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118 edition of THE COLORADO RIVER is

svsued in advance of its publication as a Congressional
~“Document in response to an urgent public demand for

copies, many of them for official review. The document has
not been l‘nm;miﬁcd to the Cangress for consideration, nor will
it be, until certain States and Federal officials who are now
reviewing it have added their written comments to the text
that appears here.  When the report is published as a Con-
gressional Dacument these comments <will be included, or il

appear in a supplementary wolume.
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Proposed Report
of the Secretary

of the Interior

“[This] report includes a description of the basin’s
resources, its needs and problems, and its present and
potential decelopment. . . .

“Upon clearance with the affected States and with the
Secretary of War, copies of the report, together with com-
niem‘;, if any, of the affected States, and of the Secretary
of War, will be submitted for your [the Secretary of the
Interior’s] transmitial o the President ond, subse-
" quenily, to the Congress.”’






UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

! WasringTon 25, D. C.

-

June 6, 1946.

Sik: 1 submit herewith a report dated March 22, 1946,
1 the Colorado River, which is a comprehensive report
i1 the development of the water resources of the Colorado
Jiver Basin for irrigation, power production, flood and
!t control, and other beneficial uses in the States of Ari-
ma, California, Colorado, Nevada, \ew Mexico, Utah,
nd Wyoming.

The report includes a description of the basin’s re-
surces, its needs and problems, and its present and po-
ential development. Projects for future development of
he water resources within the natural drainage basin are
wsted and their over-all results and benefits summarized.
Crojects for the exportation of water from the Colorado
River Basin to adjacent basins are also discussed.

There is not enough water available in the Colorado
River system for full expansion of existing and authorized
projects and for development of all potential projects out-
lined in the report, including those possibilities for ex-
porting water to adjacent watersheds, The formulation
of an ultimate plan of river development, therefore, will
require sclection from among the possibilities for expand-

he SECRETARY OF THE INTERIOR.

rroposed Report of the Secretary of the Interior

" ing existing or authorized projects as well as from among

the potential new projects. Before such a selection for
ultimate development can be made it will be necessary
that, within the limits of the general allocation of water
between upper basin and lower basin States set out
in the Colorado River Compact, the Colorado River
Basin States agree on suballocations of water to the in-
dividual States.

I concur generally in the recommendations of the re-
gional directors as summarized in paragraph 70, page 22,
of their report.* 1 hope that the Colorado River Basin
States will recommend for construction, as the next stage
of development, projects for which the stream flow deple-
tions will assuredly fall within the ultimate' allocation of
Colorado River water which may be made to the in-
dividual States. I hope that the States of the Colorado
River Basin will agree on suballocations of water within
the limits of general allocations made by the Colorado
River Compact. In addition, I suggest that arrangements
be made for Federal participation in any conferences
among States rclating to suballocations of water. This
will be important to insure that the Federal mlerm in
over-all development is served fully.

The 134 potential projects or units of projects as de-
scribed in the report are in addition to the existing and
presently authorized projects or extensions of projects.
Their estimated current construction costs are as follows:

* These recommendations appear on page 21, Regional Dircctors’
Report, this volume,

Potential projects in the Colorado River Basin

Projeet sud uny Lucation of project - {

. ]
oty Estimeted current
Purpose to be served! | i rperion costs

Source of water supply

e e o st o e

Upper basin | f

Seblette...o.. ... . N 3
Nogiaar Green Rivr.........o......... 334, 400,00
damiel .. . Ty T sfm e N I T T e
| Flkhoea . . 0T g T T e :-do‘“ - R
})“l'“‘“‘l‘ “| New Fork River_. T LT T
fen - .| Big Sandy Creek S O,
l.m(rlhu \“..l‘,' ...... do o I o )
:nlhm . _{ LaBarge Crvik ... JLFo
\“"f‘;'d"ll‘ T .-{ Fontenelle Creek.... fLFL -
' o Adee -| Green River....._._ i S .
i1 ]”:m “““ - -~ ...; Hama Fork.... . PLF ; ¢
s ,",‘\: Firk soeee odoeoooo oLt Blacks Fork, &mithe Fork LLF & D2,
i e ot <o - Wyoming, Veab. ... Henrys Fork.. L. ......... B 1 R 2,352, 000
P Goree. T TG T .| Green Rnu' ,,,,,,,,,, .- PoF M, S 15, 000, 008)
! .""““,“Yf‘"~~~ : . Cish. ... CPF. 6, M0, Do
| Tt Stk Rivee W yomiog, Coinrady . LP P oo 0000
!

B Coantnnted at ond of Cable,
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Potential projects in the Colorado River Basin—Continued

THE COLORADO RIVLR

Project and unit Loeation of projet i Source of water sIJpply ! Purpose to be served *; :{1‘ ;S;?lf«'{;luf«fx?l
| S
Upper basin—Continued l i .
Coper Yampa..— oo Yampa River. oo [0 O l $3, 680, 000
Wessels__... S RO GG VARO[ SO U R D H 1, 760, 000
Mount Harris. .. Tnbutanes of Yampa River 1D A 5, 250, 000
Great Northern_ ____ Elkhead Creek and Elk River....._. [ 0 (R 4, 320, 600
Yellow Jacket__....... White River and Milk Crcek,,-_-.ul LP.ooeo 7, 520, 000
Deadman Bench ... Yanpa River I 38, G0, Gon
Maybell oo oeo.... 1 1, 120, 060
Cross Mountain. ..., 8, 000, 090
Lily Park. ... 3, 040, 001
Jusephine Basin. ... .. 450, 000
Pleance. . ooeoeeeion. 1, 280, 000
Moon Lake extension. .o...... F 12, 640, 000
Fruitland__.__. ... . T Gdu, (U0
Castle Peak._.. ... . oo dOaaa. Duchesne River.____._________ AL F 8, 480, 000
; Deep Creek, Whiterocks River...... LFoaaaane. 1, 760, 000
Asbley Creek o veomeoooe | B 2, 400, 000
Brush Creek_____._.___.____ LFoo . 480, 000
Minnie Maud Creek......... BUR D 1A R 160, 000
Green River 640, 000
68, 800, 000
Split Mountain....____ 34, 800, 000
Emery County ..o ... 4, 000, 000
Buckhorn_......._...... 1, 920, 000
Gunuizon Valley....._._. 1, 760, 060
Desolation Canyon.____ 33, 600, 000
Rattlesnake Power._... 36, 800, 000
Trouhlesome .. .oovimnnn. 3, 536, 000
Muddv Creek oot y 800, 00C
Gore CRanyon. . venn o oeeecmee a0 Colorado River.ooeeeeanaoo. 6, 080, 000
Yourmile. o oo oo oo ooidoel oLl Fourmile Creek . .o .ooocoo. 960, 00¢
Cattle Creek. oo oo feeondo oo wen-| Cattle Creek .. ________.__________ 688, 00C
Capitol Creek.......ooooooooodooo oo e Smowmass Creek . .coonoeooo 208, 00(
Wondy Creek. ..o ooodo___ ... we--{ Roaring Fork. .. ... .. .. 272, 0K
Bilt o erimcrccmcccr e leaean Rifle Creek . oooom oo 2,112, 0(
West Divide. o ovoeruveimomnfoneecdOu o Middle “ illow Creek. . .cveveeennn 2, 0%0. 00(
Hunter Mes. .. ovovvennvomenafewn-lOn . Buzzard Creek . .ovoonveo o .2, 400, 00
Roan Creekeee e cmneeccmnaaactoondoaan. . ceee| Carr Creek ... 976, 0N
Collbran. ... oo ceaeadoi s ve--| Plateau Creek .. ......... 3, 104, 00(
Grand Valley Extension.. ... . do_ L. -} Colorado River____.__.__._ . _.____ 1 664, 00(
Cisco-Thompson_............. Coloradu, Utaheeeanno... Colorado River 2. 34, 784, 0
Tomichi Creck . ... ... _.... Colorado. - coevveunn. . Tomichi Creek ... _........ F 2, 976, 00y
Cochetopa CreeK - cweeeeecnmaifacann do ................ Cochetopa Creek...._.._.._. Pl 1. 840, 00
Ohio Creek .o oo oo veeeeadimann A0 Anthracite and Castle Creeks. | (N 1,728 0
Lake Fork Lake Fork_ . . o ... ... PF . 2. 080. 00«
Sapinero. cccevevnciammmnna- Gunuison River.........__..._._.. | P, Fo 12, 480, 001
Froitland Mesaoooooo. . o doaioolil Curecante and Sapinero Creeks........ | U . 5, 600, 00t
Smith Forkeo.oo.... PR DR (: R Smith Fork __. .. ... ... ... 3, 520, Ol
PaoniB . veeeeeceececeianmenaefenaadOa s ‘| East Muddy Creck and North ForL 2 240, Ot
Mibnesota. ..o .! Minnesota Creek. 1,312, 00
Yoroux Creek . omeeooo oo, Leroux Creek. . veueeueeoyancuas 4, 430, 001
Grand MesB. ceeonnenneannn. Currant, Surface, and Tongue 3, 072, 00
Creeks.
OUIBY e v cemneecncmramnnemnn Uncomnpatigre River. ... 6, 560. 00
Redlands . . oovenvoviacnena. Gunnison River._. ... ... 587,00
Ranecer Valley. ... ooinaas Dizappointment Creek 1, 504. 00
NUCIA . eeieinvrmaaae - Horsefly and Cottonwood Creeks... . 2. 400, G0
San Miguel . ooinenevnnenenn- Anderson, Naturita and Dry Creeks, I, ) S 10, 544, 00
and fan Miguel River.
West Parados. .o ovoinancnnn PR U West Paradox, Deep, and Ceveer | I, Foo.._ ... | 1, 024, 00
Creeks.
DOWEY e e Utah........ Colorado River 60, 800, 00
Moub. . veiiiiiniiiaeevea eeen O dol . 15, 840, 00
Tack Cree S DTN |« DO A (‘reok,.. 1, 240,40
Hatel Creek - . ooeoooeaideonon A0, e i Hateh Creek. oo ovvneeinnas 640, 00
Dufee-Cnama-Navajo. . o ...o... Colorado. oo o ooncnnna. Navajo River_ ... . 2, 603, 20
Sonth Rutt JUBN . wenen et vnn...| New Mexico San Juau River ob 000, 0C
CAPTACRS . . e e e vm e cmomean e Colorado, .o oo ool Lol oo 1 5!‘- tiC
YNeal Park ., oo eeie i eeaa U ¢ [ T P Piedra Rivera . oooceoiina i s : 1 1 493- 0¢
Hammond, oo incaannns New Mexico © Ban Juan River i1 1, 160, ("(
T R N T ' San Juan River........._.._. AL 33, 824, 6
Foneradd Lake_ . Colorado.. ... .| Pine River. ... .. ¥ 4,920, 0(
Pine Kiver Lstension... .1 Culorado, New Mexico.. e Qe e e oo e i1 . ‘:’ 938, 0t
biorida.. oLl i Coloradu. ... ... Florida River...._.... . PLF..... 3, 64, 00
Awmas-LsPlata_ ..o ... ; Colorndo, New Mexico. .. Animas and LaPlata Rivers.... ... i LP F & ... ‘ 101, 634, 4
Meblio, o evn e vmeenn i OIOTRAO . eeemen  MeElmo Creekemennvve e oo VEFo Lol ‘ 624,

See footnutes at end of table,
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Potential projects in the Colorado River Basin—Continued

Project sad unit

| i s
Location of project : Source of wster supply Purpose 10 be served | g:“;{’r’:g%;‘:;'

Uyper basin—Continued

Montezuma Valley Extension...

Dotores . oous .
Liandingo w. ceeme i oo
Nuvajo lndian Project_ .. ._..
biaff el
Croonenteks. o iee oo Laas

Nliek Horn Canvon____.__.._. e
Great Bend.. . _._. U

Dark Canyon_ ... .-
Glen Canyon. ... -
Leansnission Grid. ..o

Subtotal, Upper Basin. ..

Lower basin

Kauab Creek__..... ...

Hurricane_ ... ... ..
Sants Clara ... _
Panaca Valley ... ...
Moapa Valley.. ... ...
Moapo Valley Punping. __
Marble Canyon-Kanab Creek.
LOCONINO. s e e e

Bridae Canyon. ... ...
Virvin Bay Pumping. _____
Loas Vegas Pumping____ ..
Davis Reservoir Pumping.
Big Bend Pwmping. ... ..

Fort Mopve
Mejave Vall
Alama

Sentinel, .
River rectification and control. .
Central Arizona_ ... .......

Salt River

Paradise Valley

Sau Carlos

Charleston

Sufford Valley

San Franciceo

[inean-Vieden Valley

New Mexico
Chino Vallev.__.__._.___.._..
Hassayampa..._..___ . ..
Transmission Grid

Subtntal, Lower Basin. ..

