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TEPARTLENT CF THE INTERIOR
UNITED STATES RECLAMATION SERVICE

RFPORT ON
PROBLIMS OF IMPERIAL VALLEY MND VICINITY

Required by

Act of Congrsés agyroved May 18, 1820

41 Stat. 3 6C0

(Public No. 208 - 65in Congross)

Fobruary, 1322.

NOTE: This report is based upon exterded enginsering studies,
surveys 2nd cstimatas, and statistical date on Tile with
the Roclemation Service. This mzterial, vortions of
which formed appendices to the original raport as subtmit-

ted to Congress, ie not invlud.ed. here.
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DEPARTHINT OF TEZ INITRICR
UNITED STATES RECLAMATION SERVICE

Washington, . C., Feb. 4, 19322,

The Secretary

of the Intorior.
Sir:

Transmittad herewith is "Report on the froblems of
the Lowar Colorado Basin," required by the Act of Congrass
approvad May 18, 1920, entitled "An Act to provide for
an excminetion and report on the condition ané possible
irrigation devulopmenf of thc Impcrial Valley in Califernia®
(41 Stot., 600). '

This report superscdes the praliminary report transaiticd
to you on Novaubar 27, 1920, in wiich i weas stated thot
furtaer report wonld bs made.

_ .

. 2 study of the Cclorade River Basin from the standpoint
of its use in irrigation and otherwies may de said to hame be-
gun by the sstadlishmeat of statioas for the measurem:znt of
stream dischargs in various parts of the basin in 1894 and
1895 by the U. S, CGzological Survey. One of f:';wse stations
was establishsd at Tuma, Aritona, to intorcopt and measure
the dischargs ¢f tha antiro stream, thore b2ing no triduta-
riss bslow this noint. I% was found that gage height readings
had beea kept for a cousidorabls period by thd Southarn P.acif-

ic Rallroad Compary et Yume and those wors utilized so far
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as possible, but tie shifting nature of the channel made
treir use of doubtful value, and also to a consideranle
extent vitiated the racords xept at Yuma by the Geclogical
Survey for tas first few years.

After the passcge of the Raclamation Act in 1902 the
Reclamation Service took up the systematic study of the
lower river, provided for more frequent and systematic
gagings at Yuma and other points, and mace a topegrapghic

survey of the lower valleys of the Colorado River from

Brll's Ecad to ths lexican boundary. The iuvestigations

were continued, particularly as rogards stream measurements
and the survey of reservoir sitss and borings at the nocessary
dams. In the stroam measuresment work substantial coopera-
tion was extended by the Geoiogical Survey and the results
wars assemblad in the publications of that bureau from time

to timeo.

A more intensive stuiy of the entire basin was inaugu-
rated in 1914 by a spacizl allotment of $£0,000 for this
purrose, supplemented by innual allotments in subscquent years,
and this work was finally assembled in tarzs large volumes of
manuscript by Mr, Jomm T. Vhistler., It included a reconrais-
sance of practically all of ths proposed reservoir sites and
irrigation proj;acts in the basin above the Arizona line and
tﬁe compilation of all existing data ircluding tho wator
filings and water rigats throughouf the basin, The study
_did not stop with.the randition of Mr, Whistler's report, dut

was transferred to the laver basin where the topographic survoy




of the basin was continued up the river from Bull's Head
and a detailed survey made of the provosed recservoir site
at and above Boulder Canyon.

This report has drawm frcely upon all previous inves-
tigations so far as nIcessary and aprlicable to the solution
of the protlems of the lower valley, »s required in the :ct
authorizing the repcrt.

Tho invostigations for this report nave been uvnder the
direction of Mr. F. E. Weymwouth, the Crief Eugineer of this
Service, and the detailed stugies very largaly ars the worlk
of Mr. hzrold Comxling. Aclmowl.edgements ar: also due 1o
Mr. C. A. Bissell, Er‘z.inaer; “h1o has mzde sugrlemental

studics and assisted in arrangiag ané editing' the report.
Pespzctfully,

(Signed) A. P. Davis,

Enc, 10%72. Director.
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HYDRAULIC PROBLEMS OF TRE COLOKADO RIVER.

The control of the floods, and development of the
rescurces of the Colorado River, zrc peculiarly natioral
problems for savoeral gocd reasons:

1. The Coloradc River is intcrnationzl.

2, The stream and many of its tributaries are
interstate,

3. It is a navigable river.

4, Its waters may be made Y0 serve iarge areas of
public lands naturally desert in character.

5. Its problemc are of such megnitude as to be bsyond
the reacrh of other than national solution.

That thesc problems are national in ché.raci;er, scope
and magnitude, was recognizad by the Act of Congress appro-
ved May 18, 1920, entitled, "An Act to provide for an
examination and report on the ccndi'tion and possible irri-
gation development of the Imperial Vallsy in California,"
which .forms the authority for this report.

A broai considefation of the various problems of the
Imperizl Valley and of the lands "which can be irrigated at
a reasonable cost from lkmown sources of water suprly by di-
version of water from ths Colorado River at Laguna Dum," as
required by the act under which this report is made, in-

volves a compreunensive study of the erntire Colorado Basin,




which the law recognized in Section 3, where rcport was
required upor "the effect on tie irrigation davelopuent
of the other sections or localities * * * * !

This report will therefore incluwde a geaeral review
of the conditions and watcr resources of the entire Colorado
Basin,

To make ths reporﬁ complete, data werc requirasd on
five principal lines:

1, Quantity and regulariiy of water supply for
irrigation. T

2. frotection from the floods of Qolorado Riv?r.
3, Storage facilities avzilzble.

4, Availablas land for irrigation.

5, Canal systems required to serve thesc lands,

Thz water supply of phe Colorado Basic has besn
measursd at various points for miy years, and a largs
mrber of gaging stations in aifl.rent parts of the basin
have ‘been maintgined for varying pocriods. The measure-
mants have mostly bsen mizde by the Geological Survey, but
some of them have besn conducted by-ths Rsclamation Service,
ané soms by the intzresicd States. So far as available
and pertinent thay are condensed in tais report, aud are

aa assential part thercof.
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P.HYSIOGRAP.HIC TEATURES,.

The Colorado River is foruwed by the junciion of the
Grand* and Greon rivers in southaastera Utzh, The Grand,
which by reason of ite velume may be considerad the upper
contimuation of the main strean and is also in an approximate
alirnment therswith, rises ir. northzastern Colorado and has
a length above its junction of about 450 miles. Ita princi-
pal tridbutaries are Frazer, Blue, Eagle, filliems, and
Roaring Torks and the Gunison River.

The Green is the longest branch, rises in the Tind
River mountains of Wycming", flows in a southerly directvion
into Utah and then turns eastward flowing into Colorado and
back into Useh, and has a lengin of aboat 700 miles irom
jts sovrce to its mouth at the juretion with the Grand.

ts principal tributaries are Blacks Forl, Hanrys Fork,
Yapa, Ashlsy Craodk, Duchesns River, Vaite River, Minnie
Maud Crasl, frice Piver eand San Rufacl River.

The lsngth of the Colorado from the junction ol thc
Green and the Grand to the Gulf of California is «bout
1050 miles, tkhus malkirg, with the continuation of the
(*Toot note), Recent actiam of the United Statos and of

Colorzdo and Utzh has changed tho namo from
uGrand” to "Colorado,™




Creen, 175C miles totel length. Selow the juaction with
the Green, it {lows soutnwosterly into Arizona across the
northwast corner of that State, then turning soutk, forus
+he boundary betweon Arizon: on the cabt and Nevada, Call-
fornia, and Mexico on the west, reacaing tae Bulf of Czlifor-
nia adbout 120 miles below Yumwa.

