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The Colorado River - 2 Source of Water and Fower for Los Angeles

The rapid growth and development of o8 Angeles City

and County has been-one of the phenomena of the present age. The
growth of a city from 50,600 to 576,000, aﬁ ineresse of over 1000 %
in thirty years is an unprecedented occurence. It has given rise
to a variety of problems of increasing magnitude.

Chief among these are: 3upply of food, water and shelter
develorment of industry and markets, prevention and removal
of downtown congestion and proteetion of life and property.
These, of course, w«re the problems that any city must face.
But in the case of a community which doubles its population
every ten years, radical and heroie measures must often be
taken.

Perhaps the most vital mainsteays of a populous city
are an adequate supply of good water and an abundance of power
availeble for industrial expansion. los Angeles has long
been the mecca for tourists, pleasure seekers and home seekefs.
The time has now come when the steady influx 6f reople cannot
continue without a certainty df abundant domestic supply of
good, pure water. The report of a shortage of this commodity
serveg almost constantly to stop the migration from the east.
Likewise, a people living in such a district must look for
profitable exchenge with outside sections for maintenance.

The agricultural projects must be developed to their utmost.




More important yet, the industries of the city must be

expanded for the complete supply of surrcunding markets.
Thus we may see that the future prospertfy of the c¢ity depends
n o large measure, on the securing sdegquete suppliss of

water and powere.

——= The Los Anneles Aaueduct

Por gseveral years the men, upon whom rested the
responsibility of éroviﬁing the éity-of Log Angeles with o
gufficisent water for her people, sought in vain for sources
of permenent supply equal fo prospective denmands. An actual
shortage was met in the year 1904. Under the direction of
the board of supcrvisors an investigation into aveilable
supplies was carried out by William Iulholland and his ascocistes.
Prom this developed the comprehensive and daring scheme of bringing
water from the Owens River valley. Tark was begun in 1908 end
water was brought to San Fernando reservoir in 1213.

Mollowing are & few of the agueduct statistics:

Construction cogt $22,997,600.
Open Canal 6l miles; capsacity 900 cu.ft.
Covered conduit @8 ™ & N 420 cu.Tt.
Lined tunnels 43 " s W 420 cus«Th.
Sivhons 12 *» ;P " 420 cueft.
Miscellaneous 20 " ;] B 420 cun.ft.

Total length of aqueduct, intale te San Pernando
regservoir ------ 234 miles.
Expenditures.

o £




Pay rolls ' $12,500,000.
PREIGHT and exnress £,250,000.
Lends and R/W : 1,700,000.

Materialg,equipment & llisc. 8,160,0C0.

524,600,000,

FStimated Salvage - 1,250,000,

Work started ---. October 1907

completed --- May 1913

The odditional supply of water afforded by the agueduct

was thought to insure the city sgainet shortsge for decades to

gome, if notb permanently. However its growth, now that a

reliable water supply was guaranteed, tcok on . new impetus.
Manufecturing industries and intensive Torring was also
developed. The reemlt is that.now, in 1924, the c¢ity has nearly
reached ths limit of exvansion un&e} the present suwpply.

An extensive flood control ond conservation program has

been inasugureted in the county, but this rromises only a very

glight addéition in the dependsble supply of the county.

ww= Growth of City and County =---

A

A few figures taken from the census report for the city

and county of Lod Angeles are a8 follows:

Tear City population County population
18850 3,530
1860 11,3%3
M.‘xﬂl
L
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County population

® 1870 - 15,309.
L lEﬁO ut’,o. 8:]&

1890 50,305 101,454,
19200 102,479 170,5

1910 519,198 504,131,
1920 576,673 056,456,

An inspection of the curves constructed from this

date would indicate the following probable population:

Year City County
1930 820,000. 1,350,000

1940 1,080,000, 1,780,000

1650 1,330,000, 2,800,000
This is the nmosgt conservative estinmate that can bhe

nafde; oince & straight line increase in a youthful c¢ity is

almost unduly on the conservative side.

. ———w TToter o 1\-31;‘ R,

Mr, Imlholland, the builder of the Toes Angeles agueduct,
has conceived the idea of bringing weter from the Colorade River,
as a.sourc@ of sunply, Hto the counties of Tos Angeles and

San Bernardino. This plan is still in the formmletive stage.
Briafly it is: 1000 second - feet of water will be diverted at
a point about 200 miles below Boulder Canyon. This will be
punped & height of about Z00C feet by successive 1ifts and

conveyed a distance of 150 miles acrocss the desert to San Bernardino

mountaing. Here it will pass by & longz tunnel under San Corgonio

pass to the San Bernerdino section, thence to be conveyed and




L

distribunted to the districts westward to the =sea. Mis Lan will

]

be developed more fully in sveceeding pages.
iz PIOUEE ammsa

fhe c¢ity of Lps Angeles hag invested approxzimately
$15,250,000 for power development in connection with the city's
agueduct. The power system was vlaced in operation in
April 1917 and was & financial success from the start. An
additional $13,500,000 was voted in 1919 Tor expansion and

the purchase of other gystems in the city.

L

The total hydro-electric power reéources owned by Los
Angeles in connection with the agueduct system is 220,000 net
horsepower, delivered in the city. Of this total, 72,000
horsepower is available for irmriediate use. The remasinder of
the 220,000 horsepower isg awaiting development on the Owens River
and tributaries an& on the aqueduct sgsten nesrby. These cowmbined
resources, until recently, were believed to be quite gufficient to
provide for the city's cormercial, industrial, and 6omeqtie needs
for many yeers to come, but so great has been the industrial
growth of Tos Angeles, that additional large sources of supply wmust
bhe accuired. With the full 220,000 horsepower available, it is
now geen that the ¢ity will be hampered dndustrially by the lack of
power &8 early as 19256. For this reason the city of Tos Angoles
should gco~cperate with other nearby municipalities in the
development of power on the Colorado River at Boulder Canvon under

& program to bhe subscribed to by the Wational Govermment.
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-==-~ The Colorado River =----

The drainage besin of the Colorado River is shown in the
sceompanying fizgure. It includes parts of seven states, = the
gsouthwestern part of Wyoming, the westerm half of Coloradoc, the eastern
half of Uteh, a strip along the west side of New Mexico, 2ll of
Arizong except the sovthesat corner, the socutheast part of Hevada,
the southeast edge of California, and & portion of Texico - in all,
244,000 sguare miles. A1l of the northern helf c¢f the basin and
part of the southcrn half, consists of high, mounteinous country, on

" ﬁhich thers is & heavy, annual precipitation. T™he remainder of
the basin embraces an extremely arid region upon which rainfell is
rare én& gpasmodic in occurence.