Colorado_ . wuw v Dolores River. ..o oo vanoo. . . $2, 080, 000

) ; e edoo o . . 19, 520, 000
Recapture C B 907, 200

.{ San Juan R g . 4, 656, 000

medo 30, 400, 000
.................... [ 1 T .. 8, 320, 000
......... dedon ol - 10, 080, 000
_________ Aol e . 16, 000, 000

.| Fremont River.... B 1, 280, 00D

ool 320, 000

e -1 Escalante River... . 1, 440, 000
Y ' TR | Colorado River.._... 168, 000, 000
Arizong. . oo ciovicnnfonn. Lo S 102, 400, 000
__________ N 235, 000, 000
.......... kel amma e mmm e e m e e e mmmmmneemn=mo-] 1, 4T1, 227, 200

S

Showtow and Silver Creeks. ... ... 1, 160, 000
.| Black Creek. ... .. _.eoooe .. I 2, 880, 000
-] Little Colorado River........_._... 2. 080, (00
_| Clear and Chevelon Creeks..... .. _. 1 30, 400, 000
Kanab Creek. .. ... .. .. _... 320, 000
Virgin River. ... ... _...... 14, 720, 000
Santa Clara River._ . __ 2, 720, 000
Meadow Valley Wash_. 2, 080, 000
Muddy River.._.._.._ 1, 120, 000
Lake Mead ... .. 4, 480, 000

Colorado River. . 611, 200, 000

ceaudoL Little Colorado River. . n 6. 400, 000
...do 234, 400, 000
Nevada 2, 080, 000
-..do._ 13, 440, 000
_____ do.- 800, 000
..... do.. 1, 120, 600
_____ do._ 1, 25C, 000
Arizona. 3,040, 000

Bill Williaros River.__..... 5, 120, 000

California. Colorado River. ... ..... 1 4, 860, 000
ATIZONB e w v v oo e [ L S 16, 860, 000
do Gila River__. 24, 000, 000
California, Arizona......{ Colorado River.... 8, 000, 000
Arizon8. ceeonian (oo d 692, 430, 000
Granite and Willow Creek___..___._ ) SU 240, 010

Hassayampa River 10, 640, 000

288, 150, 000
1, 989, 270, 000

Total, Colorads River
Basin,

3, 460, 497, 200

bl wsnd: T Trrication, ¥ mfioed eontrol, Pespower, Hmhold-over storaze for river regulation, S=silt retention, M =municips), U= underground water recharge, C=

cannel improvement. Ty obljton many

totantial reseevoue wonkbl have valne for recrastlon and fish and wildlis conservation,

* it e watier reniced Tor this projoet wanid be diverced from the Gunnison River by exchange.

Estimates of the annual benefits from construction of There are, in addition to the projects listed in the
the above potential projects have been made for illus- foregoing table, six existing Indian projects which now
trative purposes to show the probable economic justifica- have an irrigated area of 2,470 acres. It is planned to en-
tion of the ultimate comprehensive development. On the large these projects ( Fort Mojave, Havasupai, Hualapai,

it of average annual benchits and annual costs based Hopi, Moapa, and Uncompahgre) by an additional irri-
vitetirrent prices the ratio of benefits to costs is approxi- gable area of 30,200 acres which, when compleced. could

mately 100 to 1.00, which is a conservative estimate. cause an estimated depletion of 73,000 acre-feet annually,
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Sufficient data concerning these projects were not availa-
ble to warrant their inclusion in the table, but their deple-
tions, which represent less than one-half of cne percent
of the total depletions, should be considered in any al-
location of water.

The Geological Survey has broad programs of geo-
logic investigations and topographic mapping in the ba-
sin similar to those outlined to obtain basic hydrological

" facts which will contribute importantly to sound economic

devclopment.  These surveys and investigations should be
prosceuted actively so that data secured will be represent-
- ative and adequate for the needs of planning and develop-
ment,

The report is submitted to you pursuant to section 9
of the Reclamation Project Act of 1939 (53 Stat. 1187)
and pursuant to section 15 of the Boulder Canyon Proj-

ect Act (45 Stat. 1057). Upon clearance with the af- -

fected States and with the Secretary of War, copies of the

THE COLORADG RIVER

-port, together with comments, if any, of the affected
tates, and of the Secretary of War, will be submitted
i your transmittal to the President and, subsequently,
y the Congress. ‘
I recommend that you adopt this report as your pro-
ed report and that you authorize me, in your behalf,
to transmit copies of this letter and of the attached pro-
posed report to the affected States of Arizona, California,
Colorado, Nevada, New Mexico, Utah, and Wyoming,
and to the Secretary of War in accordance with the re-
quirements of section 1 of the act of December 22, 1944
(58 Stat. 887).
Respectfully, ,
WirpLian E, WARNE,
Acting Commissioner.

Appreved: June 7, 1946.

Oscar L. Cuarman,
Acting Secretary of the Interior,
1



Regional
Directors’

Report

“There 15 nor engugh waler azailable in the Colorado
River system for full expansion of existing and author-
tzed projects @il for all the potential projects outlined in
the report . . . [Therefore . . . it is recommend:d]

.« . “That the States of the Colorado River Basin, -
acting separately or jointly, recommend jor construction, -
as the next stage of decelopment, a group of projects, the »
stream flow depletions of which will assurcdly fall within
ultimate allocations of Colorado River watei which may
be made to the indizidual States. _

... “That the States of the Colorads River Basin
determine their respective rights to deplete the flow of 17e
Colorado River consistent with the Colorado River
Compact . . . .

“In the Colorado Ricer Basin arable land without
water is worth $/ 1o $5 an acre.  Improzed and irvigated
it swould be wcorth 875 1o $300 an acve.  The reclaimirg
of 1,500,000 acres siould probably add more than ane-
quarter billion dullars to laxable calues and supplemental
water for 1,100,000 acres would further expand b iax-
base from 50 to 100 million dollars.”
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Regional Directors’ Report

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Marc 22, 1946.

|

t rm: Regional Director, Region III, Boulder City,
ﬁ Nevada.

i Regional Dircctor, Region IV, Sult Lake City,
; Liah,

j

a: The Commissioner, Bureau of Reclamation,

i -thjrct: A comprehensive report on the development of

1+ the water resources of the Colorado River Basin in

0+ Arizona, California, Colorado, Nevada, New Mexico,
i Utah, and Wyoming, i

- L. This lener is a report in bricf form on the develop-
ert of the water resources of the Colorada River Basin,
hich dies within the States of Arizona, California, Colo-
o, Nevada, New Mexico, Utal, and Wyoming. The

+bstantiating material on which the report is based has

i prepared as a presentation of the Deparunent of
ve Interior, sponsored and conrdinated by the Burcau of
feelamittion. That material is attached,

wupe and Purpose

~wo L wrder to show how the people in the basin and in
¢ Natien can hest he besiefited by further development
the water resources of the basin, the report includes
deseriprion of the basin’y resources, its needs and prob-
s, id a8 present and potential developmune. Some
Fprje s or s of projects are listed as possibilitics
rbutare develunment of the water resources within the
dural drainnge basin of the Colorado River.

[N

Estimates
) e it pessible reimbursability and depletory
cetonstream low of these developments are presented.
HEEPORT i) dis risses present and potential projects for
©esport o warer {jom the Colorado River Basin to
et Lasing, but o estimates of construction costy,

TN e

v

benefits, or reimbursability are presented.  Because of
the limited water supply all of the potential projects can-
not be constructed and all of the existing and authorized
projects expanded to the possible extent of their ultimate
pot ntialities, The potential within-asin projects as a
group are an index of the over-all results and benefits to
he expected from the development of all the water re-
sources of the basin, - This report, with its substantiating
material, provides a basin-wide perspective for planning
development on a sound basis. It is intended to serve us
a medium through which the Congress may be apprised
of the potentialities for the development of the basin’s
water resources and as a guide in the sclection of projects
that ultimatcly will comprise the comprehensive plan for
the utilization of the waters of the Colorado River svs-
tem for irrigation, electrical power, and other purposcs.

| Authority for the Report

3. This report is authorized to be made by virtue of
the Reclamation Act of June 17, 1902 (32 Stat. 388)
and acts amendatory thereof or supplementary thereto,
particularly the Boulder Canyon Project Act (45 Stat.
1057) and the Boulder Canyon Project Adjustment Act
(54 Stat. 774).

Cooperation and Achnowledgments

4. The preparation of the report has been a joint «fart
of numerous Federal, State, and local governmental azen-
cies, all looking toward the formulation of a comprehen-
sive plan of ultimate development of the bastn’s water
resources. The Geological Survey, National Park Serv-
we, Fish and Wildlife Scrvice, Grazing Serviee, Bureau
of Mines, OTice of Indian Affairs, General Land Offiee,
and Burcau of Reclamation, all within the Department
of the Luterior; the Federal Power Commission; aned the
Farest Service of the Department of Azriculture have pre.
pared reporis which are appended hereto as substantiat-
ing material,  The experience and data files of the Curps
of Envineers, War Department, and of the Sail Conserva-

A
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tion Service and Bureau of Plant Industry, Department
of Agriculture, have been drawn on heavily through con-
sultation with their personnel and free use of their
“publications.

5. The States of the basin have contributed- materially
to the report, formally through the Committees of Four-
teen -and Sixteen, which reviewed critically and con-
structively the initial draft of the substantiating ma-
terial upon which this report is based, and less formally,
~ but most usefully, through frec access to their data and
ready consultative services of their engineering and ad-
ministrative personnel. The helpful services of many
local governmental and private agencies, too numerous
to be listed here, are gratefully acknowledged.

i

Description of Area .

6. The Colorado River rises in the Rocky Mountains
of Colorado and Wyoming, flows southwest about 1,400
miles and enters the Gulf of California. It drains an area
of 242,000 square miles in this country—one-twelfth of
* the area of continental United States, The Salton Sea
Basin in southeastern California, which includes the
Coachella and Imperial Valleys, is discussed in this re-
port because of its intimate relationship to the Colorado
River.

7. In its course from the high peaks of the Rocky
Mountains, the Colorado River traverses the mountain
valleys of Colorado and Wyoming; flows through spec-
tacular. canyons, of which the Grand Canyon of the
Colorado is the outstanding example, in southeastern
Utah and northern Arizona; and finally, below Lake
Mead, it courses through broad, alluvial valleys inter
spersed with mountain chains,

8. Climatologically, the basin has the extremes of
year-round snow cover and heavy precipitation on the
high peaks of the Rockies and truly desert conditions, in
which precipitation is a rarity, in the Yuma arca. Tem-
peratures range from the temperate, affording only a
90-day growing scason in the high mountain meadows ol
Colorado and Wyoming, to the semitropical with year-
round cropping in the Yuma-Phocnix area.  Develop-
ments by man within the basin are likewise startling in
contrast, ranging from none in the remote platcaus of
southeastern Utah and northern Arizona, inaccessible by
highway or railroad and seen only by an occasional sheep-
herder, to the intensely developed suburban and agricnl-
tural arcas snrrounding Phoenix and Yuma and within
the Tmperial Valley. .

9. The busin is important in the Nation's economy.
Agricultural products include cattle and sheep from the
vast range areas and the irrigated hay meadows of Wyo-
ming, Golorado, New Mexivo, Utah, and Arizona;
tempic rate-climate fruits from Colorado: and citrus {ruits,

THE COLORADO RIVER

winter vegetables, livestock, and hay from the Phoenix-
Yuma and Imperial Valley areas. There are now un-
der irrigation 2,260,000 ‘acres in the Colorado River
watershed and an additional 416,000 acres are irrigated
with Colorado River water in the Salton Sea Basin of
southern California. In addition to the water used for
this irrigation, 184,000 acre-feet annually are being ex-
ported to other adjacent stream basins in Colorado and
Utah to supply requirements for irrigation, power, and
domestic and municipal purposes, and 63,000 acre-feet
were exported in 1943 to serve the Metropolitan Water
District of Southern California.

10. Enormous beds of bituminous and subbituminous
coal within the basin in eastern Utah, southern Wyoming,
and western Colorado are estimated to contain nearly
one-fourth of all the coal reserves in the United States.
Mines in these arcas now supply most of the coal require-
ments in the Rocky Mountain and Pacific Coast areas,
including transcontinental railroads and the Utah and
California steel industries.  Vast deposits of oil shale and
bituminous sandstone are undeveloped but, with coal,
are becoming increasingly important as petroleum re-
serves approach exhaustion. Natural gas from basin
fields in Wyoming, Colorado, and New Mexico supplies
local needs and is piped, to industrial areas outside the
basin.  Mines in Utah and Colorado are the leading do-
mestic source of vanadium, uranium, radium, and molyb-
denum. Since 1910, Arizona has consistently led all
States in copper production through mines and ore re-
duction mills within the basin. Geld and silver and sev-
eral other metals, largely byproducts of copper mining, are
mined in important quantitics. Great beds of thinly-
covered phosphate rock centering around the corner com-
mon to Utah, Wyoming, and Colorado provide a basis
for a potential fertilizer industry.