The drainage area of the Colicrado River is 244,000
square miias, distridutad as saowa in tae foliowing teblie:

AVERAGE TISCBARGES.

s Var cent: Discharge : Per cont 4. Fe
¢ of sotal: in + Sgnars:of total: per
caiscnnrgel Aorp-fest 1 miles ° Sq.i, :Sg.NMi.
Green River s 52 1+ 5,510,000 : +4,C00. 18 3 125
Upper Ceclorafo @ 40 1 6,5+0,000 : 26,000; 100 ¢ 237
(Grand River) : : : :
Can Juusn iver ¢ 14 : 2,700,007 : 25,000: 10 : 104
Other areas : : : : H
sxcept Gila ¢ 8 :1,5:0,000 : 31,C00: 29 : 16
Fiia : 5 1.070,00C + 57,000: _ 22 T 19
Total : 100 :17,550,000 :244,0C0: 100 ¢ 7C

The water supply from the various brencaes is also
shown in %this t2ble and is by 10 mezns in proportion to the
arez drained, tae liscrcpanéy being due to the wids diversity
of climatic ard tfopogrepnic scafitions.

ﬁ.’he rim of tha basin wherce tihe streams take their sourc:s
_is composad iargely of ligh mowuntain ranges. Oa the north and

tuye Continental

(o}
ty

ezst the Wind River Mowntains and the ranges

~Divide ars the highest end furnlsh the greatast water supply.

. . Ce
S N TN o e
s .,v'-{ga,;-,.,’;,(f—m. TN




TMais is espocially true of the Rocky Mountains in north
central Colorado, and for this reasen lne run-of f from that
regicn is far greater in proportion to arza than that of any

othar wert of the basin,

Tie lower third of tas basin is commosad meinly of hot,
arid plcins of low altitude, broien here ani thers by occasional
short mountain groups or rangss reaching 2levations of 3,000 to
5,000 fsst. The centbal portion of the basii is a high plateau
trrongh which tha streams have cut narrov canyons ofter of great
depth. Every tributary through this region is in canyon, SO that
mich of the central end upper part of tihe basin is travarsed by
desp gorges and is exczedingly rough, A% its mouth the river has
built up a great deita frox the.materisls eroded. in ths canyons
descrided, ani has vy this means sucrow ned upor the CGulf of
California at its mouth &d finally cut off the oyuer end of
this gulf entirsly, Tho isolated poriion forming a deep depres-
sion balow sza level, is lmown as the falton Basin ani includes
the Imperial Valley of zraat extsnt and remarkapls fertiiity,
with a salinz lale in the botton, known as 3alton 3ea.

The arca of the drainags basin of thez Cclorado River of
approximately 244,000 square niles, is divided -among the politi-

cel divisions as follows:

P N AR




AREA DRAINAGE BASIN

Square miles

Wyoming ¢ o« s o 4 6 0 e o s s e e e e w00 19,C00
Colorado e s o o o s o « s s 8 s s e e 0wk 35,000
Tew MeziCO o o o o « o o o o o ¢ o o ¢ & o 8 22,800
J Tt < A I 103,000
Utanz R T T R 45,000
levada R T 12,000

C::lifornia L] L] . . . . L] - . . . . . . . - . 6,’)00

Area in United States « « « » o « o o o 242,000
Area in Maxico o ¢ o o o 0 0 e e e e 2,030

Total se 0 s o e @ * e o LI 244’0{30

Some of the areas in Arizona and Czlifornia are very
indefinite, owing to the absence of definite topograpsic
divides znd the contributioms of wzter from Celifornia and
Mexico zra nagligidlie. The volume of contribulory water
from the differ:snt States, while not separateiy meesuared,
is in the foilowing order -- Colorado, Utah, Wyoning, Arizoma,
New NMexico, Nevada, Msxico, Cz2lifornize

Ths various brancacs of the Colcrado drain the following

Grecn RIVEY o o o o o o o ¢ s s o o o o 0 o 44,000
» Golorads (or Grand River) « « « « + o 26,00C
Sann Jnn RIVEL o v v o 4 6 v s e e e s 0 26,800

FZ"JTQ’JI'.t e B 2 P T T I I I I 4’600
Paria . © 4 e e % 8 & s s s v s 8 s o 0 1.400
Fecalenib® o 4 s 6 e s s o0 8 e 4 e b 4 e e 1,800
Kanab T B I 2,200

Tithle COlorado v ¢ o o e o v o o o s 0 s 25,000
Virgin « e 8 b 4 0 e & s s s v s 2 11 $ 000
Miscellaneotl8 « s+ ¢ o o s o ¢ ¢ o o o v e 0 44’ 000
Gila C 8 o e« 8 8 ¢ € & s s st ¢ 57.020

244,000




Square miles ‘

Area including San Juan and all above 108,000
Ahove Poulder Canyon, and balow mouth

of San Juan 53,000
Below Roulder Canyon, and above Gila 24,000
Gila River Basin 57-GCO

542, 000




SILT DEl;OSIT DATA.

mhe Colorado River and most of its tritutarivs ave
bzan Jor many centuries, and 3%11l are, eroding btheir heds
and banis and corrying lorgs quar ~itias of selimont, a part
of waich ars dsposited on ine alluviul volleys during pericds
of overflow, and part reacies tho Gulf of Culifornia where it
is continvally extending and enlanging its delta.

Observations of silt carriad have been tien period-
jcally at Yumz just below the pouth of thé Cile River for 2
long sarics cof years .mcl show an a.w;araga anmual amount by
volum: of 113,000 acre-fest, on tae assumpiion taat 85 pouras
of dry matter is 2quivalent to & cubic foot of soli.d. IMost
of the tims, the Gila River is mearly dry and the little
water it Gischarges is cicar. The ouservations at Yuma
tharafor: indicate the silt traveling at that tine in the
Colorado above the Gila, wnd by difference at other times,
the guantityv discharged oy vhe CGila during its rslatively
short hizh water pariods, Observations on the CGila have
also dazn talen at the Suttes abovs Florence and &b San
Carlos. A fzv chservetions have also hsen taksen on ths
San Juan, the Green aud the Grand, dut these are too fev
to be conclusive and any statemcnt concerning these streams
rmst bo considered as a very rough estimata, Tha following

tabia shows the estimatas ou waich this report is basod.




Armual Arnuzl Per cent

watver silt siit

A. F. A' F'
Colorado at Yuma  17,740,00C 113,20C 0.85
Gila 1,370,00C 15,000 1.4C
San Juan 2,703,000 22,000 1,07
Brecn £,510,C00 20, CCo 0.54
Grand 6,242,020 2c,0%0 0.9
Other tributaries 1,560,000 1¢,000 l.22

The silt coateat of the Colorado, with the Cila not
in flood, has averaged aboutb .5 of 1 mer cent and trnis is
fairly rcoresentative of 4ho siit conditions at Bovider Canyon
reservoir. The discharge at Boulder Cinyon ig cstimated at
17,500,000 acre-Ieetd annually. On this basis, thz average

annusl sild discnzrge is abou 88,0C0 acre=fcat por annum.

Sl A R 2 A el ko SRR A AR st T D




The devzlopment of the bast rascrveiT sites on tho main
branchas of the Colorado River, if wused for irrigation in the
lower basin would affect tho conditions of power developient
in thetir basins bslow, becauss the water would be regulated
in accordance with the n2ads of irrigation rathsr than of
power. Th: power possibliltizs vhich ~rould be affected thereby
are shown in tha following table, waich is expressed in

horsepower, continuous putput, 88% efliciency at the turbines.

I :  After irrigation
: Present H develops above
Green River Basin: :‘ :
Yampa, dbelow Juniper rsser-: :
voir : ¢ 289,000 244,000
Vaite, bslow Rangeley ¢ 24,000 16,000
Main 8tem, below Flaning H :
Gorge vzsarvoir :1,080.C80C 729.C00
Total ~- Greoen River Basin  :1,3¢3,000 989,000
Grand River Basin, balow : ;
Dewey teservoir ¢ 210,000 210,000
Colorade, above Grand Camyon : :
Park 6,510,000 4,810,000
Total « v ¢« ¢ v o o« + . 8,115,000 6,009,C00
In rowmnd figurss ¢.0.00.. :8,600,000 6,0C0,000

The abcve powar devalopmsnts-ﬁould be further diminished
by ovaporation from ths reservoirs built fer power waich would

depend largely upon the plun of devolopment,

Lo agliel, ads
o R i




Urgenecy of Relief,

in the valleys of the Lower Colorafc, zad especially
the imparial Vellcy, storage 38 neelcd for the cxtensinn of
irrigation and for safety against drouth of the areas already
irrigated whon the cycle of low years rclls arcunds

The nced is also vital for protcction from floods of
the Culorado which threaten the licvces along the river valley
and vhich are a constant menace %o the Impericl Valiey, threat=
ening a repctition of the expericncoe of 1906, Both of these
protlems are urgent and vital.

