Engineering

T tion.

Itp?s“plmad to raise the water surface 67 feet, making the top of
dam at elevation 468 to provide a flood-storage capacity above the
diversion level.® Under these conditions the maximum raise in
water surface will be 100 feet. Sections of the dam are shown on
Exhibit 45-C-527.

Assuming river bed at elevation 348, tho height of dam will be 120
feet. It is planned to build the dam on the soft material in the river
channel with & wide basoc to reduce unit pressures and an earth
blanket is provided on the assumption that safety will be secured
with a tion factor of 15.

The diversion works have a capacity of 40,000 second-feet, assuming
that a flood-control dam would pranuull;rlba constructed upstream,
which, however, will not eontrol Williams Creek,

_The plan of the high dam is to utilize the downstream of the
diversion tunnels for the spillway, connecting them with the spillway
ﬂ%ghr ill o mch‘l:rilmthth}udﬁm f th l.dop'bad..

& sp 18 provided wi tes of the size
’ﬂﬁhﬁmh and t&tiudnr h:.Hl i il
works are provi ving a capacity of second-feet
ﬁ:'-[‘J: water m:lm& at :tj:nl.im iﬂﬂ-.mﬂ P o e e - .

At 18 assumed-that the cost per mile of the construction railroad
will be the samé 8% at Diamond Creck and the distance from Parker
on the Atchison,“Topeka & Sants Fe Railroad is about 5 miles.

_ The cost of right of way is based on an estimate of 5,000 acres of
ung!ﬂlu land and .%iﬂﬂ acres of nonirrigable land to be submerged

reservoir, cost per acre was assumed to be the same as
for the Mohave Reservoir, 1'?:: $50 and $10, respectively. . -

e T M T T R
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BurLaneEap RESERVOIR

DAM BITES
{[1] Vol. 7, pp. 49-50) -

Three sites have received consideration, located, respectively,
1,300, 3,300, and 6,300 feet below Bullshead Rock, shown on drawing
45-C-166. Both the Lee' and Hamlin-Wheeler! reports held that
the Colorado River has shifted its course in this vicinity, with its
former course entering the map to the east of Bullshead Roek,
thence across the present r.hmnjljmt below dam site 1, and passing
out near the N arrow to the left.
. The results of drilling for rock, in each case found to be ite,
is shown on drl.wim 45-C-149, 45-C-186, and 45-C-212. The
Im.mpoﬁwu pessibility of shallower depths to rock above
Bullshead , but no physical data for such a site are now available.

Nore.—The farthest possible dam site downstream should be chosen to develop

th
:ﬁrlr L w o river {all and storage possibilities between Black Eu;ynn

(11) ¥ol. 7, p. 51)

Dam site No. 1 has been adopted for the purpose of estimating,
for the following reasons: '
(a) The site apparently offers the best location for a safe spillway,
& very important feature in connection with an earth dam, which 18
ro

) From the limited to available it appears that the
abutments are lower at the nt.Eanuliutu. and a 'd:lllfl'l. Il:-l:ult there l1‘lnv"4:|-1|.'|~r1 .

not create sufficient storage, = .
(¢) A dam at site No. 1 closes both the old and new channels with

one structure about 1 foat
about the same | ol jong

Available to

oy

does
acroas the old channel. - The

on top. At site No. 2 a dam of
would be required to closa the channel

not permit of determination of the distance

phy at site No. 3 also does not

lhnwthn!dnhluﬂ;nﬁhnuﬁrummmth;n-h_

oeaEE e o

o8 Tsonnalsses

T. Whealar, July, 15,

Reccnnuissance Survey of Lowse Colorade River from Bullihaed 0 Yuma,
is0e of Colorado Rivee from Virgln River to Yuma, by Momer Hamlin snd Edgur
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N T . {01 Vol. 7, p. 50) -
On page 134 of the second annual report it is stated that—
proposdd ai abandoned. Back of the river hills thers was

um ﬁ:ﬂm pnl.::' nl'-n.J:r and sand at sufficiently low ion to jeopardize
a 100-foot dam at thia point. i \ . e

With the of dam and percolation factor proposed it is believed
that the “eﬁ?ﬂnd gand contact” ean be sealed in the same manner
as tho closures across the old channel is alfeotod-—by means of o roar
apron.