Until 1921 thet pert of the streem system drsining western
Colorado was known as the Grand River (now chenged to Colorsdo).

In the southeastern part of Utah that stream unites with the Grsen
River, the headwsters of which are in Wyoning. Below the Junction
of the Grand and the ‘“reen the stream was called the Cclorado.

‘ The tributaries which furnish the bulk of the waters of

¢

the Green are the Yamps and White Rivers which flow westerly from
the Northwest corner of Colorsdo and the Duchesns, Price, =né
San Rafsel Rivers, draining the centrsl pert of Ubtah from the
Tagateh range easstward. The CGrand river receives only two
large tributaries, . the Gunnison and the Doloreg which drsin the
gouthwestern part of Colorado.

Mie principal tributaries below the Junction of the Oween
ond the Grand are the San Juan, flowing wesferly from the northwest
corner of New liexico; the little Colorado, which drsing the north

side of the llogollom Rim in Arizona; the the (ils, which drains

—6-




: 4
-~
| \
B /
. \
- . |
v
m :
9 ‘ : | | |
b - ' 4
= X N : | X
at : . 3 .
i
X i 9 ok - £
D . .
| \
o .
2 - 4 ~ bl
- . ¢ r | |
¢ Y § y Y |
L ¥ [ L Y=yt : = |
© : 3 \ 5 ; '
3 N " v | ) j . LA _
r ) -~ ’ E .
| 2 ._ ; ¥ - ]
L@ A L i . % |
l 0 " ) .l §¢ \ | _
aCu "N == 4 ‘ : , : _
» AR . ol 4 | ;
g s i ‘
o\i(.!\ v % " .n A . - - y — v
i o T . .
. § i : - -~
> X : e | { - g 1
N - 5 2 : _ : | i
h 3 X r T
e ¥ 7 ! i Q
Y . " . ¥ :
H - -, ! ¥ . _ '
R v : 2 / 4 oL e :
1 S & .rl_ i : , ; _,
it e Wil o LW, = 2
- L : i : |
1 }
-~ ., |
g - » .
\, J = i e
: = .. i
s = 1 - o X L
) W X B T 8 ,
o } F: e :
; i .
el \ : 3 L -
4 5
i RS - 2 kg : & 3 ‘ o ha
; . 3
. -y e
> ] ’ 3 | n |
, i ol
) woil 7 : |
y . i L > : .
¥ A i [ s I | 5
] A | |
4 A 4 L, \ i ] - ;
= ‘ ‘ 2 ) by 4..- ; : | h
1o
| | i - i A h
| i
3 a , '
1 ’ ¥ i |
i ’ 2 e _ i .
s : : | | :
4 1R PR g I
] . % - ; f 5 |
| ‘ ; i v oA
~ s \ ]
\ J . . ~ A , _
\ : - e H :
" . | |
il .
A"
/.
. .
\ 3 v
% e - A
3




the central and southern parts of Arizona.

In the upper basgin, that is, the Dbagin above the
Grand Canyon, there is a large area of land under cultivation,
ebout one million five hundred thousand (1,500,000) ecres, mostly
on the heodweters and tribubaries where diversions from the
streamns are eesily accomplished. The irrigation of the land,
however, re uires little water on account of the high altitude,
cold,elimate, and short growing season, and part of the water
applied returns underground to the stream. An even greater
area, now idle is susceptible of irrigation, part of it, however,
2t such high cost as to meke the pmiects of doubhtful feésibility.
S3tudies made by the United States reclamation service indicate
that the irrigated arca in the upper besin will be increased to
3,000,000 acres.

In the lower basin, below the Grand Canyon, the areas
irrigated in 1920 included 39,000 acres between Weedles and Yuma,
mostly on the Californis side; 54,000 acres in the Yume project;
415,000 acres 1n the Imperisl Valley; and 190,000 acres south of
the International boundary line = a total of 698,000 acres.

This total is glmost exactly double the acreage irrigated in 1918,
showing the rapid rate of increase in the use of water in the
lower basine The vossible extension of irrigation in the lower
bogoin has not been determined fully, but conservetive estirates
indicate that the following additional areas can be brought under
irrigation: 260,000 acres between Needles and Yuma, 150,000 acres
of which is on the Arizona side; 76,000 acres in the Yuma projJect;
400,000 acres in the Imperial and Cochella Valleys; and 630,000

goeres in Mexico, bringing up the total of irrigated and irrigable

-’




acreage to well cver 2,000,000.

-~= Wiater supply &t Boulder Canyon =--

On the Colorado River and its tributaries many geging
stations at carefully chosen locations, heve been kept for varying
periods of time, some of the records cxztending over 85 years.

The records of stream flow at Yuma have been kept since January,lo02.
The geging station is below the Gila River and below the Yuma
division dem, but shove the headgates of the Imverial Canal.

The sverage annual flow at the gaging etation for the pericd

1202 to 1920 wasg 17,400,000 acre feet. Had the present irrigsted
ares been under irrigation thraughout the period of the record,

the average snnual flow would have been about 16,000,000 acre feet.
The average flow at Boulder Canyon is prectically the same amount,
since diversgions and losses between Boulder Cenyon and Tuma are
balanced by the inflow of tributaries.