11. Present development of hydroelectric power also
presents a contrast as between areas in the basin.  In the
upper basin, that is, the basin above Lee Ferry, Arizona,
only about 60,000 kilowatts of hydroclectric power have
been developed. In the lower basin, on the other hand,
the Boulder and Parker Dam power plants, those on the
Salt River near Phoenis, and other lesser hydroclectric
developments have an aggregate installed capacity of
1,258,000 kilowatts—roughly 50 percent of the depend-
able capacity available to the southern California-Arizona
area. In 1945 Boulder and Parker Dam power plants
alone produced 6.1 hillion kilowatt-hours—about 60 per-
cent of the energy conswned in that area.  Further in-
stallation of 580,000 kilowatts of hydroglectric power is
authorized or definitely planned,

12. The hasin is important to the Nation from a recre-
ational standpoint. Rocky Mountain, Mesa Verde,
Bryce Canyon, Zion, and Grand Canyon National Parks,
many National monuments. and the Boulder Dam Na-
tional Recreational area lic wholly or partly within the

\
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tesin, These areas formally withdrawn for recreational
purpuses, together with the mountain streams and their
unmarched trout fishing, the big game hunting, the In-
dian reservations, and the painted deserts of northern
Arizona make the basin a National playground.

13, The construction of Boulder Dam by the Bureau
of Reclamation was a great step in the control and de-
velopment of the Colorado River. It has changed the
character of a 565-mile section of the river from Grand
Canvon to the Gulf of California.  The dam controls
destructive floods that formerly harassed farms and com-
muanities far downstream, and releases a controlled
stream as needed for power development and municipal
purposes and to irrigate lands in the lower Colorado
River, Imperial, and Coachella Valleys. As a result of
construction of Boulder Dam the domestic water supply
of 14 cities 250 miles west of the Colorado River in the
vicinity of Los Angeles is being augmented through the
Colorado River Aqueduct of the Metropolitan Water Dis-
trict of Senthern California. A new recreational area

. that attracts more than half a million people a year has

Leen created by the dam and Lake Mead in an area for-
merly forbidding and unvisited.  The lake is stocked with

fish and has becomie one of the important features.in the

migration flyways for wild waterfowl. Power from
Boulder Dam has made possible the vast industrial ex-
pansion of the Pacific Southwest, including the great
shipyards, aircraft factories, and light metal refineries
that helped so much to shorten the war.

Problems of the Basin

14. Substantial as is the contribution of the basin to
the National economy, a much greater contribution can
b made when its existing problems are climinated and
#ts potentialities developed.  The basin’s 900,000 people
are less than onc percent of the Nation's total but they
verupy eight percent of the country’s land area. Para-
dosically, however, population pressure in parts of the
basin forces young penple to migrate elsewhere for oppor-
tunities.  In this arid and semiarid area optimum use of
the vast land resources is dependent on water being avail-
able for irrigation. Crop production withont irrigation
15 possible in ondy a few arcas and is of negligible impor-
tance. A stabilized and increased irrigation supply
wonld permit a shift to more intensive types of farming
in some sections thus providing agricultural opportunities
for more people.  The practical limit of water resources
developracot by private enterprisc has been reached.
Devclopment of the vast mineral resources is awaiting the
low-cost power that can be generated at multipurpose
dams which will serve also for irrigation and flood and
silt conitrol.  The recreational resources—no inconsider-
able asset—will be further realized as the basin’s other

1

resources and attendant community improvements are
developed.

15. More specificaily, inability to produce sufficient hay
to winter-feed livestock has prevented optimum use of the
fine range land of Wyoming, Colorado, and northern
Utah; and lack of winter feed in southern Utah, New
Mexico, and Arizona has forced use of the range the
greater part of the year, possible because of the milder
climate, and vast areas have been overgrazed with at-
tendant erosion and destruction of national import.

16. Intensive irrigation farming is carried ont in various
parts of the upper basin, notably in the Grand Valley
area in Colorado and the Uinta Basin in Utah.  Several
Federal Reclamation projects provide a fairly adequate
irrigation supply in some areas but construction ¢f addi-
tional projects is needed to supplement irrigahon sup-

- plies for inadequately irrigated lands, permit more lands

to be irrigated, and provide for substantial improvement
in domestic water facilities.

17. Examples of lack of developed land and water

resources to sustain existing communities are found in the
Virgin River and Little Colorado River Basins. In the
Virgin River Basin, somewhat isolated commercially and
dependent almost exclusively upon an agricultural econ-
omy, the average area per irrigated farm is about 30 acres.
To supplement his income the farmer has been forced
to overstock the range, with the result that it has become
denuded. Economic distress in the midst of undeveloped
land and water resources prevails. The same conditicns
hold in the Little Colorado River Basin.
« 18, Population pressure, with its attendant demand for
farm homes, has resulted in an overdevelopment of the
water resources of the Phoenix area. Irrigators first re-
Yied on surface waters of the Gila and Salt Rivers, but
expansion of irrigated areasled next to pumping of ground
waters for purposes of drainage, and finally to overdraft
of the ground water supply for irrigation. Ground water
levels are being continually lowered, and pumping lifts
already have become so great that substantial acreages in
this very rich valley have heen abandoned.  Ultimate
abandenment of as much as 200,000 actes is indicated
unless a new supply of inigation water is brought into
the arca. :

19. Only by substantial drafts on Lake Mead storage
has the southern California-southern Arizona power mar-
ket area bern able 1o meet its electric energy requirements
during the war years immediately past. Normal load
growth will require that this area, its oil and natural gas
fuel supplics being serionsly depleted, Iook 1o further hy-
droclectric. power development on the lower Colorado
River. Likewist espanding power loads in Utah, Colo-
rado, and Wyomirg focus attention on hydroelectric
power possibilities in the upper basin. War emergency
construction with the installation of 100,000 kilowats of
steam generating capacity in the Salt Loke City arca

3
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was necessary despite the importation to that area of a
- substantial amount of energy from Idaho and Montana.

20. The Colorado River carries a tremendous volume

of silt, depositing annually approximately 137,000 acre-
fect into Lake Mead. The silt discharge of the river does
not portend immediate serious effect on the useful life
of Lake Mead, a tremendous reservoir, but the service of
this reservoir would be prolonged with upstream silt con-
trol. The small potential reservoirs at Bridge Canyon and
. Marble Canyon immediately upstream from Lake Mead
would retain most of the silt now carried into Lake Mead
but would soon be filled. Dams on heavy silt-carrying
tributaries above these sites for the control of floods and
silt, aided by proper watershed management, would do
‘much to prevent impairment of the value of these
main-stream rescrvoirs for river regulation and power
development. : '
21. The Colorado River has always been an unstable
stream through the alluvial plains and its delta area be-
low the site of Boulder Dam. Recent rising of the river
bed from silt deposition in the Needles-Topock area has
required continuous raising of levees to prevent destruc-
tive flooding. In building its delta, the river has placed
itself on a ridge, building it ever higher and continually
threatening to break through protective works, In 1905
the river broke through and flooded the Imperial Valley,
vastly enlarging the Salton Sea, and substantially dam-
aging irrigation works, agricultural lands and improve-
ments, and the roadbed of the Southern Pacific Railroad
Co. before it was turned back into its channel in
1907. With desiltation of the river at Lake Mead, the
channd] downstream is undergoing a change in adjust-
ing to the new regime.  Tor the first 88 miles below Lake
Mcad the channel has becn progressively lowered with

most of the material being deposited in the 32-mile .

stretch next downstream.  Control of the river channel
below Boulder Dam is an important and diflicult prob-
lem which wilt require attention for many years.

22. Alihough Boulder Dam provides full flood con-
trol of the Colorado River at Black Canyon, the area be.
low is still subject to floods of lesser degree originating in
the watershed areas of the Colorado, Gila, and Bill Wil-
liams Rivers below Boulder Dam.  Above the dam there
are no flood-control structures of significance to the river
system as a whole.  Local damage oceurs frequently along
tributary streams.  For hundreds of miles above Boulder
Dam the river and the lower stretches of its tributaries are
confined in deep and barren canyons where floods can do
no damage, but it is from these regions that most of the
silt is carried into the river.

23, Flows of most tributary streang from which irriga-
tion diversions are made recede in fate summer to such
an extent that crops suffer seriouslyifrom lack of water,
Numerous reservoirs are needed to gtore flood flows for
release as reguired for irrigation,  {The construction of

ﬁ
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Boulder Dam temporarily has solved the water-supply
problem for main-stem diversion in the lower basin,
but as expanding uses in all parts of the basin deplete
available supplics, additional main-stream storage reser-
voirs will be necessary for the holding of water from wet
to dry years and to permit it to be metered out to the
manifold interests having rights in the strcam. Dams
built primarily for river regulation could serve also for
power production, flood control, silt retention, fish and
wildlife propagation, recreatjon, and other purposes,

24, The treaty between the United States and Mexico,
which became effective on November 8, 1943, requires
construction of Davis Dam (already authorized) by the
United States within 3 years of that date, and necessitates
certain facilities and arrangements for delivery of water
to Mexico. ~

25. Numerous small projects now divert water from
the Upper Colorado River Basin and convey it by tun-
nels or transmountain canals to adjoining watersheds for
irrigation, domestic use, and power production. About
184,000 acre-feet are now being exported each year. The
Colorado-Big Thompson project in Colorado and the
Duchesne Tunnel of the Provo River project in Utah,
both under construction by the Bureau of Reclamation,
together with possible expansion under existing projects
will provide for the exportation of an additional 474,000
acre-feet from the upper basin. There is a growing de-
mand for more water from the Colorade River from
water users in the adjacent North Platte, South Platte,
Arkansas, Rio Grande, and Bonneville Basins, An ulti-
mate diversion of 3,380,000 acre-feet annually from the
upper basin is physically possible apparently at reason-
able cost but the exportation of this amount would sub-
stantially limit potential within-basin uses.

26. The All-American Canal and the Colorado River
Aqueduct are now exporting about 2,500,000 acre-feet
of water from the Lower Colorado River for-use in Cali-
fornia. Potential expansion of these diversions to 5,300,-
000 acre-feet is possible but would likewise conflict with
potential uses within the basin.

27. These major problems and others of smaller degrec
but nonctheless important to the economy of the basin
and the Nation have prompted the preparation of this
report, :

Water Supply

28. In its virgin condition, before diversions were made
by man, the Colorado River is estimated to have carried
an average of 17,720,000 acre-feet of water annually
across the International Boundary into Mexico. The an-
nual flow varied from about 5,000,000 acre-feet to 25,
000,000 acre-feet. Under the Mexican Treaty it is esti-
mated that Mexico will receive 1,500,000 acre-feet



REGIONAL DIRECTORS' REPORT

annuaily, leaving for consumption in the United States an
average of 16,220,000 acre-feet plus such water as was
consumed under virgin conditions by natural losses, pre-
ventable in part with full basin development.

249, Present water uses in the United States are esti-
mated to deplete the virgin water supply at the boundary
by abaut 7,120,000 acre-feet annually, leaving an aver-
age of about 9,100,000 acre-feet to meet expanding uscs
under existing or authorized projects and to supply new
demands for potental projects within the Colorado River
Basin States.

Division of Water

30. The Colorado River Compact, signed at Santa Fe,
N. Mex., November 24, 1922, and made eflective by sub-
sequent ratification by the seven basin States, and by en-
actment of the Boulder Canyon Project Act (45 Stat.
1057), apportions the waters of the Colorado River sys-
tem between the upper basin and the lower basin and
provides that the States of the upper division {Colorado,
New Mexico, Utah, and Wyoming) will not cause the
flow of the river at Lee Ferry to be depleted below an
aygregate of 75,000,000 acre-feet for any period of 10

consccutive years. The compact also provides for a di-

vision of surplus waters after October 1, 1963. There
is o final agreement among the States of the Colorado
River Basin as to the amount of Colorado River water
to be allocated to individual States nor have all of the
States made final allocations of water among projects
within their boundaries, There is not complete agree-
ment among the States regarding the interpretation of
the compact and its associated documents (the Boulder
Canvon Project Act, the California Self-Limitation Act,
and the several contracts between the Secretary of the
Interior and individual States or agencies within the States
for the delivery of water from Lake Mead). This report
makes no attempt to interpret the Colorado River Com-
pact or any other acts or contracts relating to the alloca-
tion of Colorado River water among the States and among
projects within the States.