DAM
([1] Vol T, p. 62)
An earth dam 1,600 feet long is proposed to close the present and
ancient channels of the rImMEith 8 concrete core wall thro iy

rﬁlb,tﬁ on rock in thaamt channel and on a spread foundation in
the older and deaper 1, this core wall to be carried to & level 4
feet above the earth dam for a parapet wall. The earth dam is to
have an upstream elope of 2:1, riprapped for wave protection, and
connected with an upstream apron 5 feet ip thickness to hinder
colation through porous fo tion strata. The downstream slope
is to be 3:1, heavily ripra for protection against wave action and
l?-l-imﬁ percolation through the dam.  The dam is to have & height
of 15 feot above the normal high-water level and a total height above
low water of 170 feet.
A small concrete dam will close & low gap east of the earth dam.

BPILLWAY
([1] Vol. 7, p. 57)

Four drum gates 18 feet high by 86 feet long, mounted on a con-
crete crest in a saddle west of the dam, are proposed, each to dis-
ﬁhlﬁﬂ into a 30-foot concrete-lined tunnel 900 feet long, with & com-
bined capacity of 100,000 second-feet at normal high water and
200,000 second-feet with water 5 feet below the top of the dam.

Other outlet facilities will add 50,000 second-feet more.

RNt CONSTRUCTION MATERIALS .
- Material suitable in amount and charscter for the earth fill is
available in the immediate vininil:g,_thnugh care may have to be
exercised in its selection. Granite for riprap and embankment work
wl:ll tI.H ttﬂlln.hla from excavation for tunnels, outlet works, power
plant, ete. ' i

.

' CONBTRUCTION PLAN
([1] Vol. 7, p. 58; Vol. 0, pp:d0, 91), "

, Prior construction of upstream storage has been assumed with
river control during construction of the Bullshead Dam, to flows not
exceeding 40,000 second-feet. For diversion of this amount of water
du coastruction of the earth dam which is proposed to be made
“in the dry,"” twe 35-foot-diameter concrete-lined tunnels sre to be
provided between the dam and the spillway, emptying into the lower
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npi]lway hmn wit.h stream flow to be diverted thereto by means of
s rock-fill cofferdam at the upparmdmdh the lower toe of the
dam at the lower end. Upon completion of the dam, the lower ends

. of the tpn;lrdn would be fitted wi wnd} :lnt needle valves, ehﬂmh

~ to permit by-passing irrigation water and for slu urpuaur 4
nm& penstocks irnmgt.ha tgttun‘a’ti_wnuld carry water to LEa e.:

- The upper ends of the tunnels would be and unmaduuly
back of the plugs intake towers would be provide the ]:Iil.'ll.l.l']’
control of water released for pum and irrigation purposes.

RIGHT OF WAY
{11} Vol. 7, p. 80)

In the Jetter of Nnvamhm- 6, 1920, H:m Tumn prnjaut mADAger
gtatos:

The Iand in the Bullshead Reservolr site was 'lrlutdrln ln 1‘-'!-03 It is not

* believed there is any private land in the slte. There are & few squatiers [n the

L Cnhnnwmd Island district with some irrigation improvemeant, conaisting of some

'! plants and small. ditehes and a few hundred l-nrll undn* cultivas

- ue of these improvements is estimated at $15,
*-'. Thm are saveral mining claims, somo with mills constru ind. with other
mmanh lntharuarmitalm nhnnthnmwhltthn'lmﬂthm

- It is believed that the itam of contingenciss ms:; ’cu! lmmm! to

k]

lnduda pumhm of property of unknown value.
il RS 2, il : Acmu:nmm
(1) Vol.7, p. 60)

q, “While a- mltuul connection could be provided without difficulty,
; truck haul will probably be found the more economical on account
an the hmm-d amount ni' hm.l to be transported.