 The ycars 1802, 1903, 1215, aund 1912 were years of low
water flow, the first two being sherily after the beginning of
jrrication in tvhe lower valloys ard when the area iri‘igateé.
was so small that no shortage occerrcd, In the year 1915
ir-igation had procs:doed to a suhstantial degrce.

' The records of the Imparial Irrigaiion system show that
for a considcratle peried in 1915 the waters of the Colcrado
Kiver were all, or prachically all, diverted at the inteke
of that canal ard apslicd.in irrigation of Imperial Valley,
with tho result that an actual shorta.ée existcd there
part of the time. The ghortage was not sevoro

nor disastrous bub it had a value as indicating the

R R N T SR




dctual state of tho water supply in relation o use.

tha sheriage would have veen still greater hag a period
25 low as that of 1902 and 1903 occurred at that time.
This reclacion appears in the following tatle showing tae
anral discharge. of the Colorado River at ths Laguna Dam,
It will b2 noted that 1915, when the Iirst shortago
occurred, was by no means ths lowest year of record.

A shortage also accurred in 1919 and the years 1902, 13833,

and 1904 all show a less discharge than 1915,




Tabla No, 10

DISCEARGE OF COLORADO AT LAGUNA DAN - ACRE-FEET

Year A7, Per cent

of mean

REACE _ 21,700,0C0 132
1800 16,800, 000 102
egl 15,200,900C 93
503 9,110,000 56
1563 11,300,000 €9
1204 9,890,000 60
1¢Cs 15,000,000 93
1206 17,70C,C70 108
1507 24,800,030 181
1cC8 12,600,000 77
1978 25,420,20C £5
1210 14,200,000 87
1311 17,60C,0C0 kX074
icl2 18,200,000 . 111
1813 11,800,000 72
1914 20,290,000 123
1215 12,900,900C 79
1918 18,900,000 115
1217 20,000,070 122
1518 13,100,090 80
1519 11,000,030 67
1920 21,100,000 - 129
ean 16,400,000
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Since 1915 thcre has been considcrable iuprovenent
in tho application of water in the Imperial Valley but
rocond exporionce shows that storage is necded to stpple-
mont tho low water Ilow beforc any large irrigablec arcas
cen bc added.

Since 1915 Imperial Valloy “as incrcascd its irriga-
ted arca over 60,000 acres in the Jrited States and about
170,000 aeres in Mexico. The Imperiel Irrigation District
contains more than 100, 000 acres cf jrrigable land not yet

vrigated and the same valley in Moxico can increase over
40,00C acres and is in a physical position to take the

necessary wator from the Impsrial Canal beforc it .reaches

ct

he Celifornia line.

Thoe Yuma project is incrcausing its jrrigated zrea
and has a rocognized right to extend wp to a limit cf
120,000 acrcs.

The Palo Vcrde Valley has increassd iis irrigaicd
a=za since 1915 by aboat 15,000 acres and is in physical
rosition to increase tnis arca up to 78,000 acrcs.

Two government projccts in Cclorado teking water
f-om the Colorado River drainage have increased their
acrcage since 1915 about 30,000 acres and have cstablished
rights by which thesc can be furthoer incrcascd by over

50,070 acras. In addition to the above, irrigation usos




ora increasing in tha Uintah and Spaunish Fork basins ia
Utsh and at pumerous otlor peints ia tas upper Coiorado
Basin, most of which are small in amount but whicﬁ éggregaté
a considerabls acreage aud will reducs the waver supply of
th2 lower basin to a sﬁbstantiai degres, Thesc may'be tarzen
as offsetting the improvements in duty of water in the
Imperial Valley.

Assembling the mors importeat of the Xrovm data, we

have the following tabl:s showing tncrease over 12i5;

(]
o
[\V)
(&
[
1=
ct
;

ct
@

Project 1915

s o o

Imperial District 335,000 : 415,000 : 515,000

Mexico 40,000 +: 190.CC0 - (?)
Tuz 26,020 ¢ 53,000 : 120,000

e o0 o6 as o0

Palo Vorde 20.000 : 35,000 : 78,000
Graad Valiey Projesct ¢ - 15,00C : 53,000
Unzompahzrs project 50,090 : 70,000 : 110,000

Total 474,000 777,000

ea 60 ov o=

e e8 e
- ea -

This tabls indicatzs that tae increased irrigation in
the Basin in 1920 cver 1015 is about 500,000 acras and that
the dssired sxpansion in the Imperial Irsrigation District
and incoatestidle or unprevertable expansion in other regions
will bring this acreage up to 877,000 acres, or about 400,000
acres more then in 1915, besides the various increases in the

Upoer Basin,




In addition to tiis, therc aré lzrpe arcas in the
Colorsdo River Resorvation, the Mohave Valley, and at
some other roints whers developmont has been underteken,
or is likely %o be undertaken in the near futurc, which
should be teken into account.

The above data are certainly convinecing t:kat no
large area, such as thoe East Mcsa lands and Coaclhiclla
Vallcy can bo added to the jrrigatcd acreage without
certeinty of wator shortage, or if so added would consti-
tute a scrious mcnacé to the wator supoly of the present
irrigeted lznds in the Impeorizl snd Yuma valleys wmless &
large amownt of storage be vrovided.

Tor full development of 211 the lands that can
be rezcned by gravity and rcasonzble pumping lifts on
the Lowsr Colorado River, largoe storage capacity will
be roguired, estimated ab about 11,000,070 acre-feet, if
provided by a reservoir below the Grand Canyon in the
Colorado. If storage is provided above the canyon,
this must be incraased by at least 2,000,000 acre-foet
on account of the unawoidable.losses due Yo the impossi=-
bility of regulating tho flow in cxact accordance witn
the nceds of irrigation fromw a regervoir so far distant,

and for other rcasonse. This capacity can bo somcwhat re-




juced if the acrcag:s be roduced by cutiing of¥ the more
doubtful and less desirable acros which have tz2on ircludeds

Te yazove the menacu of flood from vac Colorado River
will roquire & much larger svorage capac ty than that above
given,

* Owing to the gradual upbuilding of its daltaic bed
ani banks, the flood menacc from the Colorado River is an
incroasing and cver-recurring problem of great imgortance.

'I"‘“c Gulf of California formerly extcnded nortivvest-
ward %o & peint 2 fow miles above the town of Indic, aboutb
144 wiles from tho vrosent hsad of the gaif. Tac Cclorado
River, cmoiying into ths gulf & short distance south of the
intsrrationzl bouwidary, carricd its heavy load of 31l imtoe
the culf for centuries, gradnzldly bdullding we 2 creay delta
cone enbiraly across the gnli and cubtting of f its northern
oné, which remzins as a great depression Irom wiich most .
of the wator has been evaporaved, leaving in its bottom the
Salton Sca of 300 squers miles, with its surface about 250
fect below soa level,

The river Jlowing over its delta cone stoadily depos=-
its silt in its channcl and by overflow on its irmmediate
banks, so tkat 1t gradually builds up its channcl and

its banks and forms & ridge growing higher and higaer until




the stream bécomes so unstable that it bLreaks its banks in
the high-water period and follows some other courss. In this
manner ths strca.m has in past centwies swung back and forth
over its delta, until this exists as a broad flat ridge botween
the gulf and the Salton Sea, about 30 fest above sea lavel,
and on the summit of this has formed a small laxe called
Volcano lake, into which tha river flows at present, the
water thon finding its way to the southward into the gulf.