Most of the water comes from the upper bagin. At the
Junetion of the Grand and the Green, the average annual discharge
of the Grend is 6,900,000 acre feef and of the Greemn, 6, 500,000
The CGreen and the Crand end the San Juen rivers together, though
draining less than two-fifths of the area of the Colorado basin,
furnish 86 percent of the total water supply, By far the greater
part of the precipitation in Colorado and Wyoming is in the form of
SNOW. During the winter the snow accumulates to grcaet depthse.

The melting of the snow during the spring months produces a long
neriocd of high water, the annual flood, which lasts from two to

three months and resches its highest point at Yuma vsually in June.

.




A filow of 186,000 cubic feet per second was recorded at Yuma in
June 1921. The low water season beginsg in August and lasts from
three to seven months. The minimum flow at Yuma hes bheen below
4,000 cubic foet per second during several low water seasonsge

The Gile river drains an area of 57,000 square miles.
While the average annual discharge of the river is not grcet, it
is very variable. In 1916, the digscharge of the river at its
mouth wes 4,500,000 scre feet, in some other years the total has
been legs than 100,000 acre feete. Short lived, "flashy" floods,
greater than the highest pesk flood on the Colorado occur at times.
The flow oﬁ January 16, 1916 reasched 220,000 cubie feet per second.
Tt ie fortunete that the Gila floods do not come at the same tinme
ag the Colorado floods, in May or June. Should they coincide,
the menace to the Yume and Imcerial valleys would be intensified

and the levees would bhe overwhelmed.

mmmwBegaryoir Sitegm—m—

There are hundreds of storage slites in the uuper and middle
parts of the Colorado basin. Many of them have been surveyed,
and at several of the sites the depth to bedrock has been ascertained
by Aiamond drilling. The Strawberry Valley sits in Utah and the
Roosevelt site in Ariszona and some snallisites have been occupied
already. Por the complete regulation and utilization of the river,
there are adequate natural opportunities, the real problem is as o
which is the best. A few of the largest and most promising sites,

those which are of greatest public interest are ag follows:



Height. Bedrock  Cepacity

Name Location Feet Deonth,ft. Acre ft.

Dewey Grand River 215 44 2,270,000,
Mlaning CGorge Green 215 né 3,120,000.
Juniper Yampa 200 24 1,500,000
Quray Green 210 121 16,0004000.
Junction Grand & Green 250 120 7,450,000
Bluff  San Juen 264 — 2,600,000,
Lees Ferry Colorado 700 e 50,000,000.
Diamond Creek  Colorado 284 40 e ———
Boulder Canyon Colorado 600 135 31,400,000,

;ﬁojave, oxr
Dopock Coloredo 150 i 9,000,000.

lieny of these sites are sexcelle:nt and will undoubtedly
be developed in time, both for power purvoses and for sgricultural

-

diversiocone.

--~= Boulder Canyon Dam =-=--

The demand for & large regulating reservoir on the lower
Colorado is wurgent and imperstive ~ first, for regulating floodls;
second, for providing storage water for irrigation; and third,

for power. Without the power, the reservoir is not feasible a

ck

all, as the expense would be too great to be borne by the other
interests alone.

The regervolr site provided by a Gam in Bouldexr Canyon, or
its continuation, Black Canyon, is the lowest point on the Colorsdo
River where & site of sufficient capeacity can be found.

Any large reservoir on the Colorado must depend for ite

financial feasibility upon an availability of an sdecuate mexrket



for not less than helf a million horsepower of electric energy

within economicel transmission distance. The prineipal avaeils

narkets are:

le The Pacific slope of Galifwrnia, including the
eities &f Los Angeles, 3San Diego, Riversidse, etec.
P Irrigation pumping in 81l directions.
De The mining regione of the mountaineg in Arizona.
4o The elesctri gtion of the Southern Pacific,
the Sante Pe and the Union Pacifiec Railways
and their branch
5o The ecities of Hevn&n Utah, Colorsdo, Arizone,

itie .
lexxico and the hlniﬁ regions Pﬁaece 6 to

New
Theme
Several proposals have been made for the construction of
g dam furthor up on the river than Boulder canyone. Thege

proposals have come chiefly from intercsted parties in Arizons

fued

who are influenced by the arparent nearness to central Arizona

3

of such a site ag CGlen Canyon, Lees Ferry or Diamond Creek.

A thorough investigation has shown that from all standpoints
the Boulder Canyon site is logicelly situetéd for the initisl
development.

le ° The economicel regervoeir capacity at:. the Boulder

fanyon site is almost ideal for the four purposes: flood

control, irrigation, power generation, ahd silt storage.

ey

. Ihne gite is close to its drrigation loaéd and thereby
reduces losses due to uncertainty in reguletion to a minimum.

Se Boulder Canyon isg centrally located in respect to
all of the demands for power thet will be made on it and it is
the closest feesible site Lo the heaviest potential Gonsumer of

power, Los Angeles city and the surrounding territory.




Other desirsble =ites may be developed further up the
river in the future - there they will be well located to supply
markets in the states of Arizona, Utah, Coloxado and New lexico.
Development in those states has not at present reached a pdinﬁ

where large cmounts of energy could be consunede.

e Statistics, Colorado Hiver Bagin =—--

Politicel divisions of Colorado Basin.