A

L

1 e S mEval. ?. 60-81
"'[:I':nltmtl -s.,_ﬂ] |ty g PRTIRE FEA
Purﬂlndmmt— - R 4',

T ""w

, Assume cost at mill (bulk). .. ___.. ... e Jpl-l' -y H-DEI
- TTe hounda. at 302968 p ‘1“‘:.'&'&3.*‘1}‘&“ R . 00
[ per canes s PIT
: Freight by truck from’ Unlnn Station to dam site at lﬂ:ﬁ

o tnu-ml]:_ ..................................... burell’: 1. H\

E.: Bh:up and hmdlh;..;...-‘.-': ....... o o ey i i s A do.... .
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Bullshead development with installation of 400,000 horsepower.
Raiss |la water surfase 143 fest.

[AT tarms nclade 14 pa cest of Sald rast tor svarbaed, supineeriag. and contiagenrise]

o ———_— e - UL, L TAT AR 33, 648, 662
Ilﬂ-ltﬂm,m Iﬂd'ﬂ'ﬂ ------- A i T o o o e - . ‘nmm
Diversion, other than [ T T N —— L;ﬁﬁ
""""""""""""" s emeseee L 178 800
el e = g ¢ 12| 7, 561, 110
Right of way, construction camp, ele. ... ..o cniinanaaas ae "
Total. . .... R N L S S CAu s T 1 31, 778, 672
R T A R ) T T T T ST - 31,

SEQUENCE OF DEVELOPMENT DELOW ORAND CANTON NATIONAL FARK

Boulder Canyon Reservoir is, of course, the first to be built for
the reason that it alone is capable of providing the necessary capacity
for flood control and at the same time an ethm power outpub.to
Fermit repayment of the cost of the power pl

rom power revenues alone.

For a term of- .pnniblruh.iihuiﬁtom after the con-
struction of der on Reservoir the slow development of the
upper basin will leave a water supply for the Boulder Canyon Reservoir
such that a full power output may be had and additional water may
st times be released when for irrigation purposes in excess of

demand for an irrigation development on the lower Colorado

iver at least double the present area. For this length of time there
would then be no need or mecessity for a reregulating reservoir on
account of the usual lack of coordination between power and irriga-
tion requirements. - : g

Undoub the growing power market in California will necessi-
tate additi power ts on the Colorado River long before the end
of the so-called iﬁh‘gﬂ'mpuiud above described, and the location
of the er plants will be governed solely by the relative cost of
power pment. o .
. Bridge Canyon Dam apgoars to be the most attractive of the sites,
in that it is believed to have a shallow depth to bedrock end a very
high head, namely, 555 feet, can be obtained with a moderate amount
of conerete. The dam site is only about 35 miles from a railroad.
While this dam would have only a small amount of ating
storage and its yearly load factor is therefore likely to be erately
low ?ndin: the construction of reservoirs upstream, the combined
load factor of Boulder Canyon and Bridge Canyon can be made to

fit the market and yet develop a hf art of the flood period
power at Bridge . limth?gmﬂ r%m;inph.nt-muﬁiha
run at a higher load factor at times when the stream flow at Bridge

Canyon would permit only a low load factor st that point.

The best gl-.n of development below Boulder Canyon contemplates
o dam at Bullshead to utilize the entire river drop down to the
Needles ‘Flljug and a dam at Parker to utilive the entire drop batwesn
Parker Valleys, loaving the greater part of the Mohave

Valley between tho Bullshead Dam and the backwater of the Parker

m_lmIH“Mi ] T Thidk B L L1
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Dam for futdre development. Either dam can be constructed to
provide reregulation of Boulder Canyon outflow if desirable, and in
addition provide a material power autﬁut. , .