Future Development of Water Resources

31, Ulimate development of the water resources of
the Colorado River will involve the investigation and con-
struction of such projects as will fully utilize for irrigation,
power production, flood control, and other beneficial pur-
poscs all the water in the Colorado River system available
to the United States. Looking toward the formulation
of a plan for comprehensive development, this report pre-
sents for consideration 134 potential projects or units of
prajects, mostly multiple purpose, for use of water within
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the natural drainage basin of the Colorado River. Po-
tential projects for the export of water from the Colorado
River Basin to adjacent basins are also discussed, The
inventory of potential projects in this report and substan-
tiating material is intended to be of use in the selection of
projects which will comprise ultimately the final compre-
hensive plan. It is not intended that the listing of projects
in this report will preclude the consideration of others that
additional investigations may show to be desirable. In the
formulation of the ultimate plan, however, consideration
must also be given the possibilities for expanding projects-
now existing or authorized. Because of the limited water
supply, it is not possible for all the potential projects to
be constructed and for all the existing or authorized proj-
ects to be expanded to the possible extent of their ultimate
potentialities. Each development can deplete the strean
flow only insofar as permitted by the Colorado River
Compact and other legal limitations. The formulation
of an ultimate plan of niver development, therefore, will
require selection from among the possibilities for expand-
ing existing or authorized projects as well as from among
the potential new projects. Belore such a selection of
projects cant be made it will be necessary that the scven
Colorado River Basin States agree upon their respective
nights to deplete the water supply of the Colorado River
or that the courts apportion available water ameng them.
Each State also will need to select from the potential
projects within jts boundaries those it desires to have con-
structed to consume its allocation of water. The many
decisions and selections to be made require a vast back-
ground of factual information. To assist the States in
the selection of projects the scveral agencies which have
prepared this report stand ready to make available their
consultative services and all information presently at
hand. A great amount of enginecring and economic in-
vestigational work has been required to assemble and
evaluate the information {from which has been prepared
this inventory of potential projects. Detailed information
is available for a substantial number of potential develop-
ments and only data of a reconnaissance nature for others,
but from all the information available it should be possi-
ble, prior to a final scttlement of water rights, to select
a group of projects which are urgently needed, or which
will be key units of the comprehensive plan for constiuc-
tion as the next stage of the development.

32. Although there would be enough water in_thc
river system to serve all of the 134 within-basin projects
or units of projects if no further exportation of water is
made, it may be found more economical and the States
may elect to forego construction of some irrigation proj-
ects within the natural drainage basin in order to make
water available for exportation to adjacent watcrsheds
within the basin States. Whea final allocations of water
are made, moreover, some Statcs may be unable to use
their full amount unless part is exported. Power projects
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dn not consume water except by evaporation from power.

reservoi's, but most of these reservoirs serve multiple pur-
poses ancare required for full river regulation and con-
trol. .

33, If all the 134 within-basin potential projects or
units of projects were construcicd, they would deplete the
flow of the Colorado River by more than 6,000,000 acre-
feet annually. New possibilities exist for tne exportation
of an additional 3,000,000 acre-feet annually to arcas out-
side the natural drainage basin but within the boundarics
of the Colorado River Basin States, as permitted by the
Colorado River Compact. If all existing or authorized
projects were constructed to the possible extent of their
ultimate potentialities, they would increase present deple-
tion by approximately 4,000,000 acre-feet.  With present
uses deplcting the stream by about 7,000,000 acre-fcet,
the total depletions would aggregate more than 20,000,
000 acre-fect, or about 23 percent more than the
estimated amount of water available. Predominant
among existing or authorized projects which could be fur-
ther developed are those in the lower basin made possible
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by the construction of Boulder Dam. Possible future de-
velopment of these enterprises would increase present
river depletions by about 3,600,000 acre-fect annually, of
which 2,800,000 acre-feet would be used iu California
outside the natural drainage basin of the Colorado River
and the remainder would be consumed in Arizona or
California or lost by reservoir evaporation. In the upper
basin completion of existing or authorized transmoun-
tain diversion projects would further deplete the river by
474,000 acre-fect annually and expansion of within-basis .
projeciz would cause a depletion of 82,000 acre-fcet.

34, The degletory effect on stream flow of all within-
basin and export diversiun projects, including existing or
authorized projects and potential projects, is shown in
table 1. The depletion shown under existing or author-
ized projects include present depletions resulting from
projects in operation and possible depletions which would
result from the extension of existing projects or the con-
struction of authorized projects. Depletions are shown
for the 134 potential within-basin projects and for the
new export diversion possibilities,

TasLk L—~Present and potential stream depletions in the Colorado River Basin

Estimated average annual depletion (acre feety 1
Dasin and State Existing ot suthorized projects Potentinl Total
. projects titimare
Present Paossible depletion
depletion incrvase
Upper Basin
W SO e e————- Lovo200 oo 39, 000 49, 200
(;olorm!m_ .......................... 1, 231, 300 507, 000 2, 522,000 4, 260, 300
New Mexico.. o oooeonin s 68,400 (... ... 450, 000 518.400
Ut s 515, 900 32,000 | 1,462,700 2, 010, 600
Wyoming. ... . 374, 000 17, 000 576, 000 a67, 600
Main SHI FESCTVOIL J0SEUS 1 vt e e ar oo rmm e e mam s vmwm e m e cm e e o em e o] e e 831, 000 831, 000
Pasture irmig8tion. ... ool i ¢ 0] 500, 000 500, V00
T s s 2. 199, 800 ] 556, 000 | 6,350, 700 | 9,136, 500
Lower Basin ;
Arfzons oo e a e m— e —————a 1, 407, 200 371, 000 ' 2,015, 400 3, 943, (00
(;uhfnrnm ....................................................... 2, 630, 000 2, 946 \ o0 176, 0600 5, 02, 000
!\N‘ndu ............... ememmmnn e . 43,800 j..iveunanen .o l 213, 600 254, 800
:. w Mesie 9000 1 ______.__ 2000 a7, 0o
l»l:lh.,-_,w_. .. . 45,000 | ... ... ... 56, 300 101, 300
Alain slem rese nuxr lu,-.w.s .............................................. 713, 000 66, 000 | a1, 000 870, 000
BUBLOBE . o i e i e et s 4,018,000 | 3. 583, 000 | 2,550,700 | 11,060,700
Total e e ieheineecniiieaeaa ' 7,117, ‘QO-l 4, 139, ﬂl)o 8, 940, 400 ‘ "0 147, "lO

Average flow available for deplition fn the Unitad Staces, 16,220,000 aere-feet.

Potential Projects

35, The 134 projects or units of projects included in
the inventury of potential projects for development of the
water resourees of the Colorado River Basin are all lo-
cated within (he nawral drainage basin of the Colorado
River, 100 in the upper basin and 34 in the Jower basin,

1 Ineludes Both tses within the natural basin and export diversions to adjacent
walvrsheds,
1 Juctuded in depletinns shown by States.

(Sce par, 41, table II.) These within-basin potential
projects considered as a group indicate in general the ulti-
mate potentialities of future development. For that rea-
son these projects are summarired in the following para-
graphs, 1f similar basin reports for adjoining basins or
individual pmj( ot reports indicate the need and desirabil-
ity fur exporting water from the ratural drainage basin for
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use within the Colorado Basin States, as permitted by the
Colorado River Compact, this would result in a corre-
sponding reduction of within-basin uses. New possibilities
for exportation of water to adjoining watersheds, such as
the Blue River-South Platte and Gunnison-Arkansas proj-
ects in Colorado and the Central Utah project in Utah,
are mentioned in the substantiating material but are not
tabulated and summarized in the inventory of potential
projects presented in this report.

36. If all of these 134 projects or units of projects should
be constructed they would benefit 2,636,230 acres of land,
1,734,950 acres in the upper basin and 921,250 acres in
the lower basin. Of this total 1,533,960 acres would be
new land brought into cultivation, 1,230,810 acres in the
uppcr basin and 303,150 acres in the lower basin, and

1,122,270 acres of inadequately irrigated land would be
furnished a supplemental supply,- 504,170 acres in the
upper basin and 618,100 acres in the lower basin. (Sce
par. 41, table II1.) In addition to these lands vast areas
of natural pasture lands in the upper basin would produce
more abundantly under irrigation. These pasture lands,
located mostly on gentle mountain slopes, have not been
surveyed and consequently specific projects have not been
planned to bring water to them, but in summarizing po-
tentialities for new developments an ultimate river deple-
tion of 500,000 acre-feet annually has been allowed for
pasture irrigation.

37. These potential projects include 38 hydroelectric
power plants with a total installed capacity of more than
3,500,000 kilowatts. (Sec par. 41, table IV.) Twenty-
nine of the plants would be in the upper basin, mostly on
tributary streams. The combined installed capacities of
the upper basin plants would total 1,713,000 kilowatts
and the annual energy output 9.2 billion kilowatt-hours.
This is more than the anticipated requirement for power
in the upper basin and would leave some for transmission
to adjacent areas. The 9 new plants outlined for the
lower basin would have installed capacities totaling 1,945,-
400 kilowatts and would produce 10.2 billion kil watt-
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hours of additional energy a year. This vwould sausfy
all expected demands in the lower basin and the adjacent
West coast power market arca until 1900, at which time
additional power developments would be required 1o meet
growing demands. The potential power cutput in both
the upper and lower basins could be maintained su'stan-
ually even with full development of the river system for -
irrigation and other purposes.

38. Potential power and irrigati n reservoirs would
make a substantial contribution to fuod conwrol in the
basin, but the extent of that contribution rannot, of course,
be determined unal the projects to be constructed have
been selected.  Some of these reservoirs would permii use
of a greater part of Lake Mecad's capacizy for irrigation
storage and power production.

. 39. Reservoirs provided for irrigation, p wer produc-
tion, or fluod control would have incidental value {or fish-
ing, boating, and other recreational purpases. Rescrvoirs
could be operated to maintain or improve the fishing in
mountain streams.  Specific projects are described which
would furnish municipal supplics to Tucson, Ariz., and
the Grand Valley area in Colorado. Future water re-
quirements for growing muscipalities and industries
could be provided as needs arise.  Many of the resen oirs
wou'd have storage capacity for retention of sitt and mic-
gate that menace for a great many vears to ¢ome,

40, Construction of all these potential proicets for use
of water in the natural drainage basin, including transmis-
sion grids, is estimated to cost $2,183,442,000 with expen-
ditares divided $930,142,000 in the upper basin and 81,-
255,300,000 in the lower basin. These preliminary est-
mates are based on costs as of January 1940.

41, These 134 potential projects or units of projects,
together with their locations, sources of water supply, pur-
poses to be served, and estimated construction costs are
listed in table II. Potential irrigation and power Jevelop-
ments that would result from the construction of these
projects are summarized in tables IITand 1V, respectively.

TasLe 1L.—Potential projects in the Colorado River Basin

'

Project sad unit Lagation of project

Rt irm ated eonstriacs

R
Source of water supply 1 Purpese to be served | thon eost 4

Upper basin

Sublette. . . .

West Side__ oL

TDaniel. .. .. L

Fikhorn. .. ... . .

aradise 22U New Fork River -

Bden .ol TUTIIITUTTTT Big Sandy Creek . L

Lower Big Sandy ..o l0n e e e do 1

TaBaree. oo O e IaRnrmﬂCl’wk I

Fortene “(' ~~~~~~~~~~~~~~ woacadon L Fonteneile Cn\k I )

Seedskaden_ L daL .. " Gireen River. .. b 3 iod 00
Opal__ .. do.. . - Hams Fork.. .- B et | 1330, o
Lyman. du__ - Blacks Fork, Smiths Fork . . B A 3 oo
Heneys F O Wyoming. Henrys Forko.oonowemmnne cnoonen L }Ful'f_i EEERE 1 o0 D
Fiamirg Gurge. ... .. Q0T Green RIVET . oo oee e P FH, S .

$ve footnotes at end of table.
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TasLe 1L.—DPotential projects in the Colorado River Basin—-Continued

( Estirnted construe-

1 ’
Project and unit % Location of project ! Bonree of water supply | T'urpose to be served | § ot et 1
! i !
: \ -
Upper basin—Continued ' l ! |

Red Canyun. ..o.eowoooonn Utaho ool ' Green Rivero .o oo...ooooo oo PF . ! 84, 100, O
Inttle Eaake River. ... ... ---} Wyoming, Cclorado. .. .. . Little ¥nuke River tribytaries.._____ LPF. ... | 21, 500, 000
.......... Co!orado--_.__-_h---___, \ampa River. IF 2, 300, 000

....... | LS 1, 100, 600

....... Tnbutanes of Yawpa River. ..._._. 3, 300, 000

....... Elkliead Creek and Elk River.._.__. 2,760, €00

White River and Milk Creek. ... ILF 4,709,000

Yaupa River 23, K0v, (00

A L0 | i 1 760, 600
Cross Mountain_ ... | 5, 6L, 000
Lily Park__..__.___.. A . ] 1,010, 000
Josephine Basit. ....... I Y I I femman : I 3u0, €00
Piceance. ... e cvmevocanaeoo|ocans | ReQ, GO0
I)uclu e Rn er and tributary_ ... LFeeenn. 7,900, 000