Wyoming 19,000 gge miles.
Colorado 39,000
New Mexico 23,000
ARTzone 103,000
Utah 40,000
Hevada 12,000
California 6,000
Total, United States 242,000
Total, Mexico 2,000
244,00

B I e . - ™ e

--==Unper Basin, Aerea%a irrigeted and irrigable

future R
ATDitional
Irrigated 1920. possible to Total

irrigate
Green Riwer Basin 643,000 1,212,000 1,856,000
Grand River Basin 542,000 412,000 954,000
San Juan River Basin 157,000 729,000 886,000
Price River Bagin 20,000 50,000 80,000

w] Qe



Additional

. Irrigated nossible to

1920 B irrigzate Total

3an Rafeel River Basin 80,000 £0,000 100,000
IRemont River Basin 16,000 30,000 46,000
Little Colorade River " 12,000 45,000 64,000
Virgin River Basin £6,000 - 40,000 66,000
Iscalante River Basin 2,000 2,000 4,000
¥enah Creek R 2,000 2,000 4,000
Farie River 2,000 2,000 4,000
Other tributaries 7,000 3,000 10,000
e 1,526,000 2,547,000 4,073,000

-=-=Lower Basin, Acresge irrigated and irrigable in future----

Mature additional

I rrigated pogsible Total
1020 = gravity gravity . pump Ultimate
Above Ilaguna Dan, 39,000 189,000 77,000 305,000
Below Leguns Dam 469,000 526,000 120,000 915,000
TOTAL United States
508,000 515,000 197,000 1,220,000
Mextkco 190,000 547,000 63,000 800,000
GRAND TOTAL
Lower Basin 6938, 000 1,062,000 260,000 2,020,000
Gila Basia 430, 000 400,000 === == 820,000

-~==Digcharze at Boulder Canyon-——--

The discharge of the river at Boulder Canyon has never been

recorded directly. It is arrived at by taking the discharge at Tuma,

1 B



ARTIzong; and adding and subbtracting thereto certain losses and

gaing in the water of the river betrween the two points.

hcre feet

Average discharge of Colorado at Yume, 1903-1920 17,400,000
Diverted above by Tume project 150,000
Total discharge 17,550,000
Discharge of Gila 1,080,000
Betimeted at Boulder Canyon 16,470,000
Past denletion (Average amount discharge 560,000

viculd be lessened if cycle reoccured
with present development)

Remeinder at Boulder Canyon 15,910,000.
Future depletion
Development, upper basin (2,547,000) 4,230,000
additional evaporation% reservoirs
in Canyon section. (50% area of
possible additional reservoir sites) 1,360,000

5,590,000

Remaining water 10,320,000.

-=--= Demandg on water sunply at Boulder Canyon=--=-

Th

"he demands on vater supply at Boulder Canyon will be for
irrigation of the entire irrigaeble ares below, both now irrigated
and e gtimated sdditional, and diversione from the beasine.

In computing the irrigation demands the following assumptions
are made: annual gross demand for irrigation, gravity, 440 acre feet
ner acre; pump 350 acre feet per acre; annual net demand above
Laguna Dam, consumptive use, & acre feet per acre.

Diversion from the basin will embroce 1000 second feet stezdy
flow for the proposed Los Angeles aqueduct. This will amount to




724,000 acre feet per year.

®

Betinated ultimate demand

Diversion duty (305,000 aseres, duty, 30; 1,532,000
acres, duty, 4.40; 183,000 acres, duty 3.50; total 2,020,000 acres

duty 4.10)

Month. Acre ft. Total
per acre Diversion dcre ft.
. January <11 230,000
Pobruary «20 400,000
March «39 780.000
April 42 850,000
lay «48 280,000
June +56 1,140,000
July «56 1,140,000
AUgust o4 950,000
Sentember + 359 800,000
. October 27 850,000
lovember +16 330,000
December 09 150,000

I e
8,300,000

Diversion to Los Angeles, 1000 second feet —--=- 724,000
Total desmand 2,024,000

Although the foregoing estimates and asssunmptions rest
on many uncertainties, the genersl conclusion nay be drawn
L]
in the light of precent knowledge that the water sunply of the
& ¥ i

A ey

Colorado is egual to all of the demands which will be made on it.
. '} 5_




---— Storsge recuired ----

The nlan proposed will provide for coemplete regulation
of the river with the idea that surrlus water be used to dcvelop
powerat ZDovlder Canyon and thet loter ag development above decreases
the discharge available, release for power will be decrecsed.
lecrcese in release for power, there will be
less capacity in the reservoir whielh must be reserved for
storsge and convegyucntly wore head avallable for power. This
workd out catisfactorily, especially if the Boulder Canyon
plant ig tied in with one above where discharge can be r eguleated

aceording o power needs.

-——= Gtorage computationg ----

Acre feet

Average annual discharge at Boulder Canyon

after allowance for past depletion above 15,7C0,000
Average future deplbion from upper bvasin 4,070,000
Ultimate discharge s DT

liags computations pive the following results:

Average annual draft 11,670,000
Storage required for complete control 25,000,000
Aversge annual,eveporation (5 £t depth) ___520,C00
Average useful ennual drald : 11,150,000
Ultimate irrigation needs for lower basin 8,300,0Co
Used for power 2,860,000

=1 =




The>reservoirs which £i11 fecsible govermnment pypjeets
for the river regulaﬁion are the Dewey, Juniper, Flaming Gorge,
and. Boﬁlﬂer Canyone The use of the water for power end flood
control st the first three is s problem which must he solved
as develoovment sbove proceeds. Its use at Boulder Canyon will

be further traced.

-~== Boulder Canyon dam —---

Two dam sites heve been investigeted and explored in a
prelininary way by the United 3tetes :geological surveye. The
two aites are sbout £,900 feet apart, the upper one heing
some &,500. feet down‘strcam from the head of the canyon as
determined by Boulder wash. Both sites are feasible and £n &
way similar. The upper site, however, offers many advantbages
over the lower one. It ig more accessible, less confined and
offers & better location for power house, outlet works and spillwaye.
| Two general types of concerete meosonry deams have bheen
investizated = the grevity type and the arched type. The two
types give nearly identical costs for counstruvetion while the srched
dam will be much more expensive for »nower developnent. For
gdditional stability the gravity type should be arched in plan.
With & 31,400,000 acre ft. reservoir the dam will have a maximum
height of 785 feet of which 6056 feet will be sbove the original
low water surface. The length of top in this case will bhe about
1,250 feet.
A spillway capacity of 200,000 second feet hes been
tentatively assumed ané the spillway desipgned to pass this
quentity with a flood~water surfsce elevation of 1,300 with the