The development of the é'glﬂrld.n iver Indian Reservation, also
called the Parker Valloy, containifig 110,000 irrigable acres, requires
the construction of & diversion dam, in order to provide a gravi
supply and for this ur;;gsu the Parker Dam is admirably suited.
In ition, the Parker Dam may be used to provide a high level
diversion for supply to be ca to Loa Angeles; to provide the
Yighest feasible diversion for the Parker-Gila Valloy project; and to

vide the highest feasible diversion for the deve {:J:mnnt. of Cali-
ornia lands [ying above the elevation of Palo Verde Valley, includin
the Palo Verde mesa, the Chucawalla Valley, and an area aroun
Blythe estimated by LaRue in the Arizona Engineen 1sai
report, at 50,000 acres. The Parker Dam would at the same time
be able to create a considerable power output by reason of water that
would be by-passed for use in the Parker Valley and for diversion by
the Yuma project and the Imperial Valley. 'For reregulation
poses it would be necessary to reserve something like 25 feet o the
upper portion of the storage behind the Parker Dam, if reregulation
were to be obtained at this point entirely. ' '

The better plan is to provide a part of the m“q]uilita reregulation
eapacity at ihe Parker Dam and s part at the B ishead Dam. ' By
tins method the high level diversion advant of the Parker Dam
would not be materially encroached upon while the average head
maintained at Bullshead would be s near maximum. °}

In view of the manifold purposes which the Parker Dam would
serve and the probability that the cost per kilowatt of power would be
no tor at Parker Dam than at Bullshead, it wn‘ulﬁ Epurnry
ikely-that the Parker Dam would be built first and if the present

_estimates of the growth of power load in California are approximately
correct, the construetion of the Parker Dam can be contam
within 18 to 20 years after completion of the Boulder Canyon Dam.
The amount of power availablo at Parker ia 190,000 horsepower and
would be fully absorbed by the California market in two to three
years, making it ap ;probable that the Bullshead Dam would be
started approximately 20 years after the completion of the Boulder

: .cﬂa Bullshead Dam has & power capacity, with present water-
" supply  conditions, of 405000 horscpower (see p. 219). In both
instances_the power capacity given is based on o 55 per cent load

factor.’ ; : -
Should the advantages to be realized from the Parker Dam prove
to be fully as great as herein outlined, it is quite possible that its
- eonstruction will not be dah;‘nd until there is o demand for its power
_ output but that it would'in fact be constructed very shortly after the
" sompletion of the Boulder Canyon Dam and in any event ahead of
T AL
; UmmArizing. it appears that the most lik uence o
: dﬂﬂupmenmm e Grand Canyon National Par ':ﬁﬂﬂ'be' as
- follows: -7 5o e 50 1 AP T M A il i ¢ - i
[T

1--- ailder | Iﬂn -Dr'r-m... 5 'J . ] [ F - -l h i A
1 B Chagnn Do - Gyl M F L e So i) e
anﬂﬁﬂhﬂhl i) :hll' ¥ =L Y fL S g ! _. & i L ) I"I.".

4. Bullshead Dam. . - '
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The next mn.ulruc.ﬁn'; after the |ahu1= !‘nu:i. dams u:-nFr.ha ﬂmm
River is anticipated to be a storage dam at either Lees HE::
Canyon, Dark be above the backwater of Ferry
site. It is mob T-d M;ﬁ;ﬂ" plent would' be tgrnvidml n:
such a reservoir,’ the purpose of its coms l provide
better distribution of the water supply for the Bridge Dam,
thereby increasing its power wt and to relieve Boﬂﬂm-
yon Dam of a portion of its flood control reserve, therzby permitting
& higher average head and an increased power output, )