The direct distance from Andrade on the Colorado River,

whera it roaches Moexico, to the head of the gulf is about 75

miles, and th: distance to the margin of Salton Sca is but
1ittle more. As the latter is about 250 feet lower than the
gulf, the strong tendency to flow in that directia needs no
demonstration., This, coupled with tho imsvitable necessity

| for such an alluvial stream to leave its chamel at intervals,
constitutes the menace: of the lands lying about Salton Sca,
called the Imperial Valley. As there is no escape of water
from Salton Sca except by evaporation, ths river flowing into
this sca would, unless divorted, gradually fill it to sea
lovel or above and submerge the cultivated land and the towns
of Imperial Vellsy, nearly all of which are bolow soa level,
Any flo_od waters that overflow the bank to the north must
tharafore without fail be restraincd and not zllowed to flow

northward into Salton Ssa, This is now pravanted by a large




levee, north of Volceno Lake, cxtonding castward and connect-
ing with high land noar Andradc. This lovec is in Mexico and
its meintcnance is complicated thereby.

In 1905, the river scourcd out the channel of the
Imperial Canal and turncd its entirc volume into the Salton
Basin, croding a deep gorge and raising the level of Salton
Sca., It submerged the salt works and forced the removal of
the mein line of the Southern Pacific Reilroad. &b greab
difficulty and expcnse, after several unsuccessful atiompts,
the river was returned to its old chammel in February, 1907,
The control of the river would bs greatly facilitated if the
flocds were reduced in volume by storage. Invéstigations have
tean made concerning the foasibility of storing the floods
and rcducing their volume to an amcunt 0zsily controllcé.

Tne floods divido thcmsclves naturally into two
gencral classes - those from the Colorado River, which dreidns
large arcas in Wyoming, Colorado, MNow Mexico, Utah and Arizona,
and those from the Gila, which liecs mostly in Arizona and partly
in New Moxico and Mexico. While the arca drained is much
larger for the Colorado than for the Gila dnd the wator
suprly vastly greater, the habits of flow are such that
the Gila River, owing f,o its flashy character, sometvimos

furnishes flood waves at its mouth ncar Yuma almost as large

. SO ET T “'a"l A e o S Ty A N
RN UL IR TP DA 2, S A L0 B YIY- o S

[ S




as the maximum di scha.rgé of tho Colorado at tho samc point.
These floods from the Gile, howcver, are infraquent and of
relatively short duration., Vhile thoir sudden character and
erratic occurrcnces mexe them peculiarly menanciag to the
levees or other property on the banks of the river, they do
not presant so great a menace to ths Imperial Valley on
account of their short duration and relatively small volume,
The Colorado Rivar risds gradually, carries a large volume
of water for severcl weeks, and declines gradually. Showld
it break into the Impcrial Valley at time of flood, the long
duration of high wa.te.r would cavss grcat erosion and render
its control =xceedingly diffienlt., This is the experiaence
actually obtainad when this occurred. The Gila, on ths other
hand, might break into taz Imperial Valley but the rclatively
gshort duration would not furnish nsarly so much water to the
Salton Sza, and consequently nct incur the danger of Submer~
ging the erntirs valley. The quick decline would maize its
control comparatively easy., The groeat floods of ths Gila
occur in winter, whils thoss of the Colorado occur in summer.,
So far as kmown, they never have coincided; but if this ever
sheuld cccur, it would greatly increase the monace.

A raoservolr site of 2,200,000 acre-fest capacity has
besn investigatcd near Ssntinel, on the Tower Gila, which,

if built and mairtainaed, would practically cliuinats the




menace from the floods of the CGila, but thc investizations
show such poor conditions for foundation and abutments that
the fcasibility of this reservoir is subject to dcubt.

The control of the Colorado River proper is, for the
reasons above stated, the main element involved, and this
has been investigated extensiveiy.

Possible reservoir sites have been found on the Grand
and the Green rivers, which, if constructed and opcrated
for the purpose of flood protection, would grezstly reduce
the volumc of the floods, for though the areas intercepted
by each are small compared with the total area of the
Colorado River Basin, they drain mountains with high pre-
cipitation that furnish a relativcly largz volume of water,

A reservoir site also exists on tue San Juzn River, which is
the next tributary of importance, tut the feasidility of this
hes not becn established,

Of the total area drancd by the Cclorado Rivaer, 244.000
squarc miles, 96,000 is drainsd by the Grand, the CGreen, and
the San Juan, which, though draining less than two-rifths of
the total arca., furnish approximately 84 per cent of the
total water supply. There is still, however, nearly 100,000
square miles below these rivers, exclusive of the Gila, which
would be unccntrolled by such reservoirs. These arocas, tﬁough
furnishing a relatively small guantity of water, owing to

their aridity, are yet of such extent and declivity that they
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furnish occasional floods of megnitude from dircct
precipitation, dus to whick their control is imporvani
from the standpoint of the flood m3nacse

In “he study of tkis problcm, it has beon demonstrated
that for severzl roasons it is desirable to nave a reservoir
below the Grand Canyon of the Color:fo, which will interccert
most of the drainage of the Colorade River, and therefors, be
a more complete solution of the flood control prcblcm, This
method of conbtrol is still more vital Jor otler rcasons.

The large arcas of vory fertile and valuzble lands now
developad and being rapidly developed, requirs imrediave
relic? by extension of storage for irrigation, and if such
storage is constructed in ths uppcr basin, it will of course
be opzrated in conformity with the recuirsments of irrigation
in the lowsr valley as nearly as this cen be predicted, but
a large percentage of the water will be lost owin to the
great distance and the impnssibility of predicting the exact
requirements a month or more ahead. Ua order to rrovide
agd nst embarrassing shorvage, 1t will be ncezssary to turn
out at all times sufficient wator to nrovide for the most
extreme conditions that may occur, dbut which seldom do occur,
and tris will mean shst nearly all the time a large amount
of water will be flowing to waste. 4 large part of this waste
can be obviated ty an adequate raservoir on the lower river,

- In addition to the above waste, any water suiply ap-

propriated above for use in the lower valley would not be
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available for irrigation in the vpper vallsy. The most
feasible sites occur at points where tiiis would be an
objection to such use, because it would laave in an arid
state lands that might otherwises be irrigatad in tae
upper basin, Such a result would be a distinct waste of
resources, as investigations skhow that there is a sufficient
quantity of water to furnish an adcquate supply t6 all

of the lands in the basin that can be feasibly reached

by gravity or reasonable pumpirg lifts. Thore will, of
courss, be local exceptions to this whers ths arcas can be
reached only by tribtutaries in which tae local supply s
insufficient, but this is aside from the main gquestion.

In addition to the above waste, the reguiation of
waters from the upper river in accordance with irrigation
needs in the lower valley would be distinctly out of harmeny

" with the best uss of ihese waters for powsr in the canyon
regions vhere tho power resources predsminatse

In ths woper end lowér regions of tha Colorado Basin
jrrigation interests should and must predominate, aZthough
power rasourcas are very important. In the middle or canyon
region of ths oasin, power rosources predominate and irrigation
intsrasts are small. In generzl, where irrigation interests
ars practicabla, they should be given prefersancs over power
interasts and this rule reqwires storage of water in Boulder

Canyon, or beslow, for the usa of the lower valleys.
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The States in the upper basin are thererfore vitally interestecd
in seeing that such ¢evilopmont tekes place Wefore the natural
resources arc depleted by storage abcve for use in the lower
valleys, .