-



31,400,000 acre £t reservoir. A 10 foot encwoschment on the
freeboard of the dam gives a gplllway capacity of 300,000

second feet. The weter will be diverted by meens of tunnels
and shafte to the river below. It is very impvrobeble that a
guantity of water greater than 50,000 second feet will ever need
to be psssed by the spillwey with proper regulation of the
reservoir level and the supplementary use of floed storage and
control gates.

lj

=3

he irrigation dsmand will require outlet gates of

about 85,070 second feet canscity. Prelinminary studises

indicate that this quantiﬁy can be passed through 60 - 72 inch
bealanced valves. These velves will be loceted at different levels
go thet they may be opeiated under a maximum head of 150 feet for
irrigetion purposges. A portion of irrigation water would at all
times pess through the vower plant, which leaves & large ezcess
gapeacity through outlet” gates for irrigetion end flood control
PUrpOSeS. The water not so used will dischiarge into the spillway

shafts and tunnels.

~=-=~=Power development --=--

Prelininaery studies have been made for power development

based on various regervoir capacities. A comparison of nover
developed with various dlscharpgee leads to the conclusion thet
L Dinfn in the United 3tates and the lands under the All-American

and Tuperisl cansls in Mexico and the pover developnent based
on the minimum irrigation discharge of 13,500 second feet. If
a 51,400,000 acre foot reservoir is provided and the game lands

irrigated with the minmamum discharge will be 14,300 second feet,

-18~-




which under a minimunm head of_zgé feet, will develop 563,000
horsepower of firm power. The additional digehrrge of 1000 second
feet for the Los Angeles aqueduct, unéer s minimum head of 394 feet,
will develop 39,400 firm horsepower.

However, materially greater firm horsepower could bhe
developed by a different reservoir operstion vhereby the amount
of water released for vower is varied inversely with the hLead.

Under guch operation of the reservoir, pover water would be

conserved at times of full reservoir and hich head T

or use at

P

times of low reservoir end smsll head.
The two following plates were furnished by MNr.Conkling

and show the operciion of Boulder Canyon Reservoir of 51,400,000

~acre ft. capacity as follows:

Qe Operation of Boulder Canyon Resgervolr besed on the
development of 700,000 firm horsepower in c¢o nec¢tion with the

irrigation of 1,505,000 acres in the lower wvalley.

De Opergtion of Boulder Canyon recservolr based on the
d;velopmenﬁ of 600,000 firm horsepower in coinection with the
-dirrization of 2,020,000 ecres in the lower valleye.

Both plates are based upon the assumption that the
fficisncy at the turbines is 88% and ﬁﬂat the discharge at Boulderx
Canyon 1s 1,500 second feet more than the recordied flow at Tasuna
Dore This figure is based on the estireted evaporation and
depletion by developrment of the waters of the river beti een the
two points.
The plates do not include the sgdditional power develcped by

the discherze of 1000 second feet of the nroposed Los Angeles

=3 G



aqueduct. Thig source would yield 500,000 addiitional

w
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oTSPpOWeT.
Although the feasible irrigetion projects in the lower

basin comprise 2,020,000 acres, the probable development during

the next 30 years will not excesd the 1,505,000 acres which

is assumed Tor the development of 700,000 firm horsspovers.

a8 developuments proveed in the w per and lover basin, the discharg

available Ffor power will be gradually decreased, finelly with

full éevelopment, the Tirm horsepower availlable will totael

650,000,

-—=w=Power equipment—-—--

With the 31,400,000 acre f£t. reservoir the power
instellation would congist of 12 = B7,000 horsepower vertical,
variable=head turbines direct connected to 50,000~ kilowatt,
11,000 - volt, 3 phase, 60 cycle generators, with nscessary
switching and auxiliary apvaratus. The power house would be of

conerete construction located at the dovn stream toe of dame.

Switehing spparatus is proposed for two circuits heving
capacity to transmit the full power output of the plant.

Irovision should be made for two future circuits. The switching

apparatus would be of the outdoor type, located on the platcau
north of the dam at eleveticn of 1,600. The transforier
installation would include thirty-six 18,000 - kev.a. single
phase transformers.

"he generated voltage of 11,000 will be ste ped up to

280,000 volts Ffor transmission to the proposed tranaformer atatinp
near Los AngeleS. It is believed that the use of £20,000 vol

up to 250,000 volts for transmission would be very decirable both
DY
=l



v

from an sconomical standnoint and also because it wounld be
soggible to nmore easily tie the systen in with cdher large sysbems
in the southwest that will undoubtedly be standardized at these

voiltages in the near fubure.
s o GGSLS S o o

A preliminery estimate gives the following as the cost
of the dam including right of way, reilrecad, csmp, construction
iversion works, spillway, outlet works, end other
minor features, together with the power house and trensmission

Yol ke,

750,000 Tirn howrsepower development.

Dam $ 55,000,000
Fower plant 53,000,000
Pransmwission line 27,000,000

650,000 firm horsepower develovmendt
9 & &

-,
T vy

Dax $ 55,000,000
Fower plant 29,000,000
Trensmiseion line 24,000,000

TQ AT $108,000,000

3ince the sale of power will ncecessarily pey for the

entire cost of the ~roject it would be desirable to provide for

the development of the entire 750,000 firm horsepower. The

construction cost would be increased only 7% while the power

vield would be inereased 15% over the corregponding values

=

Tor the 650,000 horsepower instsllation.
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———= 108 Ansslies Agueduet ---—--
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A tenative plan hes been devised for the construcetion of
& aystem designed to convey water from the Colorado River to the
gsection surroundiing Los Angeles, Celifornia. A route which has
been tenatively selected arranges for the diversion of 1000
gsecond feet from the Colorado River at & point near Blythe, Cal.
¥Prom there it would be Suc¢eSSively punned and conveyed in
conauit by way of Chucewalles valley, liecca, Indio and the lochella
valley to San Gorgonio pass at a point near Banﬂing. Iear Banning
the conduit would pass underground and come:out in the San Timateo
Cenyon &t & point sbout 10 miles above Redlands, Californisa.
An alternate plan would bP;tO have the tunnel deliver the water
inta the 8an Jacinto valley thence to be conveyed into the San
Bernardino valley at a péint negr Riverside. The lsngth of the
aquedu@t from the point of diversion to Redlands, Californise
would be approximately 185 miles. Pumping to a totel height of

2160 feet would be necessarys.