FruiJand. " Red Creek. oo oo eaeiaem e LF ... 400, £00
Castle Peak A ! Duchesne River________ ... CLF 5, 300, 0G0
Mosby_ ... i Deep Creek, Whiterocks River..... { LFP o ... ‘1, 100, 000
Vermal ... . ‘ Ashley Creck. oo oo ILF 1, 50U, L0
Jensen. ... ooceeoos . Brush Creek. .. oo o e 300, 000
Minnie Mavd. _..oo.... Minnie Maud Creek.. g 100, (00
Green River Pumping. .. . Green River ... 400, GGO
Teho Park ._..._... R slorado_ ... ool 43, €00, 000
Split Mountain. . e oo... BT R L.l Omm e e e 23. 600, U0
Zmery Countyo.oooe-- RS SO i Cottouwood Creck. 2, 500. 110
Bockhorn. . coeeevoamacaniiifean. } Huntington Creek-. 1. 260, CGO
Guonison Valey . .omeeeanomon | Green River. ... 1 1, 100, CCO
Desolation Canyon. eeu.ne- ... I Ao e . O e e e 21, 000, 0O
Ratilesnake Power . o . .dO.ooioaiiioo.. P /T 23, 0C0. ¢C0
Trouhlesome  nenmecrcneccnnnn i Coloradd. oo, 1 Troublesome Creek. F . 2,210, (60
Muddy Creek__-__.2l 2000 . S Muddy Creek____.. VL F 500, (00
Gure Cauyon. - oveenen. I Colorado River. . 3, 80, 000
Fonrme. . o oeeovneon.. " Fourmile Creek .. o cueroiannccaaas 3 €C0, 009
Cattie Creek Cattle Creek. ... cvoveocmene- [ 430, 0O
Capitol Cree ~Spowmass Creek. . ooovooioianaian 1 130, cO0
Woody Creek.. Roaring Fork 170, 600
Sl e e e Rifle Creek 1, 320, CCO
West Divides caeee e iononnnn. i Middle Willow Creek F I 1, 800, 00
Hunter Mestooo mveeovmenno . | Huzzard Creek F 1, 500, €00
Rout Creek o oooomcneocneae J Carr Creek : 610,600
CoillarAN e e eeeaaee e wn 1, 446, 000
Crand Valley Extension 415, Q00
Llﬁ(u«luumpﬁoll...-. . 34, 240, 000
Tomichi Creek, .oo-.. . 1, €0, 0CO
Cochetopn Creek. . ..., Ao don. 1, 150, 0U0
Ohio Creek o vn. vun.. ..-._]u_.‘do.,- l,tIhO. 0eo
Lake Fork. (veno o ou. 1, 300, 000
Sapinero. . ....c..-. 7, 800, 0C0
Yruittand Mesa____... 38, 500, 00
Supith Forkgme e mcwncs 2, 200, 060
Paonis...ooeenriinoiiinnnaoaas e Fast Muddy Creck aud Nortk Fork. 1, 400, Cr)
Mithesola . oo eiceean. . R Minnesota Creek 820, 0C0
Leroux Creeko oo anaiiodoali. e —— ) Leroux Creek. oo oo . 2,600, 000
Grand Mesi. aneneonnnueaet R Currant, Surface, and Tougue Creeks. 1,€20.C00
Ouray..oo v ven. SOl el , U uwmpuhgre RINCT e e 4,10, CC0
Redtands. .. . oooooeo.. L P Gunnison River___ . .___...__..._. 367,000
Bageer VRUCY. ool A0 Disappoiniment Creek. ... _______. G0, G0
Nuela. .o e looe.. 0.ceuevevon.coa. ... Horsetly and Cottonwood Creeks. ... 1,200, Cu0
San Miguel ... oo oLl [F do..._....._ ... ..} Anderson, Naturita, Dry Credks, 6, 590. 6v0

| und Fan Miguel River. .
West Paradox ..o ool . \\0~t Paradox, Deep, and Geyser £40, C00
reeks,

Dewey oo iia i ' Co]urarlu 10 38, €00, 000
Moab .. P B 5 11 Y 9 o, 000
Pack el oo ieeeans L Mil Croek e oo 705,000
th(h(ruk J DT DI ' TR B | £ TR I 1 S | oo, e
Palee-Clama-Navajo. oo . . i Colorado. o ooviionn. . Navajo River.. . . oooommm | 1,827, 00U
Nouths B8t Ul . cve e oo New Menico. .oooeonnn. San Juan River. oo ..o oL, ' 35, L0, Le0
Curracas e aemnt i Colorado. .o ooeeo e c b don e e e EURNEY
O'Newl Puk 0T o e Piedra RiNer. s o e i 5"‘_‘““
Hammond. ... . e wmen i New Mexico. ... . b San Jusn RIVOr. oo e k f 725,000
Siproek . oL LU ol L e aes . ! 21.1‘”.0(’0
Foeraid Lake 0 ..t wlorado. oo RT 6, 200, 000
Prne tiver xtonsion. oo oele b Calorudo, New Mexiea.. ! 1, 835, 000
Norda.coveeoe o eanns PAulorado. o ool l 2,200, (00

Fee faotputes at end of tuble,
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TasLe 1L~Potential projects in the Colorado River Lasin--Continued

Trujeet and unit

Locaiion of projeet

|
‘ Sonree of water supply

Purpose to be served 1

! Estimaied comstrue-

fon et )

Upper basin—Continued

Animas-La Plata. ..
Meklinoo... . .
Movtezuma Valley Exter
Dalures
Rlunding ..

Navajo Indsn Project
Wil i iaaea
Goosinecks. o ooeonnns

Slick Horn Canyon__.
Great Bend.
Fremont.__
Torrey. . .
Yacalante. ..
Dark Canyon.
Glen Canyon_....

Transmission Grid-. .. ... ...

Subtotal, upper basin. __
Lower basin

SnowtlsKe. ooaeiooiioiiiaLl
Black Creek :
Holbrook. . .
Winslow.___._
Kanab Creck.
Hurricane_.___
Sauta Clara_
Panaea Valley
Moapa Valley

Moapa Valley Pumping._ ... ... IR

Marble Canyon-Kanab Creek..!
Coroning ..o, ’
Bridee Canyon. ...,
Virgin Bay Pumping._ . _.
Las Vegas Pumping
Davis Reservoir Pumping.
Lig Bend Pumping. .. ...
Fort Mojave._______._.
Mojave Valley
Alaino
Palo Verde Mesa.,
Welltou-Mohawk .
Rentindl. ... . ...,
River rectification and eoutrol._
Central Arizona:......______ ..

Salt River,

Paradise Valley,

San Carlos.

Charleston,

Safford Valley.

San Franciseo,

Duncan-Virden Valley.
~ New Maeaico,
Chino Vailey .
Hassayanpa__ ...
Transmission Grid

ﬁnhtuml, lower ba~in....
luml,‘ Colorade River |
Basino ... ... ___ .. |

slon_ .

Cotorado, New Mexico...
Colorado. .
R T I

Colorade, Utah. ..
Utab . oooeeeonn..
Culorado.
Utah. ...

Moo
California-Arizona. .
Arizons

.| ban

Animas and La Pluta Rivers........
MeElmo Creek. ... ..
Dolores River.:
"Recapture Creek.....
uan River.....

Showlow and Silver Creeks..........
Black Creek. oo cocenn.n
Little Colorado River..

Clear and Chevelon Cree
Kanab Creek
Virgin River........
Santa Clara River... ..
Meadow Valley Wash...
Muddy River,

Colorado River. .

Granite and Willow Creek:
Hassayampa River.._.

334, 000
3u0, 00y
, 300, 0110
. 200, 000
567, 000
D10, 000
0en, 0ro
200, 000
, 300, G0
, 000, 000
%00, 000
200 000
800, 000
105, 000, 600
64, 000, 000
170, 000, 60O

R

............... [ 930,142,000
JFR S £2, 600, 000
L F, 8. 1, 800. 600
VF, 8, 1, 300, 000
JF, 8. 19, 000, 000
......... 200, 000

et 3 et et et et et

P.s, 9, 200, 00
,F, 8. 1, 700, 000
R . 1, 300, 000
, F, 700, 000
......... 2, 800, 000

382, 000, 000
4, 000, Con
144, 500, 000
1. 300, 000

& 400, (00
300, 000
700, 000
8§00, (g0

1, 900, (0G
3. 200. 008
3, 100, 000
10, 600, 00O
15, 000, 600
5, 000, 000
132, 800, Y0y

F
LE P MU

130, 000
6, 650. 000
112, 100, 000

1, 253, 300, 000

2, 185, 442, 000

fRymbnls n<ed” 1= irtieation: F=flond corarol; Pepower; He hold-over stomge for river remilation; Sasit retention: Mwmunicipal;

chanmel i proven ent,  Inaddition m any potontal eeservoirs would have value for recreation atul Bsh snd wildlide conservation.

¥ Prolineinary estirates basmd on canst

3 Hinly thie water reqnired for this project wold be diverte

ruetion posis Tan. 1

2 1040,
fromn the Gunt

rison River by exchange.

U @underground water recharge: Ca
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Tasie 1TL— Potential trrisation development in the Colo-
rado River Basin

Arca to be beaetitod (acres)

Basin sud Siate * l o ‘ Furnished
| Newland ' supplemental Totsl
i water
e e e e L
Upper hasin i }
Arizona. . ... .......l 18,680 6,000 | 24,650
Colurado.... ... .. _. | 444,060 | 226, 550 670, 610
Now Mexicoo ... .o 224,900 12, 100 240, 060
Urah 0Tl aar R0 | 161160 1 412,940
Wyoming .. .. __....| 200,330 95360 | 396,690

Subtotal, upper basin . 1,230,810 | 504,170 | 1,734, 950

Lower basin : ! !
Arizona____. e ...] 229,000 594,600 | 823,630
California .00 16, 000 01 16,000
Nevada. . ... __._...] 43,100 4,500 1 47,600
New Mexico. .. e, 2, 000 10, 800 12, 800
Ctaho e o 13,000 | B200] 21,200

3ubtotal, lower Lasin ___; 303,150 | 618,100 | 921,230

Total, Colorado River : | |
Basin. ... 1,533 960 il, 122,270 ; 2, 636, 230

Tanre IV. ~Potential power develupment in the Colorado
River Basin

T
i Power plant in- { Aunual firm gencra-
stalled eapaciry ton (kilewatt-
Frowatts) bours) &

Brsin and Flate

! el R
Upper basin } ;
400, 000 | 2, 188, 000, 000

325, 500 | 1, 661, 0u0, 000

Aridons o o e .,_-...‘
Colorudo_ ... _..._. |

New Mesicoo.o. oo Y R
Vtah oo T T 086,000, 5, 383, 000, (00
Wyorivg .. ... ool .l 1, 500 g, 000, 000
Rubtotal, upper Dasiv. .. .. ; 1,713,000 | 9, 241, 000, 000
Lower basin T
AR e 1, 9537, &0 110, 182, 000, 000
Callfornia o e e e —cen o
Nevadao .o e e e | S
New Mesico T 300070778 000, 000
Vil ool 4,600 | 15,000, 00
Nabtaral, Tower basin.. ... 1,943, 400 (10, 203, 006, 000
Total, Colorado River Basin_..| 3, 638, 400 ;19} 446,000, 040

tNt firt tenetacon, evclusive of replacement power,

Summary of Annual Bene fts and Costs
of Potential Projects

420 A definite anadysis o basin-wide development of
water resourees cannot be presented undl a final selection
of projects has been made. The following estimates aud
approvimations are based on development of all potential
within-basin projects summarized in the report. This
andvsis is presentad to indicate the economic feasibility

THE COLORADO RIVER

of a comprehensive plan for ultimate development of thie
water resources of the busin,  All projects are considered
integral units of a basin plan and as such their economic
feasibility is comprehended by the finding of fuasibility
for the over-all basin plan. To accommodate ultimate
development to the available water supply, those projects
which further investigations show to be the less desirable
will be elininated from the ultimate plan. If some States
tlect to use part of the water to which they are entitled in
out-hasiu or export diversion projects, a corresponding
climination of within-basin projects will be necessary.
The ultimate effect of this selective process undoubtedly
will be an even more favorable showing of econoniic justi-
fication for the over-all basin development.

43. Tt is expected that an allocation of costs as pro-
vided in section 9 of the Reclamation Projert Act of 1939,
and acts amendatory thereof or supplementary thercio,
would result in an equitable and appropriate distribution
of allocable costs among the purposes to be served.

44. Estimates of benefits from irrigation, power pro-
duction, municipal water supplies, and flood centrol are
summarized in the following table. The increase in gross
crop income is taken as the measure of the benefits from
irrigation,  For the purpose of illustration, power bene-
fits arc determined as the gross income from 1he sale of
clectric energy at an assumed rate of four mills a kilowatt-
hour, dclivered at load centers. Returns from the sale of
water for municipal purposes are not subject to a precise
analysis but a gross annual return of $500,000 is assumed
as a muasure of the municipal benefits. Flood contraol
benefits resulting fror the consiruction of numerous dams
and other structures are measured by the decrease in
average annual flood damages along the Colorado River
and its tributaries. These henefits indicate that a basin-
wide plan for full development of the water resources
could return to the Nation $1.30 for each dollar required
to construct, maintain and operate the projects.

Annual benefits
Terigation benetts -

—ee $63, 000, 000

Power benetlts - ... ... e T 000, ()

Floud control benefits.. - 1, 0, (k)

Municipal henefits. oo o oo JCLUREET]

Totil measuruble aunual benetits, ... __ 138, 500, (00
Annual costs

Operution and madinienanee oo _w o 23, 000, ()

Amortizution of vonstruetion eost ($:2,153,4482,000) -
in S Fears it 3 peresnt e &3, 000, (00
Total annual ¢ost8. oove o o 108, 000, (W)

Ratio of bencfits to costs
Ratio of annual benetits to annnal costs___ . oL 1.3:1
Extended Benefits to the 1West and to the Nation

13, The Leneficial effect of complete contral and wil-
iration of waters of the Colorado River would be far-
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reaching. Some benefits are tangible and are subject to
fucasurement in monetary terms with a considerable de-
erce of accuracy while others are less tangible and are not
;uhjcct to accurate measurement. For example, a stable
agriculture and abundant low-cost power together pro-
vide a sound basis for industrial and commercial expan-
sion and thus are important to the region and the Nation
but are not readily susceptible of dollar evaluation,  Still
other values would grow from better control of silt in the
stream channels, from improved conditions for fish and
wildlife, and from the enhancement of recreational facili-
ties. A [ew of these less tangible benefits to the West and
to the Nation are cited in the following paragraphs.