It also appears likely that public opinion will by that time it
the construction of power dams in the Grand Canyon National Park,
whioch dams would receive much benefit from tho river regulation at

‘Lees Ferry. _
Bovrpen Canyon vErsus Momave VALLEY

FLOOD CONTROL

The time for travel of Colorado River waters from Boulder Canyon
Reservoir to the Imperial Valley is ro one day more than from
ohave Valley Reservoir, and the latter thus permits a slightiy better
control in time of need for reduction in stream flow. The anticipated
construction of the Parker diversion dam will eliminate this advan-
tage. The inmrrsﬂﬁg area between the reservoirs is not productive

of annreciabla T
FEI“.-m B OLELE TS -

BILT CONTROL

If idaqunta capacity is provided at Mohave Valley Reservoir, the
reservoirs aro on an equal plane in this respect.

IRRIGATION BTORAGE

_With equal capacities, the Mohave Valley Reservoir would have a
slight adventage by reason of lesser distance, but this advantage
would be lost with the anticipated construction of the Parker diversion

dam. .
" RESERVOIR EVAPORATION LOSSES

The surface area for the Mohave Valley Reservoir would be fully
40 per cent larger than for Boulder Canyon Reservoir for equal
storage capacities of large .amount. The lower altitude, h%er
temperatures, and greater exposure to winds at Mohave Valley
pmﬁn’.mnﬂdmon;il{m#;nmﬁlmm that the reservoir loss as
a8 whole, for equal capacity, will bo from 50 to 75 per cent ter for

tha Mohave Vallay Resarvoir than for the Ronlder Canvon Roearvair

el Tl ol TN

a factor, of muuhwmlpum-in the ultimate utilization nf the water
mumﬂithu-ﬂuhuduﬂimhudﬁ,. ey : . :
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= Y

FOWER FRODUCTION

he raise in water lovel for equal reservoir capacities at the Topock
Dam is slightly less than half thas at Black Csnyon Dam with cor-
respond leas power output since the amount of water available
for use be the same at both sites. The future construction of
the Parker Dam which is needed for irmigation diversion will reduce
the power head at Topock Dan to some axtent.

FMOWER MARKET

The principal market for power from both dam sites is southern
California with the distance to the market from the two points
roughly equal, the Mohavo Valley distance being slightly less. Both
are within transmission distances now eonsidered feasible.

COS8T

For reservoirs of small eapacity, comparative estimates show
pm:icnllg) equal costs and from very rough estimates the same
ap to be true for larger capacities although this can not be
fully verified with the present lack of data on Topock Dam sits,
particularly as to foundation Gonditions. "

FINANCIAL PEABIBILITY

The greatly reduced annual income of the Mohave Valley
reservoir in comparison with that anticipated for Boulder Canyon
. Reservoir will be insufficient to finance constructien of the Mohave
-?ﬂlﬁg Reservoir with plans now undor consideration for financing
Boulder Canyon Reservoir.

Comparisox or Resemvoins

.BOULDER CANYON VERAUS L1HII FERkY

-~ The comparisons are based on the construction of a dam in Black
: for the Boulder Canyon Reservoir and at the lower Lees Ferry
site for the Glen Canyon Reservoir. -

S FLOOD CONTROL
: 111“ ﬁ}m for 1:1:‘“!!‘ of water Ii:n tih;m:nﬁmr is almost m
- as-long from erry to the 1 as from
Canyon. . When waters aro being released for flood control Eu{pm
.and the occasion arises to reduce such flow past the Imperial Valle

« by reason of needed repairs to the levee system or mﬁmptud.ﬂood{
_on Gila River, response of the river will not be us prompt with Glen
~@anyon Reservoir as with Boulder Canyon Reservoir. Between
- Glen and :Boulder C  there is a drainage area of 56,000 square-
: miles drained prinei by the Little Colorado and Virgin Rivers.
, Floots of considerable magnitude may originate in this sres. With
" the construction of additional dams betwoen Lees Ferry and Parker
‘for pewer/purposes, this' advantage will gradually be lost.” - - - -
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BILT CONTROL