- Tolume of Vater lleeded ——--

The present Loe Angeles Aqueduct brings to the city an
average of 200 secondé feet of Owens valley water. This is

further increased by local sources of supply to not more than
300 second feet of average dependable flow.

The denands made on water supnly as metered in Los Angeles
is approximately 125 gallons per capita daily. 4Lt this rate the
Los Angeles Aqueduct would supply & papulation of 1,030,000
people. The number of people supplied from this source st

-




yresent is nesrly 500,000. The remainder of the water together
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veloped ldcally is used for irrvigat

i“h

on in Ban Pernando
Valley and on the Coesstel Plain near Tos Angeles. Adequate
provision for agriculbtural devslopuent deuands that the water now
quentities be put to this use as soon as the water becomes available.
Additional dirrigation in the foothill digtricts will he nsde
poseible by the construction of the Flood Control projects now
under way so that these districts necd not be further considered.
An additional supply of 1000 cubic feet per second at an
averagetonsumption of 125 gallons per dey per capite would supply

g8 population of E,170,00C people. It seems reasonable to presume

01) ks.“;.--«v w 011 v 'Li O:h.

could be supplied in the fubure from the water supplied by the

That Los Mlm“lag City, with its surrounding territory, vill
soon reach this gquota is a probability that has substantial
baciking in the records of growth in the past snd the resource
and possibili

The pro b&b‘Wity.thaﬁ the population snd the gection would

greatly exceed this amount in the next B0 years is a possibility

T P o s e e > 3 P Lo - W
that has to vegue a foundetion to be considered in the design
of & wolter supply system for the city.




Wi DEPEPETON s

Thie Black Foint diversion dam would be whbilized ag the i

1 ine
talte of the proposed Los Angeles agneduct. Thig dam i located

at o Rock point known as Blythe Heading where the msin canal

divertg. Here the river strikes the granlte ledge and is
divertsd to the oppnogite ban¥ of the channel. The river has
always hugged this bank and since the main current strikes the
heading it 1s elwvays free from ¢ilt fdeposit.

fe present Blythe Hesding is e concrete intake placed
in the granite point. Tooden emergency getes with stecl
socrew 1ifting devices frrnish the control at the intake.

he intelke and meirn canal is owned by TPalos Verdes Valley Irrigation
distriet and is of sufficient caracity to irrigete the 78,000
acres which ig the ultimate irrdgeble scrcage.

Additional acrea which are proposeﬁ.to be served Lrom
intae are %0,000 acres on the Pelos Verdes llesa and 72,000 scres
in Chucawalla Vallay.

The city of Los Angeles would co-operate with the Chueawella
Development Compeny and the Talos Verde Valley districts in the

constroction of o diversion dam and main canel virieh would sunply

the coumbined denand Zor water at this point.

--=~= Blythe Intake to Fagle liountainsg ----

Blythe inteke is located 12 miles northwest of the town
of Blythe, & town of 2000 population in Iiverside county,
Californiae. Tge main eanal‘will extend to & peoint near the
Galifornia Southern Reilvey, five and & helf miles north of

Blythe. Here I1{ would be divided into ceveral submaing, the




first and largest @ill divert gsouth to the lands of the Talos Verde
valley; the second will extend southwest to the gravity lands of
the lalos Verde lesa; the remaining water will be pumped a height
of 205 feet into a high line canal which will serve the high
londs of the llesz and continue on to the Chucawalla Valler A
partion of this water will be used to irrigate the lower sectiouns
of the velley vhile the reraining water will be pumped an additionel
1C5 feet where it will serve the high level irrigation vnroject

and further serve to convey the water of the agueduct toward its
destination. This cenal will carry the water as far on the low
reange of hills known asg the Tiegle lMountaeins vhere the acueduct
water which only remsins will be again purped.

An elternate plan, which will not be further discusse
i1s to pump the aqueduct water a height of £7°0 feet directlr from
the main canal. Thence it would skirt the hills to the north
of the Chucewalla Valley, arriving at the sane nlace near the

Tegle Ilountains where it would again be pumpead

Le

P\'Y\

he advantages which Ffuvor the first plan are;
Be The same canal may be used to serve both &g an irrigation

main and a8 aqueduct thus minimizing conveyance losses end reducing

the construetion cost.

b The game pumping plant ray be usged for both puroses
thereby decreasing the plant and operation costs and incressing

the flexibility of the syctem.
Ce The route chosen for the irrigstion canal is

adventageous from & construction sgtandpoint on account of

i e GO

regular Topogrephy on the southern edge of the Chucawalla Vallew.

" fhe conbined system would cermit the use of sild

"UiGCWﬁ'b in the main cansl.
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This is particularly advahtazeous on account of the large

gilt content of the walers. Skirming boards form an elrost

id8eal way of removing the bulk of the mater carried in suspension.

In the cese of the eouwbined gystem these counld he located at

JJ

lateral heasdings, the agueduct water being skinmmeld over vooden
flash boards while the lover sediment bearing water could hée
slniged into the latlerals ieaéing to the lands directly below
thus serving the double purpose of @éﬁsilfing the agueduct water
and enriching the valley flow.