46. In the Colorado River Basin arable land without
water is worth §1 to $5 an acre. Improved and irrigated
it would be worth $75 to $300 an acre. The reclaiming
of 1,500,000 acres would probably add more than one-
quarter billion dollars to taxable values and supplemental
water for 1,100,000 acres would further expand the tax
base from 50 to 100 million dollars. This would pro-
vide increased return to State and local taxing institutions
thus permitting improvements in the various services nec-
essary to the welfare of the people. Increased earnings
would also reflect favorably on income-tax receipts.

47. An increase in gross Lrop income estimated at
$65,000,000 a year at prewar prices would in substantial
measure represent feed for livestock. Conversion of these
ctnps to beef, mutton, hides, wool, poultry, and dairy
products would result in a much higher gross farm in-
come, The increased revenue to the farmers would be
spent in part for domestic and professional services, {or
common and skilled labor, for transportation and utili-
ties, and for processing and packing. The thousands of
farm families and an appreciably greater number who will
provide services for the people will have increased pur-
chasing power for services and commoditics provided
from nearly all parts of the Nation.

48. The availability of an abundance of low-cost elcc-
tric power would stimulate industry in the entire power
market area and, like expanded irrigation, would result
in the creation of new taxable values, new opportunities,
and increased purchasing and consuming power. Elec-
tricity could partially replace the West's diminishing oil
rescrves as a source of fuel and energy in homes, factories,
and railroads. It would stimulate further the extraction
and processing of the Colorado River Basin’s vast mincral
resources including metals, fertilizers, and the coal and
shale which in the not-far-distant future may replace
petroleum as the Nation’s major source of oil and gaso-
line.

4). Increased production of food and fiber on basin
farms would help to meet the increased demands of a
growing Nation. The livestock and kivestack products,
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citrus and other fruits, vegetables, seeds, sorghums and
other agricultural produce from Colorado River Basin
farms as a rule are not produced in this country in suf-

icient quantities to satsfy dumestic needs. Foods pro-

duced in the basin are predominantly of a variety needed
to improve the national diet as.d assure good health. The
crops ‘are supplemental to, rather than competitive with,
crops produced on agricultwal lands of other sections of
the country. Full development of the water resources of
the Colorado River will actually increase the demand for
the products of farms in the great midwestern and south-
ern farm belts,

30. Reservoirs will add scenic beauty and have recrea-
tional value. They will become the habitat of fish and

- wildlife. By affording control of stream flows they can

be operated to improve fishing in the Colorado River and
its numerous tributaries. Improved roads constructed to
remote reservoirs, power plants, or tunnel portals will
make accessible great scenic wonders, fishing spots, and
hunting areas not now reached by modern travel.

531. Construction of the many projects would provide
widespread employment. Less than half of the amount
spent for labor would go to workers at project sites and the
remainder to workers at producing centers, principally
east of the irrigation States. As the projects are placed
in operation many thousands of people will find empl.y -
ment opportunities in agriculture, industry, and the nu-
merous associated and dependent enterprises that will be
expanded or created as a result of these developments.

52, The Nation will more nearly approach economic
self-sufficiency in the production of food and in the mining
and processing of minerals. Vast facilities for increasing
the national strength with food, power, industry, and
niineral development, constructed in times when labor
and materials are abundant, will stand ready to produce
with a minimum expenditure of effort in time of war.

Reimbursement and Flood Control 4llocation

53. The total estimated construction cost of all the
potential within-basin projects outlined in this report is
$2,185,442,000, based on January 1940 prices. Cost al-
locations to some benefits of a public character cannot
appropriately be considered repayable by the water users
under reclamation laws. Of the total cost, it is estimated
that an allocation of $25,000,000 may reasonably be made
to flood control. It is further estimated that gross reve-
nues collectible from irrigators, power users, and munic-
ipalitics will amount to $57,500,000 anaually in excess
of costs for operation and maintenance.  The latter sum
could be applied toward repayment of those reimburs-
able costs resulting from the allocations made to the
various bencfits.
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Construction Program

54. Therc is need for procecding at an early date with
the construction of certain of the potential projects. In
areas such as would be served by the Animas-LaPlata,
Hurricane, and Snowflake projects, existing distress result-
ing from the lack of opportunities in irrigated agriculture
_ should be relicved as promptly as practicable. The power
markets of southern California and southern Arizona will
shortly require the construction of a major hydroclectric
development on the lower river; similarly, the load growth
in Utah and western Colorado will require construction
of power developments in the upper basin. An existing
economy in the Salt and Gila River Valleys in central
Arizona is threatened with serious losses through overdraft
of its water supply from underground sources. Key de-
velopments necessary in many instances before lesser de-
velopments can procecd, should be constructed at an early
date in order that those dependent projects may follow
in logical order and basin-wide development be under-
taken in stages. ;

55. To activate a construction program, it is suggested
that the affected States decide from among the known
* putentialities which projects they desire to have the Bu-
rean of Reclamation consider for construction and that
such projects as are selected for construction comprise the
next stage of development, The economic feasibility of
the group of projects included in this next stage of devel-
opment would be comprehended in the finding of feasi-
- bility for the over-all ultimate development of the basin,
The group of projects should include those for which
there is an immediate need and for which adequate water
rights cousistent with the Colorado River Compact and
its associated and dependent documents are assured.  As
has been stated, the agencies which have prepared this
report stand ready with their consultative services to assist
the States in this sclective process.  When the next stage
of development has been decided upon, it may be pre-
sented to the Congress a5 a program for autherization of
construction.

Related Investigations

56. Various Federal agencies having an interest in
development of resourees in the basin have colluborated
in the pripoiadon of this report. These agencies have
conperated 1o the extent of funds and personnel available,
and their specific comments are found in chapter VI
of the substantiating malterial attached,

57. The Genlogical Survey has furnished basic data
on stream flow, ground-water supplies, qu.lity of water,
waler utilization, minerals, and mapping, In order to
obtain additiona! basie facts related to both surface water
and ground water of the Colorado River Basin, the
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Geological Survey has outlined a 3-year investigational
program estimated to cost about $650,000 a ycar. The
basic water facts obtained by the Geological Survey are
necded for use not only in the design, construction, and
operation of potential projects but also in the planning,
construction, operation, and administration of other struc-
tures, present and futvre, nvolving the use of water in the
basin. Surveys and investigations should be prosecuted
actively so that data secured will be continuous and
represcntative. 4 A

58. The National Park Service has surveyed the recre-
ational possibilities of the potential projects and has made
anumber of specific recommendations which will enhance
their recreational value. The Bureau of Reclamation
concurs in the objectives of these proposals. The Na-
tional Park Service, however, questions the advisability
of the Moab power project on the ground that it “would
inundate the lower slopes and bottom of an unusually
scenic canyon and eliminate the existing road which runs
through the canyon between Moab and Dewey, Utah.”
A road could be constructed along the edge of the reser-
voir, and in all probability this would add to the scenic
attractions of the canyon. Such differences do not rep-
resent conflicts between the purposes of these agencies
both of which desire to secure maximum over-all benefits
for the people of the basin.

59. The T'ish and Wildlife Service has made prelim-
inary studies of the potential projects reported herein and
has made a-number of specific recommendations which
will assure the restoration and conservation of fish and
wildlife resources.  The Bureau of Reclamation concurs
in principle with these recommendations. Owing to very
limited stream flows which prevail during dry years, how-
ever, it would be impracticable to maintain the minimum
releases of water which are desired.  As detailed project
plans are prepared, the interest of the Fish and Wildlife
Scrvice can be corrclated into a unified program. In
erder to provide the increased fish stocking required for
the new reservoirs the Fish and Wildlife Service should
develop and expand its present facilities at Springvilie,
Utah, construct a new combination trout-bass fisheries
station near Page Springs in Oak Creck Canyon, about
40 miles south of Flagstaff, Ariz., and supplement the
facilities of this new hatchery by further developing the
Williams Stavien for necessary incubation ef trout eggs,
as recommended in its report.

60. The Grazing Service has outlined the objectives of
its range improvement program and the benefits that will
result frum potential projects in stabilization of the live-
stock industry and conservation of natnral resources. Re
sults of the proposed Redlamation program in the Colo-
rado River Basin will be favorable from a Grazing Scrvice
viewpoint.

61. The Burcau of Mines has probed the minerals of
the basin to discover how they might best be mined, proc-
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esed, aid utilized to support the wetatlurgical and in-
dstrial economy dist i envisioned.  “The mineral in-
dustrics in the Colorado River Basin constitute one of the
most obvious outlets for power generated at multiple-
purpose dams.”

62. The Office of Indian Affairs has outlined projects
that will benefit the Indians of the basin,

63. The General Land Office, which administers about
6 million acres of public land in the Colorado River Basin,
has cutlined a program to obtain optimum use of these
public lands and to coordiate their utilization with the
development of water resources. -

vt. The Forest Service has emphasized the need for

careful management of water on the national forest lands

to insure adequate safeguarding of the water vields.

63. The Federal Power Commission has furnished data
upon which power utilization and market trends are based
and has commented generally on the power resources of
the basin.

066. The inierest and cooperation of State and local
groups, as well as other Federal agencies in the basin, are
reflected throughout the report. ’

Conclusions
67. Future develepment of the water resources of the

Colorado River Basin is needed to relieve economic dis-
“uress in loval areas, to stabilize highly developed agricul-

tural areas, and to create opportunities for agricultural

and industrial growth and expansion throughout the Colo-
rado River Basin.  Such devclopment should be compre-
hended in a basin-wide plan for ultimate development
of all water resources of the basin,  The potential projects
outlined in this report will form the basis for future de-
tailed investigations and the sclection and construction of
sound projects. Considered as a group, these projects are
an index of the over-all results and benefits to be expected
frem the development and utilization of all the available
waters of the Colorado River system.  They indicate also
the engineering feasibility and economic justification of an
over-all plan for basin development.  Planning has prog-
ressed suificiently to make possible a selection from among
the potentialities of a group of projects to comprise a con-
struction program for the next stage of basin development.
These projects should be key features of or should fit into
the final comprehensive plan to be developed through con-
tinued investigations and planning.

63. There is not enough water availuble in the Colorado
R i\'.er system for full expansion of existing and authorized
projects and fur all potential projects ontlined in the re-
port. including the new possibilities for exporting water to
adjacent watersheds. The need for a determination of the
rights of the respective States to deplete the flow of the
Colorado River consistent with the Colorado River Com-
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pact and its associated documents therefore is most
pressing. :

69. It is concluded that future development of the
water resources of the Colorado River Basin would benefit
the National and local economies and a plan for develop-
ment of all the water resources of the basin should there-
fore be eflectuated, that the selection of a group of projects
comprising the next stage of development would represent
a logical step in effecting that plan, and that detailed in-
vestigations to develop the succeeding stages should be
continued.

Recommendations

70. The following recommendations are made in view

. of the fact that there is not enough water available in the

Colorado River system to permit construction of all the
potential projects outlined in the report and for full ex-
pansion of existing and authorized projects, and that there
has not been a final determination of the respective rights
of the Colorado River Basin States to deplete the flow of
the Colorado River:

(1) That the States of the Colorado River Basin,
acting separately or jointly, recommend for construc-
tion, as the next stage of development, a group of proj-
ects, the stream-flow depletions of which will assuredly
fall within ultimate allocations of Celorado River water
which may be made to the individual States.

(2) That the States of the Colorado River Basin de-
termine their respective rights to deplete the flow of
the Colorado River consistent with the Colorado River
Compact.

{3) That additional investigations, summarized be-
low, and appropriaticns to the Department of the In-
terior for use by the various agencies within that De-
partment for these investigations, be approved.

{(a) The Bureau of Reclamation to continue and
expand its detailed investigations of potential projects
within the States of the Colurado River Basin to obtain
adequate information by which the Department of the
Interior.in cooperation with the basin States can for-
mulate a comprehensive plan for use of all the water re-
sources of the basin and sciect and recommend projects
for successive stages of development.

(&) The Geological Survey, National Park Service,
Fish and Wildlife Service, Grazing Service, Bureau of
Mines, Office of Tndian Affairs, and General Land
Office to initiate or continue to conduct such investiga-
tions and studies as required by the Secretary of the
Interior to formulate and carry out the comprehensive

plan. E. A. Mort7,

Regional Director, Region I11.
E. O. Larsox,
Regionul Director, Region 11



Substantiating
Material

“Yesterday the Colorado River was a naiural men-
ace. . . .