Material reduction, approsching stoppage, of tho &i't flow through
the Lower Colorado ﬂimhnﬁurym reduce the operating costs
for the irrigation systems and to minimize the upbuilding of the Colo-
rado River delta. Unless accomplished l::f quantities of Colorado
'ﬂifﬂﬂtﬂmﬂihﬂﬂtﬂdpﬂtﬁih es at Dam and
Impaﬁﬂhudin;mluﬁdltm-uﬂm;rdm of California.
Much silt is contributed by the area between the two mar'rmﬂ&
rticularly by the washes entering Colorado River in the Gran
Eoe e S R Sy o e A
ormations. The

wnnld’ be constructed below Lees Ferry in the event Boulder Canyon
is not constructed, would offset the advantages of Boulder Canyon,
but plans so far advaneed for such dams contemplated capacities
whiu:E would be lost by silting in s relatively short time unless Mo-
have Valley Reservoir were built to large capacity. :

IRRIGATION ETORAGE

Boulder Canyon being nearer to the irrigated area and controlling a
larger portion of the total run-off would be more effective.
advantage would be largely lost with the construction of power dams
below Lees Ferry. .

RESERVOIR EVAFORATION LDSSES

For ltun&e ul‘gmiﬁu of 6,000,000 acre-fest or more, the surface
area of the Glen Canyon Reservoir is larger than for Boulder Canyon
Reservoir, but on account of the lesser evaporation rate for the Glen
Canyon Reservoir, the average annual loss would be approximately
equal, _

ENOINEERING FEASIBILITY

h]iﬂ-:ﬁqr Cmr:an Ruurfﬂr is feasible in that a safe dm_;]m be m&;
8 in accordance with recognired engineering principles on
sound rocks found st the dam =mte. A concrete dam for the Glen
Canyon Reservoir necessitates foundation pressure, not considered
entirely safe and the inclosing rock structure presents grave possibili-
ties of destructive percnlation losses.

POWER PRODUCTION

L For uiuplniﬁuthapnwnrhnﬁlmmu;hlyaqugl but the flow
at Boulder Canyon is nearly 10 per cent ].IIE',. making the power
production proportionately larger. The Glen Canyon Reservoir
would mlmﬂglmu' production of all sites between the
two reservoirs but this ldmh;awillluwdr be lost. as reservoirs
are em_::trm_rhd in the upper. hiu:_i for ]:u'ﬂrlnd irrigation purposes.
i : . : . " '-n II“‘- --\mn. I I : . .
Boulder Canyoh lies within recognized limita for

| transmission of
power to the most ising, and a qsa'nnt'mlj','mutqt'“ﬁllb!m
(len Canyon is dvar 500 milas oy roughly twica as far from the sgame
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. . COST
FEr" éﬁuul ntnng capacities, Glen Canyon Reservoir will cost more-
than twice as much as Boulder Canyon VOir,

FINANCIAL FEABIBILITY

The margin of sale price over cost for the Boulder C n power
is inadequate to finance the additional cost of the Glen Canyon de-
velopment over that of the Boulder Canyon development if the

L3

present proposed plan of finance is followed

FOWER
Load and output of larpe power companies in Southern California
PEAE LOAD IN EILOWATTS