The poseibility of locating 2 settling reservoir at one

of the dry iskes of the region has been investigated dbut the
calculated - logs by evaporation at one of these, FPalm Dry Lak

Bt - A

smounted to spvroximestely 500 second feebt vhich rendecred it

infeazgible
The factor which favors the sccond or individusl plen is

the infe endence of the pumping worlkrs and conveying cenal.

The water would also be lifted igher at one 1ift malking the unit
cost lover. It would alano permit of Det ter congtruction end the

covering of the cansl to prevent evaporeation and contamination.

A swkmary of the conbined s ysteu ne far «8 the I

e 2 &8 the .“g;c.:.‘\'f
untoing will be glven:

™" i

Rlevation of canel at diversion point

o

OGD
O

Ol

feet

Irrigasted erea served 180,¢ acres

Irrigation demand (max. .48 acre feet per
acre, rer month, besed on duty of 3.5 feet)

1,440 sea.ft
Camal cepeacity at heading 2,800 7 "
Length of main canal ¢ miles
Tlevation at end of mein canal 270 feet

w6




e o
Irrigated area served by pumping station Fle. 87,000

Irrigation demamd (maxiiunm) 696
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head of pump
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Alevaetion at delivery 475
Length of cansal section : 26
Blevation at

end of canal section 44.6

served by pump station

fAv]
®

Irrigated area £2,000
at

ion Aerend (maximum) ’ 1¢6

Canal cgpacity at head of pump 1,200
1@3{;1‘1} of 1ift 105
Tlevation at delivery 551
Tength of canal section 58
Flevation at ond of canal section 515

Road distance from Meces (and of cansl section) : 40

---=- Bagle llountains tc Bonning ----

£
-

The elevabtion at the arbitrarily selceted point 40 mile

o
i - LRl 1
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;he sgutonobile hi
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o
IS :

from Jhway is assumed to be 518 feet.

- E ot e =~

From btuis point on the agueduct would be & covered conduit with

& slope of 1% feet per mile, or .000884. The erproximate
distance traversed by the condult from the Iagle llountains ﬁoinﬁ
pasg, 12 miles to the east of Ilecca is 34 miles
The elevatiOn ot he pass is 1,708
feets ™wo 1ifts would be nsged in attaining this elevation
400 FTeet which would serve to carry
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distance of approxinctely 2C miles on the
of the valley. The gecond 1ift of 825 feet would earry the

water the reneining 14 miles throuzh the steeper portion of the
cenyony reaching the cumit ot elevetion 1,690 vhiech would

necessitate 2 cut of 16 feeb.

Trom the surmit of the Mecca -Bl agg the squeduct

would skirt the southern edge of the Cottonwood Ilountaing and

follow the foothills of the San Bornerdino Ilountaing along the
north side of Cochella Valley for a distance of 60 miles, entering
san Corgonio Fass at nearly an elevation of 1660. It would pass

to the south side of Gorgonio Pase there to be pumped 625 Ffzet

DU E 8
to elevation 1625 feetb. The conduilt would enter the pround ncar

Banning at elevabtion 1615,

-=—= Bamning to Szn Bernsrdino ----

Tne tuwmel which ueads abt Dasning could have either of two

terminie

{1} It would be run for e distence of 104 nmiles,

passing under the tovn of Beaumont, and fterminsting in th

{1

an: Timoteo Canj ea 1e Southe r: acific station, Alexis.
San: Timoteo Centon near the Southern I acific stat 1

Thence it vould continue under a siphon head either deown to the
Gan Bernardino Valley or it would skirt the foothills on the

San Bernerdine Mountains and arrive in Tios Angeles on & high line

gradient, depending on the right-of-way concessions which could

be obta

-
neds

o

(2) A 4.2 mile tunnel would bring the water out near
the head waters of the Totrero Creek which runs down into the
o)

3an Jacinto Valley. From this point it would continue either:

e §2 £3 e




.é‘eqf‘:ib‘n‘ of Tunnel.
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Se Along the foothills to the north of San Jacinto

and Allesendro Valleys to be delivecred into the San Bernardino

Vaelley near Riverside.

Do B

v & nine mile condult slong the Bad Tands Hills

to a point to the west of Saborda Canyon there to be conveyed

by & 1«7 mile tumnel to & point near Alexis in the San Timateo

6!

T,

L5

FOTL e

2

Trom all indications the first plan, involving & 104 mile
tunnel ig the most feasible and also the most desirable.

Swiary, Zagle Mountsins to San Bernexrdino.

Grade 0f caneal LCOOLOE
Tlevation of canal at Dagle llountein 5148 feot
Height of 1ift 400 feet
Flevetion at point of delivery 815 feet
Length of section 20 mniles
Tlevation at end of section 885 feet
Height of 1ift | 825 Teet
Tlevation at point of delivery & Tk feet
Tength of section to pass 14 riles
RElevation at llecca Blythe suwmit 1,690 feet
Length of sgection swnit to Cebezon 60 miles
Mevation at end of Cdbezon steftion 1600 feet
Height of 1ift 685 Feet
Mlevation at top of 1ift near Cabezon 28256 feet

2 e




Tenzth of

Mlevation

5 -

Length of

Grade of

Nlevation at point

Distance,

section to Bamning

at tunnel heading

Tunnel

B e Bl
timnel end O

Hlevation, Redlands

Redlande to Los Angelco
T
e e sk T4

(Aix

Elevation, Los Angeles

Tength of

Yecca Blythe

acuneduct from Dlythe

o
LTS

tunnel (2 ft. 1 mile)

of energence

Redlands

2 P .
nestL e

(Cagle llountsains)

Furmdit rass

- (abezon

Tunnel heading

Tannel

el end (Alexis)

Radlands

Los Angeles (Air line)

T0s Ang:

les (B othill)

Total coubined height of 1lifts

104 miles
+00038
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ft.

2 miles
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2 miles
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M™e cost of the Tos Angeles Orens

823,000,000; its length 233 miles; ite

Valley agueduct was

canacity 420 sececond Ffeet.