Likewise the States containing the lower valieys are
jnterested in having storage in the lower basin on account
of the cconomicS thereby obtained and the greater convenience
and ease of control of 2 resarvolr near the point of use.
Incidentally it will have large power rcsourcss which are
important in the development of the resources of the Southwest,

Recognizing the importance of developing thz Colorado
Basin on broad lines in such a way as to realize the greatest
benefits therefrom, the States of the Colorado River Basin
have taken steps to organize a commission upon which each
of the scven States interested will be represented and on
which it is contemplated the Unitcd States will also be
represenved in order to work out and reccmmend to thelr
respective States and Congress such actioa as will bring
about the best usz of the water resources of this great river
system, the largest and most impoitant river system lying
entirely within the arid rcgion,

Fortuwatcly, the invcstiga,tionsbat Boulder Canyon have
ghown ths feasibility of a high dam at that point which, if

built, would furnish storage as shown in tho following tables:




Capacity Table - Boulder Canyon Rescrvoirs

{Computed from original tlanetable sheets;
sczle, 2" equals 1 mile)

Contour: : ¢+ Contour : :
eleva- : Area : Capacity z: eleva- : Arsa : Cepacily
tions : Acres: A. B, :: tions + Acres ¢ AF,
700 ¢+ -- ¢ ee=— 321,050 & 53,160 : 7,130,500
750 ¢+ 2,350: 58,750 :: 1,100 ¢ 67,740 110,155,000
80G : 7,950: 316,250 :: 1,150 @ 84,01 113,943,250
850 : 15,260: 846,500 :: 1,200 :105,10C ;18,673,500
900 : 21,620: 1,818,800 :: 1,250 :127,63Q 124,498, 500
950 : 29,160: 3,088,000 :: 1,260 :131,000 126,000,000
1,000 : 39,690: 4,609,250 :: 1,280 -142,050 :28,6030,000
: : £+ 1,300 :152,000 :+31,6060,000

NOTE: The canyon walls extend up to above the 2,000-foot
contour, or about 700 feet higner than the last
one for which capacity is calcalabed.

Progress of Invsstigations.

The preliminary rcport oa the proolems of Imperial
Valley and vicinity, published in Januery, 1821, dascribed
the progress of investigations wp to %h2t datg, and these
have been continued up to the preparation of this report.

Soil surveys under the direction of Prof, Chariss F.
Shaw havo becn prosccuted and l1and‘classification based uron
thie examination has been made and shown upon maps. Thess
subjects are treated in this roport on subsequent pPagose

Borings have been prosccuted 2t the proposed dam site in
Boulder Canyon and the cross soction of the canyon has been
fairly well worked out. A large amount of additional borings

is, howevef,.necessary to develop the entire foundation of the




proposed dam and this will probably modify its location,
S'imilar infoi'me.tion is alsc necassary for the cofferdam
which must preceds the main construction, and must bs, for
temporary wo'rk, of a rather substantial character. Results
" of ‘t:he borings are shown in the accompanying diagroms and indicate
the maximum depth to bedrock of about 135 feet below low water,
level. This is' regarded as feasible, although the foundation
werk will of course be dirfficult andexpensive in view of thc;
great volume of thz river vwhen in freshet.

Various studies have be=n mades on the basis of the informa-
tion aveilubles and these studies indicate the cost of a
dam with flow line at 1230 feet, to be about $45,000,000. This
would have a storaga capacity of about 21,000,000 acre feet.
Increased hoight of dawm to provide greater storage can bs pro-
vided at an additional cost of about one dollar per acre foot,
for the next 10,000,000 acre feat, A capacity of 31,000,000
acre feet would require a flow linec at about 1296 feet above
sea level,

These figuress include preliminary work and the complcetion
of the dam in shapz to serve for storagz purposes and upon which

to install powsr plants, but do not include any other cost of

power development or transmission,

A reconnaissance has bzen made for two possible railroad
lines - one approacning froa the west and joining the Salt Lake
and Los Angelss Railroad near Las Vegas; the other approaching
from the northk, bsing a continuation of the branch $hich runs from
Moapa to St Thomas. A roconnaissance should be made also with a
possible connection with the Santa Fo system to ths south, with a

comparison of the cost and results.




The Wizh Tinc Canal.

The construciion of & high line cansl connecting Leguna
Dam with Iumperizl Valley was investigated and reportecd upon by
a board roprescnting the State of Czlifornia, Iwperial Irriga-
tion District and the Thited States under date of July 22, 1919,
and was pudlished under the title "Report of the All-American
Canal Board. A canal located entirely within the United Statos
from the Colorado River at Lagunz Dam ihto the Imperizl Valley,
California." Refercnce is made to that report for the details

of such a plan, and its unit cstimates of cost are accepved for
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the purposes of this report. It is necessary, nowavar, to
modify acreages 2nd other detzils in view of the information
.recently collected, The agricultural lands that it would serve
in addition to Imperial Irrigation District are givén in the

following table:

Irrigable Doubtful

lands lands Total

(Acres) ( Acres) (4cres)
Fast Mesa , 160,000 10,000 170,500
Dos Palmas tract 5,000 - - 2,000 7,000
Coachella Valley 72,000 63,000 135,000
Wast Mesa 33.000 87,000 120.030

270, 000 162,000 432,000

The zbove table includes only lands which reguire the
fenstruction of the High Line Canal to reach them. In addition

to this tho Imperial Irrigation District is heavily interested in
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having a high line bvuilt for ths rcasons statcd in the board
report abovc rcferred to. Tho construction of a high linc canal
is provided for in a contract with the United States dated
October 23, 1918, 1In addition %o this the District is pledged
to connection with the Lagwma Dam by contract with the Yuma County
Water Uscrs'! Association in order to tominate the dangerous
pactice of mzinteining = diversion dam =t Banlon Eeading.

This connection should be made atb the earliest possible date

jn accordance with the existing wndcrstandings and contracts.
The distribution of the cost of the high line canal would be
according to the following table:

Cost of High Line Cznal.

To connect with dam $1,843,000
Canal ' 28,930,000
: 20, 773, 000

Division of Costs of Cenzl.

Yuma project by contract 980,000
Remainder for Imperial Valley 29,733,000

Divided as follows by acreage benefited:

Imporial district 515,000 acres 18,826,000
Extensions in U.S. 270,000 " 9,870,000
" Mexico 30,000 " 1,097,000

815,000 " 29,793,000

Cost per acre Imperial Valley = $36,55

Division of Costs of Power Installation Along Canal.

Plant No. 1 $1, 380,000
"ow 1,927,000
§3 307,00
Divided as follows:
Yuma project $528,000
Imperial District 2,051,000
Pumping 728,000 $3, 307,000




Pumping is divided as follows:

New lands - Avorage Total
acres per acre
Unitcd States 270,000 2.2 $596,000
Mexico 30,000 4,40 132,000
728,000
Division of costs of distribution system
including pumps,

United States 270,000 $53.57 14,461,000
Moxico 30,000 21.67 . 650,020

15,111,000

Summary of Distribution of Costs

Imperial Va2lloy
Cost per acre

High Line
Canzal Power Distribution Tetal
systom
Imperial District 36.55 3.98 ) 40,53 !
Extensions: i
United States 36.55 2.2 53,57 92.33 ;
Mexico 36455 4,40 .67 62,62

Allocation of costs to classgs of lands
in Imperial Extcnsions.

Private Entcred Public Indian @alifornia So.P.R.R. Total
$1,339,000 $1, 420,000 $15, 400,000 $1,062,000 $1,348,000 $4,359,000$24,93’7,000
1,879,000

26,806,000




Imerizl Valley Extension
Irrigable area - 2Cres.

i;rpf:&gl\lalloy:Privzte:Enterod: Public : Indian: Stato : So.P.R.R. ¢ Total
Extension : : : : + Calif,: .

East- : : : : : : :

ot Side Mesa : 1,200; 1,20C: 148,100: . 8,300 1,200 : 160,000
%z . 200: 1,400: 700: :  300: 2,400 5,000
Cgachell4.y . 12,100: 3,400t 3,800: 11,400: 4,400: 36,900 @ 72,000
s1°8tac : 10.000: 9.300: 14,300: _100: 1,500: 5,790 33,000
U.S.lands + 14,500: 15,300 166,900: 11,500: 14,600: 47,20 270,000
Mexican lands: : : : : : : 30,000

. .
- .

Flood protcction 2nd irrigation storags benefits.

The distribution of benefits from water storage is porhabs
the most complicated and difficult to determine, and involves
questions of low which it is ncither tossible nor desirable to
determine 2t the prasent time.