City of Laa lI.d:l .r'nIl-IlllJ Gan Diegn
s amd Comsoli
Year ' hrllilﬂ Blerras Elocirie | dutad (ias
Edisan Co. | Power Power Co. | Corpora- | and Eles-
y light tien irke Co.
R — arsamee s ke LE] W0 FT ) , SR—_———— =
1 S - 3 LB ¢+ S F - — o
1 - . sesmaam - P N, MO G, S 40, 300 FL W S ——"
}E ....................................... Iﬂl:g :-H 193 ﬂﬁ ;:ﬁ - i‘l‘m'
T . —--1!':: 1:1.% 80, 200 4, 200 31, 90dr
(] - = B & AR, B0 1, ¥ 7, 6 T, 0 P
?_!.lELT OUTrUT IM MILLIONS OF EILOWATT-HOURS
B b s Bl b il 1.5 00 1) LI [ S
103 —— anilln - 1, 1% an N | [ —— - ——
S | — PSS 1. S48 13 br o)) n . e
H [ | [ ——————— PP T TP PR R T L jrm «7 FE ) ML . o
T T e T R—" 1,3 =0 0 188 118-
- e o 1 1 (O ——— i 521 m a3l 13-
1 1 - ¢ R ————— PR L a4n i) m T 15
i ;
L o Dute from Electrical World, May 5, N,
¥ o g
! i L CavirorNia PowsrR MARKET
e i e
i | “({1] Vol. 8, p. 0) |

The increase in the consumption of ]l:-mr in the State of California
. has averaged over 10 per cent a year for the last 10 years. In 1822
4,383,000,000 kilowatt-hours were distributed, or an average load of
{lh_il.'llﬂ,ﬂm-h]m"&:;n.‘ "The increase % t.husn . load ﬁuﬁﬁ%ﬂ%ﬂ
- ldlowatts over the previous year. . VY ater Supp aper 403, by F. H.
- Fowler, and data co iled I:g the State power administration, and
. by the United States Census Bureau, indicate the th of this load
- sinee 1902. Fowler, in a paper befors the A. 5. C. E. (1923 Transe-
" metions, p. 842) bas predictedthe increasé which may be expected in
. the immediste future. These are. shown on, Drawing 45-E-13.
The installed capacity of Wum plants in Galifornia is shown
on Drawing 46-E-12.  Tables su ‘the graphs on each drs

. The steam-generating capacity.in the State aa about 350,000 kil :
. watls ot the end ’;fnqmu'ﬁﬂl large steam reserve, IIIIﬂ"imhllEK
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38 per cent of the installed hydroelectric generating capacity, was in
part necessary to provide against lack of water power, and the ratio
of steam to hjdmguvrﬂ capacity can be reduced by providing storage
reservoirs for the hydroelectric plants. j

The power at Boulder Canyon would be firm power, available 24
hours s day, year in and year out. Moreover, daily, weekly, and
monthly peaks could be carried without waste of.water, o long as the
average draft does not exceed the value assumed in the water studies.
In this respect Boulder Canyon power is at least as reliable as steam
power and probably more reliable, considering the risk of {uel supply
in steam plants and the greater ease of picking up large, unexpected
loads with the hydraulic plant. .

{[1] Yel. 8, p. 10}

Compared with hydraulic developments in California, even when
such dgre]ﬂpmh are provided with adequate storage, Boulder
Canyon tgnwer has the advantage of having an immense reser-
voir at the plant available for instantaneous use, while in the Cali-
fornia developments the storage reservoirs would be, in many cases,
several miles distant, and tional water could be supplied only
after some hours’ notice of the requirement. Considering the relia-
bility of the water supply at Boulder Dﬁm. the genmtmg capacity

uired to handle a given average load would be less than in the
rﬂeﬁ.i.{umil plants. Generating capacity ‘of about 200 per cent of
the average load will probably be required under the most favorable
conditions. The average load in 1932, when power from Boulder
Canyon is estimated to be available, will probably exceed 1,250,000
kilowatts. This means generating capacity .of perhaps 2,500,000
kilowatts. It appears therefore that additional capacity to the
extent of 1,500,000 kilowatts will be needed by 1932, and the installed
eapacity will need to be increasing at the rate of 200,000 kilowatts
ANN at that time.