“Today this mighty river 15 recognized as a nationgl
3 &
resource. . . .

“Tomorrow the Colorado River will be utilized to tie
very drop. Its waler will convert thousands of addi-
tional acres of sagebrush desert to ﬁouﬁslzing Jarmns and
beautiful homes for servicemen, industrial workers, and

native farmers who seek to build permanently in the
West.”
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‘Foreword

Yesterday the Colorado River was a natural menace.
Unharnessed it tore through deserts, flooded fields, and
ravaged villages. It drained the water from the moun-
tains and plains, rushed it through sun-baked thirsty
lands, and dumped it into the Pacific Ocean-—a treasure
lost forever. Man was on the defensive. He sat help-
lessly by to watch the Colorado River waste itself, or at-
tempted in vain to halt its destruction. EN

Today this mighty river is recognized as a national re-
source. Itis a life giver, a power producer, a great con-
stroctive  force.  Although  only partly harnessed
by Boulder Dam and other ingenious structures, the Col-
orado River is doing a gigantic job. Its water is provid-
ing opportunitics for many new homes and for the grow-
ing of crops that help to feed this nation and the world.
Its power is lighting homes and cities and turning the
wheels of industry. Its destructive floods are being re-
duced. Its muddy waters are being cleared for irrigation
and other uses, o

Tomorrow the Colorado River will be utilized to the
very last drop.  Iis water will convert thousands of addi-
tional acres of sagebrush desert to flourishing farms and
beautiful homes for servicemen, industrial workers, and
native farmers who seek to build permanently in the West.
Its terrifying energy will be harnessed completely to do an
even bigger job in building bulwarks for peace. Here is
a jub so great in its possibilities that only a nation of
frec people have the vision to know that it can be
done and that it must be done. The Colorado River
is their heritage,

In 1902, Congress established a fund, “known as the
Reclamation Fund, to be used in the examination and
survey for and the construction and maintenance of irriga-
tion works for the storage, diversion, and development of
waters for the reclamation of arid and semiarid lands in
the”” public-land States, and authorized and directed the
Seeretary of the Interior “to make examinations and sur-
veys for, and to locate and construct * * * irriga.
tion works for the storage, diversion, and development of
waters, including artesian wells, and to report to Congress
at the heginning of each regular session as to the results of
such examinations and surveys, giving estimates of the cost

T09315—46——3

of all contemplated works, the quantity and location of the
lands which can be irrigated therefrom, and all facts rela-
tive to the practicability of each irrigation project; also

_the cost of works in process of construction as well as of

those which have been completed.” (Act of June 17,
1902, 32 Stat. 388.)

Responsibility for planning the control. improvement,
and utilization of the Colorado River was assigned spe-
cifically to the Secretary of the Interior in the Boulder
Canyon Project Act of December 21, 1928, which author-
ized and directed the Secretary “to make investigations
and public reports of the feasibility of projects for irriga-
tion, generation of electric power, and other purposes in
the States of Arizona, Nevada, Colorado, New Mexico,
Utali, and Wyoming for the purpose of making such infor-
mation available to said States and to the Congress, and of
formulating a comprehensive scheme of control and the
improvement and utilization of the water of the Colorado
River and its tributaries.”  (Sec. 15, 45 Stat. 1065.)

The Boulder Canyon Project Adjustment Act of July
19, 1940, further directs the continuation and extension,
under the Secretary of the Interior, “of studies and in-
vestigations by the Bureau of Reclamation for the formu-
lation of a comprehensive plan for the utilization of
waters of the Colorado River system for irrigation, elec-
trical power, and other purposes, in the States of the
upper division and the States of the lower division, in-
cluding studies of quantity and quality of water and all
other relevant factors.”  (Sec. 2,54 Stat. 774.)

In compliance with the law and in fulfillment of the
public trust the Bureau of Reclamation sponsorec} the
preparation of this report.  With a view to d:ctmmmng
how the people in the basin and in the Nation can be
benefited by further development of water resources, the
report surveys the resources and traces the economic de-
velopment in the basin. It includes a discussion of pres-
ent water resources developinent and descriptions of many
potential projects. These projects indicate potentialities
for ultimate development of all the water resources of the
basin, Alternative projects are included in order that
relative merits of all possibilties can be weighed, and
those projects most likely to yield the greatest good to the

’ 5
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greatest number of people can be selected for construction.
All beneficial uses, including the irrigation of land, the
production of hydroclectric power for the development
of mineral resources and other industrial purposes, the
furnishing of domestic and municipal water supplies, the
preservation of fish and wildlife, and the enhancement
of recreational areas, together with the control of floods
and silt, and the restoration of ground-water levels were
taken into account in formulating the potential projects.
This comprehensive report provides a basin-wide per-
spective for planning coordinated devclopment on a
" sound basis, From time to time as additional detailed
investigations of particular projects are completed and
as various intrastate, interstate, and international prob-
lems are solved, modifications and changes will be indi-
cated to assist in the selection of projects and the shaping
of the ultimate develepment plan, Intrastate and inger-
state problems, to be solved by the citizens and States of
the Colorado River Basin, and international problems,
to be solved by the United States and Mexico, are inter-
related, the solutions of some being dependent on the
previous solutions of others and on additional investiga-
tions and construction in the basin. Such problems are
being and will be solved in an orderly manner as needs
arise. Further investigations and construction in the

basin will be undertaken as authorization is given and .

appropriations made by the Congress.

Although the water supply available for potential proj-
ects for exportation of water outside the natural basin of
the Colorado River is discussed in this report, no attempt
is made to evaluate the costs or benefits of such projects.
They will be evaluated separately or in connection with
basin reports of importing watersheds,

In the preparation of this report various agencies of
the Department of the Interior that are involved in the
development of the Colorado River Basin cooperated
with the Bureau of Reclamation to assure that coopera-
tive planning for water development would be keyed to
the welfare of the people of the basin. Their cooperation
is reflected throughout the report and their specific con-
tributions included in chapter VIII entitled “Cooper-
ating Interests in the Basin.”  The Bureau of Reclamation
is the agency of the Department of the Interior authorized
to plan, construct, and operate projects for the
reclamation of arid land, the production of hydroclectric
power, and other beneficial purposes through the devel-
opment of water resources.  The Geological Survey has
supplied valuable information on water supply, clasifi-
cation of mineral lands, mineral resources, and mapping.
The National Park Service, concerned primarily with the
preservation of parks and arcas of historic and scenic in-
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terest for enjoyment of the American people, has indi-
cated and evaluated possible benefits of the potential
projects to recreation.  The Fish and Wildlife Service has
jurisdiction over Federal game refuges and is the Federal
custodian of the fish and wildlife resources in the basin.
The Grazing Service, administering the Federal grazing
lands in the basin, is protecting watersheds from over-
grazing, crosion, and other abuses, and is interested not
only in securing adequate water supplies for stock but in
the production of more irrigated crops to supplement
range forage. The Bureau of Mines is engaged in the
exploration and development of mineral resources and
has a vital interest not only in flowing streams as a source
of water necessary for mining, milling, and extracting
metals or minerals from ores but in the availability of
low-cost hydroelectric power for further development of
mineral resources.  Guarding the interests of the Indians
in the basin is the Office of Indian Affairs which manages
all Indian matters, including economic development, for-
estry and grazing, irrigation, education, and other activ-
ities. The General Land Office, which has jurisdiction
over unappropriated and unreserved public domain, has
outlined a program for the Colorado River Basin that
consists largely of land classification, cadastral survevs,
and investigation of mineral claims.

Other Federal agencies that have an interest in devel-
opment of the basin also have made substantial contri-
butions which are included as a part of chapter VIIL
The Federal Power Commission has assisted in the study
of power resources of the Colorado River Basin.  Close
cooperation with the Forest Service of the United States
Department of Agriculture is important because increased
irrigation development will require intensified watershed
management on the National forest lands to insure ade-
quate safeguarding of their water crop. The Corps of
Engincers, United States Army, has submitted plans and
suggestions for some flood-control projects, such informa-
tion being included in the supporting data for the report.

Throughout the preparation of this report the Bureau
of Reclamation cooperated with the various States and
local agencies concerned with development in the basin,
A tentative dralt of the report was submitted to the Com-
mittees of 14 and 16, which committees represent the
Colorado River Basin States and the Boulder Dam Power
allottees, for their review and suggestions for revisions.
Financial asistance has also been received from the
States.

Eicven maps showing water resources development in
each of the seven Colorado River Basin States, existing
and potential power developments, conscrvation arcas
and facilities, and mineral resources are an appendix to
this report. .
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Following is a list of terms that appear in the report, and their definitions:

Dirigable land~—Land suitable for irrigated farming
inJJuded within an existing project or within a potential
development that reasonably could be furnished a water
Suppiv. .

New Jands—Trrigable lands which could be irrigated
afier preject development,

Siream fow~—The flow in a stream channel. The
volume of flow is measured in acre-feet. The rate of
ifow is measured in second-feet.

Acre-foot—A unit of measure of volume. It is equiv-
alent to the quantity of water that will cover 1 acre
{43,560 square feet} 1 foot deep.

Second-foot.—A unit of measure of the rate of stream
fivw. It is the flow of 1 cubic foot (7.48 gallons) of
waler passing a given point per second of time.

Discharge—The rate of flow; commonly expressed in
second-feet, gallons per minute, acre-feet per day, etc.

Run-of —The precipitation that appears as flow in
streams. It is usually measured in volume per unit of
time, such as acre-feet per day, month, or year,

Return flow—That part of diverted stream flow re-
turning to the stream.

Stream depletion—The reduction in stream flow due

to man-made improvements as they affect the virgin
water supply of the Colorado River at Lee Ferry and at
the International Boundary.

Silt—The solid matter or sediment transported by a
flowing stream.

dActize storage capacity—~That space in the upper
part of a reservoir normally utilized in regulating stream
flow for purposes of irrigation, power, flood control, etc.
Somectimes referred to as live storage.

Inactive storage capacity.—That space in the lower
part of a reservoir not emptied in normal operation. It
may be provided for a sedimentation pocket, to develop
and maintain a power head, to establish a permanent
lake for fish culture, recreation, etc. Sometimes referred
10 as dead storage.

Firm power —Power that can be made available at any
time to meet load demands. Production of firm power by
hydroelectric plants is Jimited by water supply during
years of low stream flow.

" Kilowatt.—A unit of measure of rate of producing
electrical energy.

Kilowatt-hour.—A unit of measure of quantity of elec-
trical energy.
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Natural
Setting

“The Colorado River rises high in the snow-capped
Rocky Mountains of north central Colorado, flows nearly
" 1,400 milés southaest, and empties into the Gulf of
California in Mexico far to the south. .. . This mighty
river has gouged the rock of the mesas into gorges and
chasms, most spectacular of which is the world-famous
Grand Canyon in Arizona. . . .

“The Colorado River drains a vast area of 244000
square miles, 242,000 square miles in this country—
one-twelfth of the area of continental United States—
and 2,000 square miles in northern Mexico. Tribu-
taries extend into seven of the large Western States, in-
cluding Arizona, California, Colorado, Nevada, New
Mexico, Utah, and Wyoming.”



CHAPTER 1

The Natural Setting

The Colorado River rises high in the snow-capped
Rocky Mountains of north central Colorado, flows nearly
1,400 miles southwest, and empties into the Gulf of Cali-
fornia in Mexico far to the south. It is the second longest
river in the United States outside the Mississippi River
svstem, This mighty river has gouged the rock of the
mesas into gorges and chasms, most spectacular of which
is the world-famous Grand Canyon in Arizona, a titanic
cleft over 200 miles long, as much as 12 miles wide, and a
mile deep. ‘

The Colorado River drains a vast area of 244,000
square miles, 242,000 square miles in this country—one-
twelfth of the area of Continental United States-—and
2,000 square miles in northern Mexico. The basin from
Wyoming to below the Mexican border is some 900 miles
long and varies in width from about 300 miles in the
upper section to 500 miles in the lower section, It is
bounded on the north and east by the Continental Divide
in the Rocky Mountains, on the west by the Wasatch
Range, and on the southwest by the San Jacinto Moun-
tains, a range of the Sierra Nevada. Tributaries extend
into seven of the large Western States including Arizona,
California, Colorado, Nevada, New Mexico, Utah, and
Wyoming.

The Salton Sea Basin, an additional area of 7,800
square miles which includes the Coachella and Imperial
Valleys in southeastern California, is discussed as part of
the Lower Colorado River Basin. It is, however, to be
distinguished from other lower Colorado River-areas he-
cause whatever Colorado River water reaches it cannot
return by gravity flow to the parent stream.

Physical Characteristics

The upper or northern portion of the Colorado River
Basin in Wyoming and Colorado is a mountainous pla-
teau, 5,000 to 8,000 feet in altitude, marked by broad
rolling valleys, deep canyons, and intersecting mountain
ranges. Hundreds of peaks in these mountain chains
nise to more than 13,000 feet above sea level and many
cx'ceed 14,000 fect. There are many picturesque moun-
tain lakes in these headwater sections. The southern por-

tion of the basin is studded with rugged mountain peaks
interspersed with broad, level, alluvial valleys and rolling
plateaus.