. The Yuma project of .the Unitod States Reclumation Service
clzims an carly valid right to the diversion of yva‘:,ar, bascd
upon a.n‘é.gt of Congrass (33 stat., 224) zuthorizing the diver-
sion of w;fer fo'r the Yuma project and including Indian lznds.
The Imperizl Irrigation District, on behalf of the lands within
jts boundaries, claims a right based upon filings under C2lifor=
nia laws. Similar claims are asserted by the Palo Verde
Irrigation District and some othor tracts in the Colorade Valley,
and which of these.'ig. to get prefercnce is a matter of dispute
dopending perhars in pg.rt upon various questions of fact which
will require careful detenninati-ori.ﬁ The claim is asserted on
behz2lf of the Indians of tho Coloradoc River Indian Reservation

to sufficient wator for their lands, irrespoctive of prior
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approPriatipng.

fhese ciaims in the aggregate are conflicting, out
if is neither necessary nor desirable that they be now
determined, nor is this possible in time fcr this report.

A similar difficulty -arises in zllocating the benefits
for flood protection although in a broad sense the older lands
having the best water rights are those most in need of flood

- protection,




Power Devalopment.
The development of power at the Boulder Canyon reser-

voir is a by-product, which does not ia all re spects corform

to the resquirements of irrigation but can bo =sadz2 to conform

thereto with some adjustuents. The extremely arid and semi-
tropic character of ths lands in the Io'?r Colorado Basin
makes it necessary to irrigate througho/;;he year ahd tha
irrigation requirements therafor conform more neariy to ths
requirements for power than d-o those in northern latitudes.
It is astimated that the feasibls irrigation prcjects
in the lower Basin, whick would divert water from the main
stream, comprise 2,020,000 acres, of which about 60% is in
the Unitzd States and 40% in Mexico. The full aevslolJment
of th: proposed projects in thé Upper Basin will subtract
substantially from the total water suppiy, but there will
still be left a.mp'le watar to irrigate all ths lands of the
Lower Basin if it is conssrvad and regulated in a storage
reservoir of ample capacity. The water can be used for power
as drawn from the reservoir and the amount of power thab can
be developed with different amounts of storage capacity and
with different assumptions of irrigated land below is shovm
by ths diagram in figure 2, It shows that with 1,505,000

acras of land in the Lower Basin irrigated and with a total




storage czvacity of 31,400,000 acre foct of which the lower
5,000,000 is rescrved for silt storags and the upper 5,000,0C0
is rescrved for flood comtrol, it is possible to d=v:lop over
700,030 firm horscpowcr. Witk the ontire 2,020,000 ~cros of
jrrigable 12nd developad in the lowar b-sin the possibilities

are still 300,000 firm horscpowsr, and besidss this there is
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a large zmount of S2condary power which is not constant but
will bc of coasidcrablc valus.

411 tris is on the =ssumption that the total arca of
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irrigzblc iand in the upper basin is irrizated, nomcly zbous

4,000,000 acros, of wrich sbout 3/8 is now under ditca. The

developument of the upper basin will doubtless procecd steudily
but it will be a long time beforc tiae full davelogacnt is ;

-

reached, and the water later to be consumcd by {uture irriga-

oo

tion will bz available for power at Boulder Canyon until that
development is realized. This will greatly increzse the
figures shown =bovc for = long time to come, and, in thc me:zntime,

any rogulation of the river above for any purpose will also tend
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to increzxsc tham.

The great valuc of this power 2nd tho wide demand for i,
together with its magnitude,‘indicatc taat the rower privileges
of tho Boulder Canyon roscrvoir can be made to bear the antire 5
cost of the dam.

The markets for power ard numcrous and various in this

part of the country, comsioting in general of the mining in-




terests in Arizona and Nevada, the pumping requirements in
the Colorado River Valley, and the nesds of the municipalities
of Arizona and southern Caiifornia for municipal and comrercial
uses., fossible mmnicipal customers of importance are frescott,
San Diego, Riverside and Los Angeles.

Tha last named city has indicatsd a desire to share
in this development as shown by the letter dated December 15,
1920, on page 203. This city has aiready developed considera-
ble power on the Los Angeles agqueduct, and owns a system for
distributing electric current within the city limits. The
demands, pressant and pfospective, are far beyond the capacity
of the city to supply with the present facilities, and this
is considered the most effactive and extensive of all of the
power demancs.

It is desirable.of course to extend to all customers
who desire to sharc in this devalopment the smme privileges.
The use ¢f thz name of the city of Los Angeles is merely
typical of such cities as may eventually elect to share in
tais development, Others may later apply and should have

equal privileges.
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:nds in Lowor Colorado Basin in tha Unitad
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;Privs.tc sIntercd

Coachella Vallcy
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47,200

1,220,000

s Puklic : Indi-n : State ¢ Ss.Pxe.?
: : : : : : RIB. ¢ Tot=zl
C bt ommood Tslend  : : . 4,000: : : . 4,000
Mo have Vellay ' 12,800: © 1,600+ 12,800 : : . 27,000
(hemenucris Valicy 1,500; 2,500 4,020
Parcr Project 1110, 000 + 110,620
Polo Tsrde Vadlsy ¢ 72,000: 6,000 : : : . 78,000
falo Tords Mosa s,sooi 12,400 800+ : 1,300 : + 18,000
(pucawallz Talloy . 500; 52,500 +  8,500: : 2,500 : 44,000
(jbolz Vulley s,eoo: 2,500 : 4,800: . 1,805 : 16,000
Joolatad Tracts ¢ 2,000¢ . 1,008 : : 4,008
“Yums project 52,0001 19,000 + 38,20C: 3,630 : 1,800 : . 130,000
Jmperial District 515, 000 : : : : . 513,00
Jmperizl Villcey
Extensions: : : : :
Ezst Sido Mesa 1,200: 1,200 : 148,10C: : 8,300 : 1,2C0 156,C00
Dos Palmas 200 1,400 +  700: . 300 : 2,400 5,000
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Ccnstruction Methods.

Borings made in 1803 and 1904 on the lower river showed

that at Bulls Head, Williams Fork, Picacho, and other points tested,
the subterranean channei cf the river had been eroded to a great

deptk, so that the foundation of dams at any of these points on

bed rock was considered infeasidle. In view of this fact and
of the silt problem, some engineers were led to conclude that
storage at any point in the lower basin of the Colorado River
was not feasiblé. Farther considerétion, however, led to the
evolution of a plan for building a high dam without excavating

the river to bed rock, which, owing to the peculiar topography

of Boulder Canyon seemed to be at least worthy of consideration.

At this point the canyon is about 300 feet wide at the river

level, and cliffs of massive granite reach uwpward nearly vertical

to a height of over 2,000 feet above the river, ?lans were
evolved for a loose rock dam at this pcint censtructed by the
following method:

It is proposed to pierce the cliffs with lsrge tunnels
on each side of the dam site a skort distance above the low
level of the river at medium stages in order that the river
might be diverted through these tunnels at moderate stages
if desired. These tunnéls were to be equipped with control-
ling works. For a dam say 600 feet above.the river level
it was proposed to provide slopes for a rock fill dam of

three to one on each side when counted from bed tock to




summit with a; top width of 30 feet. This wouwld mean that

the thickness of the dam up rnd down stream av the river bed
would be 3630 fcet, or nearly three-quarters of a mile. The
cliffs were to be picrced with sm2ll tunncls parallel to the
river at numcrous points well above and outside the lines

of thc dam in order later %o blow the rock from these tunnels
into the river for forming a loose rock dam. At & point

just a2bove wherc the upstream slope of the dam wouwld intersect
bed rock 2 tumcl on cach side of the river was to be filled
with powder and e:xrloded, throwing the rock into the river
bed in such manner as to form o coffar dam 2nd diveri the
river into thc diversion tunncls. This coffer dam was to be
faced with smaller rock in order to scrvo iis purposc and
thon the river turned over the coffor dam, which it would
procezd to destroy by scouring the bed of the river at tke
lowcr toc and rolling tho rocks o.f the dam into tho cavity
thus formed.

After such zction had proccedzd to a point of compara~
tive quicscence cnother tlast from bigher tunacls on both
sides of the river would blow addition2l quantities into the
river just below the coffer dam and the river roquircd to
work upen this mass for a short time. Witk tle h;igh head
thus formed the scouring effect of the water upon the toc of
the rock £ill would be very powerful and would carry away all
tho finer material, but the large blocks of graaite that would

thus bo provided could not be carried by the river but being
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wndermined would be settled deeper and deeper into the
river bed.