The conditionsfor construction were similer. Tehor 1225 = 1950

will mrobably be twice as exoensive as

of cost due +to size will Ltz zbhout l.5.

in 1905 - 1910. The retio

. t‘rqn
Probeble aqueduct cost - B23%,0005000 x 2 x 1.5 S

..u. "T‘f"j‘
$86,000,000

Cost of pumping vlantes (1000 second feet x 2160 £%)

14,000,000

Total cost (Probebls minimum 100,000,000
Total cost (Probable maximum 150,000,000
~=== Cost of water at Los Angeleg =-—=—-
Cost of pumping
Horsepower at 887 efficisncy = 280,000.
{ilowatts = 208,000.
ost per hour @ 4y per KW hr = $ 1,040
Pumping cost rer 100 cu. £t = 3 0289
Fixed cherces:
Goss of amyueduct $125,000,000.
Interest (425) 5,620,000,
"Depreciation (3%} 3. 750,000.
Yearly charges 9,370,000.
Pixed charges 100 cu. ft. & 0298
Cost of 100 cue. ft. delivered to Los Angeles 5 0585

HMeximum eapacity.

Mixed chargee lco cu. £t with agueduct
delivery ““11 capmeity

o 0593




Cost of 100 cu. ft. delivered +o Loo Angeles,
helf c g acity 3 .0881

===== Power developrent ~--=

The total power developed at Boulder eanyon; 750,000

horsepower initial development, decreasing t¢ 650,000 firm

horsepower with final dévelopment coudd be used very nicely

in a wriety of ways: It could be used in the cities of the

southiwest snd in the attendant indgstries, for electrification

of railroads in the scuthwest, for pumping both on
srojects and on the preoposed Los Angeles agueduct system and for
use in the cities ard nmining districts of the stetes adjacent
to Boulder Canyon.

Uszse in s Angeles:

The total pover output at the Canyon plont could be

entirely diesposed of in the growing Los Ang

district. The Southern Californis Bdison Company zow

supplies ahout 3C0,000 horsepower to the section.

Angeles Iunicipal system su-rlies 72,000 horsepower, with a

The Tiog

maximum pogsible ultimete development of 220,000 horsepower.

Until recently thege sources were believed to be sufficient

provide for the eity's commercial, industriasl aend domestie

neod.ge. But in the : hort sypace of two years 150,000 additional

horsepovwer made available by the Southern Californis

Hdison

Coupsny hus been entirely utilized. The production of steal,
cn a lo¥ze seele with the sttendent manufacturingindumiries

only awalts the time vhen large blocks of demendable, chrap

vower is laced on the meriet. Prom this it

O

H}

may bhe ind

errol

zZ
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that any part of the 750,000 firm horsenover gencrated at
Boulder Canyon vonld be readily disposed of as quickly
a8 it could be supplied.
Glectrification:
Dlectrificetion of the razilroads of the southwest
would not he provided feor at thic tine. Tlectrification
involves a large expenditure of capital which is only occasionally
Justifiable in the present e conomic order The first roject

was initiated in 1895. At thet time it was believed that the

gtean locomotive would becoms obsolete in the gpace of 20 years.

Flectrification has geen very little progress since that tinme,
Hoveve s It is ovtensively used for terminsl opesration

and under specicl conditions where the gteam Locomotive is &

nuissnce ox its cepacity is too linited. TNlectrification

.
on & large srcle in the open country hes been tried in only
one instance in the country, notably on the Chicego, ililwaukee
znd 3te. Psul Railroad. On this project competition is
ahsent, water-power on e large scele 15 cheap, end fuel is very
S8carce: vet elthough very successful in operation it qas_yet
to be proved succesgsful financisllyz.

In the southwest, fuel o0il and coal are relstively cheoap;
there are no gnecial terminal conditions vhieh must be net,
and the rgllrosds involved are too scettered to nerrit of
sconomic compect clectrification. In the future developuent
of nower upon the u per Colorado,nearer %o the railroads and
further and less useful as a source of power to the southwest,
nay permit of feasible electrification.

Pumping:

The operation of the fol-rado river - Los Angeles agueduct

¥ 1




would require 280,000 horsepov er ZFfor pumping water under

full cepacity. The only fessible source of supply of

this power ic the Bouldéer Canyvon projeccte. The averaype dermand

from this gouree would »robably not exceed

200,000 horsepover.

4

Thic

r

would be furnished, either by a single circuit from the
Boulder Canyon déam or by re-transmission from & ceéefitral
distributing point near Los Angelese. The vse of elesctrical
energy from this scurce for pumping on the various irrigetion
projects on the Loe Angeles River seens unjustifisble on account
of the erall and fluetuating emount of povor used and their
scattered location.

Qther stetes:

i

The use of power for the mining and urban disfricts

of other states will not be, for some time toc come, larger

than eén be generated locally. Provision for increased demand
with develorment of these districts would be made with additionsl

power developument on the upper Colorado River.

we—w Cugntity of Pover ---=

It has already been steted thet the initial developument
of nover will be spproximately 750,000 horspower, decreasing to
650,000 firm horsepover £s development on the river nrogresses.
"{th increased development end control of the river above the
dam, the storage reserved for flood could be decreased and the
power output increased with the increase of head. With this
modification, it is doubtful if the firm power output o ld
ever be decrcased below 700,000 firm horsepower.

The maxirmm hasepower gemersted under peak loads would

" .




excaed 800,000 poru~1d‘gr*

power necossary for pumping on the Tos

between 200,000 and

0,000 hor

Los Angeless would
There would

7 500,000 horsepower.

i

3, 100,000 horscnower conld be used in the nearby

U_

400,000 hows

A four circuit line

r-gonnection.
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leVeas A higher voltage than this would be wasteful of circuits

s aprage | 2
gince four cireuni

would bhe unnec

W s

be very uheconom-

jenl even fronm ndard of 1000

volte per nmile of transnmission line.

double-cireuit lines for the acueduet pumping distriete