The northern part of California is well supplied with water-power
sites, and on account of the greater transmission distance from Boulder
Canyon, many of these sites can undoubtedly serve this market
better than can the Colorado River sites. :

. Q1] Vel. 8 p. 11)

On Big Creek (including the San Junﬁuin River) the Southern
California-Edison Co. has sites ting 900,000 lhlowatis of
which about 200,000 kilowatta is developed. — The San Joaquin Light

& Power Co. has sites on Kings River am ing 200,000 to 300,000
kilowatts of which 80,000 kilowatts is . The city of Los
Angales has sites on Owens River which will davelop 90,000 ki tis

and on Kings River 150.000 kilowatts. Other sites in the southern
part of the State are mostly of uncertain water supply and wi'l have
such high development costa that are not important factors in
considering Colorado River power. estimated cost of the large
developments mentioned above is over $200 kilowatt without
including transmission lines and power from them delivered at the
load centers may be expected to cost at least 0.6 cent per kilowatt-
hour. These sites are the main dependence of southern California,
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and development must proceed at a rapid rate to keep pace with the
growing aﬂfma. The best sites will have to be developed before
yower ean possibly be delivered from Colorado River. Should a
inrmn block of power bo brought in from the latter source, it might
release a certain amount of power from the San J“‘l?‘“a _ﬁig Creek,
and other sites which could then be sent north, but in dealing with
the immediste problem it seems best to consider only the southern
part of California as & prospective market.

1] Vol. 8, p,12)

In the southern part of California 2,184,000 kilowatt-hours
were distributed in- 1922, or an average load of 250,000 kilowatts.
Iiy 1932 the average load may be expected to reach 500,000 kilowatts,
requiring & generating capacity of probably 1,600,000 l'r.ilpm.tm At

~that date tﬁ annual increase will l];[:;rumnlh 75,000 kilowatts, re-

uiring new installation at the rate of 150,000 kilowatts a year. The

'iqnst.nllud hydroelectric capacity was 400,000 kilowatts in 1922 and
tho steam-electric capacity was 225,000 i:ilgwutt_a. By 1932 pearly
1,000,000 kilowatts nf new generating capacity will be required.

Bovrper Canrox Power PranTt

ort entimnts Roulder Canyon power plani—insinllalion, 1,200,000 harsepower
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Cost eatimate Boulder Canyon power plant—instollation, 1,200,090 horaepower—Con.
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Coel eatimate Boulder Canyen phuer plani—installation, 1,200,000 horsepower—Con.
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The Bureau of Reclamation estimates that 1,200,000 horsepower
installed capacity will sost $32,000,000.

Tha.unﬁ'nmring board rendering its report to the Secretary of the
Interior November 24, ‘1928, raises that estimate approximately
20 per cent for an ins capacity of 1,000,000 horsepower,
the total cost of the proposed plant for the 26,000,000 acre-foot
reservoir $38,500,000. .

The detail costa then mlg be taken for estimating pur as
listed, adding the proposed 20 per cent, although all items will not be
effected in the same ratio.

Extra power can be dewvelo beyond the 1,000,000 proposed
installation capacity, during the Janud of u basin irmigation
dovelopment, which time is variously estimated from 50 to 150 years
for full dovelopment. This extra installation is estimated to be
gmnummnll_ﬁ feasible and will no doubt be brought about, the otolu-.l-
ized flow will be nearer 20,000 second-feet than the required 1
or 12,000 second-fect for the first 40 or 50 years.

For tho abcve period of time the plants may be operated n o
load factor of from 75 to 85 per cent, which would mean 750,000 to
850,000 firm horsepower would be available instedd of the 550,000
firm horsepower after full irrigation development in the entire Colo-
rado River Baesin. '
~ Itis, of course, impossible in a report such as this to give tho details
in relation to every item mentioned, but in each case referenco is
made to the souree of the informaton so that the supporting data is

readily obtainable.
Gro. W. MavoNE,

State Engineer for Nevada,
Seeretary Colorado H‘u;:: Commission
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