'This process would be repeated in such manner as to
sacure the .la.rgest possible action of the water in scouring
oﬁt the foundation and settling the large rock from the
cliffs as low as possible into the fom]d‘ation. This proceed-
ing from upstream to downstream would pave the foundation
progressively with large rock as ddeply embedded as possible.
The processmf blowing rock from:the cliffs above by mesans
of tunnels parallel to the river packed with black powder
would be repeated at such points that the required rock fill
would be built as nearly as pradticavle to the height desired
on the required slopes, tha river b2ing used to ths maximm
extent in seitling the rock into the foundation and all sur-
plus waters drawn off through the tunrels., It is obvioﬁs
that masses of granite could be secured in this way very much
larger than could b2 feasibly moved by ordinary mechanism.

During the early stages of construction when the wass is
of moderate height it would bs necessary to take the flood
waters ofv the river over the structure, and this action
would be used to the greatest possible extent in thoroughly
paving the foundation with the heaviest rock obtainable.

As the structure increasad in height tha storage above
it would incrsase in‘ volume rapidly, and at moderéte heigats

the storage capacity and the tummnel capacity tombined would
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bs adequate to prevent the overflow of tha dam iu times
of high water aftar such overflcy bacame uniesirable,
thea tuis structure had reacihed the desi%ned heighat

)

tire wpstreau face would bz brougat to

&

d sicpes, thz 2n

3

sven slop2 by depositing smaller rccz until the surfac
was smooth enoagh to be paved with concrete. A concretle
pavement would then be providel of considerable thickness
and r=inforced with stezl, Thais would cover tihe entire
face of the dam from the river bad bto the top and would b2
securely s=zalzad to ths cliffs on either side to prevent
percolation tarough ths dam so far as practiczatle.

fricr %o placing the coffar daa or any of the rock
fiil, it is proposed to 2rive a row of sheat steel piling
as ds2ply as practicable across tis upstream voz of the dam
to ba latér connected and sealed firmly to tiae toe of tha
corcrate pavement on the water fade of the dam,

Thz placing of the rock fill should be completed a
year or mors vaforz beginning tho coasiruvction of the cone-
crzte pavement., This time would b> occppied in sloping wp
the vater facs preparatory to placing the pavement. The
consiruction of the pavemsnt would Y& 30 plaaned that ths
ge.ling of the pavemsnt to the rock of ths abutments would
be tha laszt finishing toﬁch of the dam s0 23 to give the

mzss the maxiaum time for settlement bafors making this junction,
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The control of the river during construction and im-
mediately after would form a pond of varying magnitvde just
above thae dam .filled withk the muddy waters of the Colorado
and these would deposit their sediment on the river bed and
lower toe of thz dam in such mamer as to form something
of a seal and tend to prevent water entering the foundation
at any considerable velocity.

This plan of construction was discussed with Secretary
Lane in obtaining authority for tlﬁe extensive investigations
of the Colorado River in 19i4. It had przaviously, and has
since bezn discussed by th2 author with WanY engineers in
order to bring out, if possible, any weak poin'ts connected
with the plan, and sone of the details of ﬁhis plan have
been modified as the ra2sult of such 4i scussions.. They are
of courss subject to further modification by further thought,
and especially by the experience obtained during construction,
The plans were worksd out in more (etail and estimates made
on thé basis of such a structure as compared with a dam built
of concrets under the direction of the Chisf Engineer of the

Reclamation Service by Mr. John L. Savage, Designing Engineer,

U. S. Reclamation Service, and his assistants.
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These investigations seemed to indicate that no wmaterial
saving covld be made by adopting such a plan as compared with
a concretc structure carried to bad rock providing the latter
proved fsasible at all. A depth of 135 fect to bed rock
wrhile prosenting scrious difficltics in fowmdaxticn worlk, is
helieved to be entirely foasible if prower preparations are
made and proper plans z2re followed.

It is not belicved that within reoasonable cost it is
cithor fozsible or ncecessary to divert the entirs flood flow
of the Colorado River, wanich muy 2t times reach 20C,0C0
cubic fest por sccond. The tlan is to design 2 thin =rch
of such radius »nd dimensions as o be safe with its base
upon the Toundation rock znl its sumirit about 40 feet above
ths low water level of the river. Within this limit the
canyon is quite narrow, being at 211l pcints less than 350 foot
in widtk, and therafore a structure of shert radius and light
scction would bo safes After the construction of a coffer dazm
and of diversion tunncls of sufficient capacity to carry the
ordinary flow and moderato floods of the river, excavation
would bo wdertaken of only sufficient width to sacure foundz-
tion for this thin arch, and this would be completed znd the
arch poured dﬁring the © months or 8o in which it would be
possible to unwater ths foundatlion by moeans of tho tunnsls and
coffer dam.

This thin zrch would serve as a subsequent coffer dam




and also for the heel of the masonry structure to be

built. If this were overtopued dY floods thoy would fill
the pit with watasr only, whicn could be quickly pumped out
when the flood had passed and the excavation of the addi-
tional foundation and placing of foundation concrete could
proceed at all times when tte river flow is below the
capacity of the tunmels; and this would mean without serious
or expensive interruptions except duriang the brief

season of high water in May anﬁ June.

The mothod just described for mecting foundation
conditions in Boulder Canyon has been successfully carried out
in placing the fourdations for the Shoshom? and the Arrowrock
dams, the highest yet built by the Reclamation Service. The
depth to foundation at Arrowrock was 2bcut 2100 fezt, and on
tho Shoshona about 20 fect. At Beulder Canyon the depth is
greater and the guantities are larger, but it is practicable
to assembla a much larger construction outfit &nd to make
moro streruous specd than was found necessary at either of
tho two locations meniioned. These cxpericnces have led
thoso familiar with taem to conclude that the rlacing of the
foundation in Boulder Canyon for & concrete dam by the above
method is entirely feusible and not undwly expenaivé.

12 this 18 trus, the plan of blowing the clifis into
place for a rock fill dam is not necessary to solve the

problem. It may, lowaver, have advantages of econoumy, but
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this is difficalt to predict on account of the wpracedonted
character of tha: opsorations.

4 structurs nicsssary te sclve the protlem of the
Coiorado Rivar by a dam in Boulder Canyon is so high and so
far beyond tihe pracedents that it scums advisablo with due
care for engin.ering safety and sconory, to avoid zoing
outside of svca precedents so far as poscidls. TFor this rsason
it se2zms to b2 d2sirabls to build the structurs of concrzte in
accordance it sell estatlizazad thsory confirmed Dy numsrcus
end varied precendsats. 4 roch-rill structurs migat be cheaper
but our expsrisnca is so lixitad that wé can not be sure that
this will b2 ths cas:, and if soue mforoseen &iffieultizs,
sach as blow-oubs vtmder tis roclk £ill, showld be cncounterad,
its expenss might oven bo zra.icr than thal ol a councrete
structurs, and we can not »e sure that it would vz ontirely

safz.




Comparison of Douldor Canyon Rescrvoir
with other po>s1blc sites.

“The demand for a large regrlating reservoir on the
Lower Colorsdo is urgent and irperative, first, for rogula-
ting floods, sccond, for providing sterags water for irriga-
tion, and third, for power. Witacut tic power, thc rescrvoir
is not feasible at all, as the exgense wouid be too great to
be borne by thc other intcresis alonee

The roscrvoir site provided by a dam in Boulder Canyon,
or its continuation, Black Canyon, is the lowest point on
the Colorado River where 2 site of sufficient capzcity can
be found. Above this sitc the Grand Canyon occurs, and no
rascrveir of capacity sufficient %o control the ontire flow
of the river occuws until we reach a point .abovc the Grand
Canyon N:ztion=l Park. A sitc has teen propcsed above the
mouth of the Paria River in Glen Sanyon, and it has been
urged that a roservoir formed here wowld, for 2 given height
of dpm provide greator storage capzeity, and wculd so rogulate
the flcods 2§ to facilitate the construction of oth\.r dems
farthor down. Those are valid arguments, so far 25 they go,
but such & roesarvoir wiuld not answor frcsant rurposcs for
several rcasons. Betwen the Glen Canyon and Boulder Caryon
sites about 50,000 sguare miles of drainage flows into the
Colorado, including the _Little Colorado, the Virgin, the Paria,
the Kanab, and many smalloer i{ributariss. This region furnishes
about 10 por cent of ﬁ'he wator supply passing Boulder Cangon,

an:l nost. of 1t is a\..'bject to torrential summor rains, and to




floods at otmer times, and the CGlen Canyon site would not
therefors give satiasfactory coniroi ol the floods, wnich is
the most urgent of th2 problems preeented. A satisfactory
solution of this problem could nct be accomplished at any
point atove Bouller Canyon.

My large rcservoir on the Colorado must depend for
its financial faasibility wpor the availability of an adequate
market for not l2ss than ons-half a million horsepower of
electric snergy, withiu econonical transmission distance. The
principal availabls merkets are

1. The Pacific slope of California, inclwiing the cities
of Los Angeles, San Dicgo, Riverside, etc.

2, Irrigation pxgxing in all directions,

3. The mianing r:gions of the mowutalins of: Arizona, exiend-
ing in a broald way {row tlie northwestern to the soutiremstern
corner of that State, and including the cities of ?rescott,
fhoenix, and Tuscon.

4, Taiz olectrification of the Soutaara I;acific, tns
Santa Fe, ard the Salt Lake rcilways and their branches.

B. The cities of Nevada, Utah, Coloraio and New Mesico,
and ths mining ragions adjacent to them.

All of the more important markets above listed are more
cor.venient to Boulder Canyon than to Gien Canyon., This is
especially true of the most important market, the cities and
irrigation districts of southern California, To reach thesn

the most feasibls routes for transmission lines, cohsidering




the imrortance of transportztion in thelr construction and
maintenance, is approxdnmately 2long the railrozd routes.
Those ccaparc about 28 follows, taking Los Angcles 2s typical
end deducting 209 s the distance that might be saved by

cutoffs:
Transmission Distance Bowlder Canyen to Los Angeles.

Los Angcles to Das Vegas, by P23l o o 0 o 0 0 0 o o B34 Miles
Las Vegas to Boulder Caayen, by rall o o 0 o 0 o 4

T{c‘(al...................257-1 "
LeSS,C0% o v o v e v e 4 4o s e s e 4 s 75 0

Net Transmicsion Duistalice « « v o ¢ o 0 o o o v o s 293 Miles

Transmission Distance Glen Canyon to Los Angeles.

Los Angelcs %o Flagstaff by rall o ¢« v o v 0 v v o 544 xiles
Flagstaff to Junction ©y Tail 4 v o o v v 0 v 0 0 e 30
Junction to Glen Cacyen by rail v o v v o @+ o ¢ 130
N T
LGSS?'(-'%.....4.............-_1_4_l L
Net Transmission Distance . . e e e o a s 563 8
Difference in favor of Boulder Canyoa + + « o « » o+ 264 1V

Considering the populatien and industrial importance
of the Pacific Coast region, this market is the largest of
all the prospective markets, and neither developuent could

at prescr;t;' be justilied finanéially wittout it. The advan-
tage in t:?'ansmission} distancze of 250 miles is of ccursa
deciSiVQ'.} In fact the transmiseion of so much power & dis-
tance of 560 wmiles, thoﬁgh 'pr.jsically possible, can hardly

be considored tcday commercially foasible wnder the conditicns
svrrounding this prc;blem. . ‘ '

it would be hard to find S‘;\x,omr site in the United
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States more remote from adequate markets than the Glen
Canyon sitz, and nsarly all its merkets are or can be
mors cheaply served from neax;er pcints.

'I’nesal facts are so obvious that some of the propo-
nents of Glen Canyon Reservoir taciily adnit its present
inavailability as a power site, and cxtol its virtues as
a regulator for power sites to be developad balow, The best
located of thzse ‘is that at Boulder Cauyon, which as we have
seen, can dbe mada to furnish its own regulation, so that
twvo such great undertakings are at pressnt unnecessary, and
are in fact financially at .present not only very uneconomi-
cal, but probably infeasible, In tno present state of
development of the southwsst, the constructions of a large
reservoir at Glen Canyon under either plan would encumber'
the power development with such a heavy charge for construc-
tion and maintenance, as to be a serious public misfortume.

The di_sadvantages from an irrigation standpoint of
locating a storage ressrvoir 650 miles by river Irom the
point of diversion when a sité is available at one-half the
distance ares readily appreciated.

One of the gre:t probleus concerning the Colorade is
that of silt. Tbe Boulder Canyon dem as planned would store
the silt for over three centuries, if all were caught and

held, and for nearly a century before greatly impairing its
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water storage function. It is hoped before that time
that other devzlopments above will so reguvlate the flow
that not all of its storage capacity will be nesded, but
it will always ve desirablea to ccatrol ths floods of the
region betwesn Boulder Canyon and Glen Canyon, and before
the capacity of the Boulder Canyon is entirely destroyad
the Glen Canyon regulator can be dbwilt to take its place.
It will then b2 fresh and empty of silt and will last to
as much later date as the aze of the Boulder Canyon reser-
voir at that time and will, tharefore, solve the silt
problem for a period of two or three lnmdred years further
into the future than if it is bwilt first, and ‘'can, if
desired, bYe employed as a sluicing agency for sluicing out
the Boulder Canyon rescrvceir.

If built first, the Glan Canyon raservoir would imme-
diately begin silting up and if sluiced in the future will
dischargs its sediment into t.he reservoir later provided
below and thus reguire sluicing of the same sediment two
or more times. This mltiple sluicing will not be possible
without shutting down the storage and other functions of all
the reservoirs below vhile they are being sluiced out.

By the tima silt deposits have begun Lo encroach upon
the storage cap'aaity of the Boulder Cenyon rescrvoir suffi-
cient p‘OWGr Of}i‘nin‘gs 711l havs accrued to amortize its cost

end the full hbi;gif f the dam will still be available for




the development of pﬁwer. The enginecrs of that future

datc will then not only be in a better position to build the
Glen Canyon dam than we are now, but will be relieved of

the expense of a powcr dam at Bouider Caryen we woulid now

be saddled with and have in addition the advantage of being
then free to operate the upper reservoir to best advantage
for power alone, the Boulder Canyon reservoir still affording

ample capacity for regulation for irrigation.
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RECCOIMENDATIONS:

1. It is rccommended that through suitable legislation
the Unitecd States undert:Xse the construction with Government
funds of =2 high line cmnal from Laguna dam to the Tuperial
Valley to be reimbursed by the lands benedited.

2 It is recommondad that the public lands that can be
reclaimed by such works be rescrved for scttlement by cex-service
men wder conditions sccuring zctual settlement and caltivetion.

o It is recomeendzd thot through stvit:ble logislation
the United States undert=ke the construction with Government
funds of 2 roscrvoir at or nour Bewlder Canyon on the lower
Colorado River to bz roimbursced dy vhe revenucs from loasing
the power privileges incident ithercto.

4 It is rocommended thzt any Statz iatorested in this
development shall have the rigkt at its clection to contribuse
an equitable part of the cost of tha eonstruction of the reser-
voir and receive Lor its contribution a prororticratc share
of power =t cost %e b: determined by the Secrctary of the
Interior,

S I5 is racosragnded that the Secratary of the Interior
te empoweraed aftor full hoa.riqg of 21l concerncd to allow tho
various zpplicants their due propertion of the power privileges
and 'to allocate tha cost and bensiits of 3 high line canal,

6. . It is rocommendud that cvery development her:after

., authorized to: be undortalien on ths Colorado River by Fuderal
1 T Fre Rt g .
exnmon pr’*og;;'wise be required in both consiruction znd
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operation tc zive priority of right and use:

-

1st. To river regulation and {lood control,
2nd. To use of storage.water for irrigationm,

drd, To development of power.,