The main stream and its principal tributaries in Colo-

" rado flow, for the most part, in deep canyons. The

Green River, primary tributary of the Colorado River,
flows in similar canyons in Wyoming, Colorado, and
Utah and its chief tributaries, Yampa and White Rivers
from the east, and Duchesne, Price, and San Rafael
Rivers from the west, flow through rolling hills and
canyons to reach the Green. :

The San Juan River, a large tributary of the Colorado
River from the east, drains mountain slopes and plateaus
in southwestern Colorado, northwestern New Mexico,

_and northern Arizona and flows through a formidable

canyon in southeastern Utah, joining the Colorado in
Glen Canyon. The Glen Canyon section of the main
stream and tributaries thereto are in deep canyons, drain-
ing a series of plateaus and mesas.

Below Glen Canyon is the awesome Grand Canyon
where the Colorado has carved an unparalleled chasm.
This canyon yawns above an inner gorge, rising in gi-
gantic cliff-steps to the Colorado platcau, a mile above
the stream bed. This great central plateau is a rolling
expanse of brightly hued crags and cliffs, huge canyons,
painted deserts, and extensive almost inaccessible barren
arcas, Elevations on the mesas of the plateau section
generally range from 4,000 to 6,000 feet. 'The principal
tributaries in this section are the Little Colorado River on
the east and the Virgin River on the west.

Emerging from the canyon country at the southeast’
corner of Nevada, the Colorado River courses through
broad valleys bordered by mesas. The Gila River, mfxin
tributary in this section, riscs in the mountainous region
of southwestern New Mexico and drains most of southern
Arizona. )

Southwest of the Gila Basin the Colorado River con-
tinues through its great delta area to the Gulf of
California. Lo

Physical characteristics suggest seven main divisions of
the Colorado River Basin in the United States, three in
the upper basin, or the drainage area above Lee F:cny,
Arizona, and four in the lower basin, or the drainage

3
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The Colorado meanders hundreds of miles through deep canyons in Utah and Arizona
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COLORADO RIVER BASIN
Divisions of upper and lower basins
arca downstream from Lee ferry to the Mexican border. River and Lee Ferry. The Little Colorado division in-

The Green dizision includes that part of Wyoming, Colo- cludes that part of Arizona and New Mexico drained by
rado, and Utah drained by the Green River. The the Little Colorado River, excluding that part below
Grand division is that part of Colorado and Utah drained Moenkopi Wash. The Virgin division covers that part
by the Colorado River above the mouth of Green River. of Utah, Arizona, and Nevada drained by Kanab Cr_ec!:
The San Juan division takes in that part of Utah, Colo- and the Virgin and Muddy Rivers. The Boulder dits-
rado, New Mexico, and Arizona drained by that section sion includes the Imperial and Coachella Valleys in
of the Colorado River between the mouth of the Green’ southeastern California and that part of Arizona, Nevada,
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and California tributary to the Colorado River below
‘Lee Ferry, excluding that part of those States tributary to
the Little Colorado River above Moenkopi Wash, Kanab
Creek, Virgin River, Muddy River, and the Gila River
above Sentinel. The.Gila division comprises that part
of Arizona and New Mexico drained by the Gila River
above Sentinel and small independent drainage areas in
Arizona and southwestern New Mexico.

For convenience in presenting some of the data and
information in this report, reference is made to these seven
divisions, detailed descriptions of which follow.

GreeN Dvision

From glacier-capped peaks on its Rocky Mountain rim
to the barren wastes of its lower valleys and plateaus, the

Green River Basin is one of great contrasts in topography.

Wooded upland slopes are flanked with fertile grass-cov-
ered valleys, which in turn give way to dry and eroded
badlands and deserts.

Rising in western Wyoming in the Wind River Moun-
tains on the Continental Divide, the Green River also

drains the northwest corner of Colorado and discharges
" into the Colorado River in southeastern Utah, 350 miles
south of its origin, its meandering length totaling 730
miles. It drains 45,000 square miles, an arca as large
as the State of Pennsylvania, 39 percent of which is in
Wyoming, 37 percent in Utah, and 24 percent in Colo-
rado, Elevations in the Green River Basin range from

3,876 feet above sea level at the mouth of the Green

River to 13,785 fect at Gannet Peak in the Wind River
Mountains, Large areas of descrt plateau contribute
practically no water to the stream. Numerous small gla-
cial lakes head the Green River and its higher tributaries,
The Yampa and White Rivers, tributaries from the east,
both originating in Colorado on the western slope of the
Rocky Mountains, flow westward and generally parallel.
. Much of the drainage arca consists of rolling hills, but
several prominent peaks rise within and betwcen the
basins of the two streams.
Duchesne, Price, and San Rafac] Rivers, tributaries
from the west, head on the eastern slope of the Wasatch
Mountains and flow southeast to Green River.

Granp Dvision

The Colorado River above the mouth of the Green
River was known 1o earlicr generations as the Grand
River. For that reason the area dvained by the upper
Colorado River is called the Grand division. A 200-mile
strip of the Continental Divide through central Colorado
forms the eastern boundary of the division, which in-
cudes the basin of the upper Colorado River and its
tributaries down to the junction of the Colorado and
Green Rivers in Utah,
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The Colorado River rises among lofty peaks in the
northwest portion of Rocky Mountain National Park, 70
miles northwest of Denver.  Flowing southwest to Green
River, it has an air-line length of 265 miles and a mean-
dering length of 420 miles. It drains 26,500 square miles
an area larger than West Virginia. Only 11 percent or
4,300 square miles of the area are in Utah while 22,200
square miles are in Colorado. Elevations range from
3,876 feet above sea level at Green River to more than
14,000 feet at mountain peaks. On this western slepe of
the Continental Divide are rugged mountains and high
plateaus where the river and jts numerous tributaries have
become deeply entrenched in steep rugged canyons and
relatively narrow valleys. '

Main tributaries in the first 160-mile length of the
Colorado River’s southwest course, above Grand Junc-
tion, are Fraser, Williams, Blue, Eagle, and Roaring Fork
Rivers from the south and Willow, Troublesome, and
Muddy Creeks from the north. Gore Canyon, 80 miles
above Glenwood Springs, is of special interest. Here the
river tumblcs through vertically walled canyons, dropping
360 feet in 5 miles in the steepest fall on the river.

Gunnison River, principal tributary of the upper Colo-
rado River, has its headwaters draining the Continental
Divide, and flows northwest to mect its parent stream at
Grand Junction. North Fork and Uncompahgre River
are the largest tributaries of the Gunnison.

Dolores River, rising on the western slope of the San
Juan Mountains, flows generally southwest and is joined
by the San Miguel River and other lesser tributaries be-
fore flowing alternately through canyons and narrow
valleys to the Colorado River in Utah.

Sax Juaxn Dvision

This area is rich in prehistoric Indian ruins, in natural
wonders, and in spectacular scenic beauty. The area,
with an clevation difference of more than 2 miles be-
tween the lowest and highest points, is one of extreme
contrasts in topography. High tree-clad mountain areas
with numerous clear, fish-stocked streams and small lakes
rapidly give way to fertile foothill valleys, which merge
into a vast, broken and barren, but picturesque and
highly colared, plateau.

Deeply entrenched in tiis plateau the Colorado River
meanders southwestward for 220 miles from the mouth
of the Green River to Lee Ferry, an air-line distance of
130 miles. This section of the river, together with its
tributarics, drains 39,000 square miles, an area almost as
large as Ohio. Forty-three percent of this area is in Utah,
25 percent in New Mexico, 17 percent in Arizona, and
15 percent in Colorado.

The main tributary to this stretch of the Colorado River
is the San Juan River. Second largest tributary of the
Colorado, the San Juan River heads on the western slope
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BLACK CANYON OF THE GUNNISON RIVER
The river has cut through crystalline rock to a depth of 3,000 feet



36

of the Continental Divide in southwestern Colorado and
_ flows west, entering the main stream from the east 80
-miles upstream from Lee Ferry,

Three small rivers, Fremont, Escalante, and Paria, ris-
ing on the Wasatch and Escalante mountainous plateaus,
join the Colorado from the west, The streams in this
division are erratic with violent fluctuations of flow in
their lower reaches.  In the deep canyons cut through the
plateau areas these streams turn into raging silt-laden tor-
rents during periods of heavy or continued downpours.

Lrrree CoLorano Division

A region of spectacular beauty with a wealth of scenic
splendor, the Little Colorado division embraces an area
of 25,000 square miles, 81 percent of which is in north-
eastern Arizona and the remainder in west-central New
Mexico. Barren siretches of arid wasteland, petrified
forests, painted deserts, rolling ranges, stately timber, and
lofty mountains characterize the area,

The Little Colorado River rises among the evergreen
forests of the White Mountains at elevations above 9,000
feet, flows through canyons that widen at intervals into
valleys, enters a generally broad, sandy channel with low,
steep, side walls, then cascades into a deep rock canyon
and continues to the Colorado,

Northern tributaries'of the river head in canyons in the
Kaibab and Fort Defiance Plateaus and Black Mesa. As
they approach the main valley floor, the channels widen
to broad, flat sandy washes with low vertical side walls.
Creeks draining the southern.part of the basin rise as
crystal mountain streams in the wooded highlands of the
Mogollon Rim and flow through steep-walled canyons in
their lower rcaches.

South and west of the river the basin is dominated by
the Mogollon Rim and the volcanic features of the peaks
and cones ncar Flagstafl. Most of this area is a gendy
sloping plain with a few prominences and canvons to
break the continuity,

North and cast of the river at higher elevauons lie for-
ested plateaus, isolated mountains, mesas, and sloping
plains broken by volcanic plugs. Painted deserts and bad-
lands predominate in the lowcr altitudes,

Llevations in the basin range from 4,100 fect above sea
level below Moenkopi Wash to 12,611 fect on the lofty
San Francisco Peuks.

Virein Division

Virgin—new, fresh, untouched—a significant name
aptly applicd by the early explorers. It is an area beau-
tificd by the forces of nature and only slightly touched by
man. This typical mountain-desert country with its
charicteristic stretches of sand and sagebrush, its cloud-
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less sky and scorching sun, is the center of volcanic
eruptions and geologic displacements.

The Virgin division totals approxxmately 12,700
square miles, of which 3,600 square miles are in south-
western Utah, 3,600 square miles in northwestern Ari-
zona, and 5,500 square miles in southeastern Nevada,
Elevations range from 1,200 feet above sea level at Lake
Mead to 10,000 feet at the headwaters of the Virgin
River.

The terrain is extremely rough and broken. The dom-
inating structural feature is the Hurricane Fault escarp-
ment which marks the western boundary of the high
platcau region. From a point near Beaver, Ut
it extends south for a distance of some 200 miles, crossez
through the Virgin River Basin at Hurricane, Utah, and
extends beyond the Colorado River. Deep gorges and
rugged, massive erosional forms make up the striking and
colorful attractions of Zion National Park and Monu-
ment located in the area. Comparatively recent lava

flows and volcanic cones are salient features in parts of

the division.

Kanab Creek heads in the Pink Cliffs along the south-
western rim of the Paunsaugunt Plateau in Utah at an
clevation of 9,000 feet and flows 90 miles south to the
lower end of Grand Canyon, where it joins the Colorado
at elevation 1,880 feet. Johnson Creek, its principal trib-
utary, heads in the same locality and roughly parallels
Kanab Creek until it enters Arizona, where it turns south-
west to join the main stream 5 miles southwest of Fre-
donia, Ariz. Above Kanab, Utah, the drainage area is
rough and hilly and is covered with sagebrush and juni-
pers.  Streams are confined to narrow valleys and gorges.
Below the confluence of the two creeks the stream plunges
into the Colorado River through a deepening gorge cut
into the north-sloping Kaibab and Uinkarat Plateaus.

Virgin River, heading along the southern rim of the
Markagunt Plateau in Utah, flows across the southwest
corner of Utah, crosses the nosthwest corner of Arizona,
and discharges into Lake Mead in southeastern Nevada.
The length of the river from its headwaters to its mouth
is about 200 miles. Perennial tributaries, of which the
Santa Clara River is the most important, head in the high
plateaus and mountains to the north and flow south to the

main strcam.  The river and main tributaries generaliy
are confined in deep gorges or narrow valleys, Bench or
mesa fands fringe the main stream and tributaries in shme
places.

Muddy River, originating in the Sheep Mountains,
flows southeast for some 60 miles to enter Lake Mead near
the setdement of Overton, Nev, Prior to the formation of
Lake Mead by construction of Boulder Dam, Muddy
River was tributary to Virgin River about 25 miles up-
stream from the confluence of Virgin and Colorado Riv-
ers.  Now, hewever, the two streamns flow separately into
Lake Mead. Mcadow Valley Wash, the principal Muddy
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GOOSENECKS OF THE SAN JUAN
4 favorable site for a dam has been found on San Juan River below Bluff, Utah

LONG-RANGE VIEW OF GRAND CANYON
This panorama was photographed from Navajo Watch Tower
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River tributary, flows from its headwaters south about
130 miles to its confluence with Muddy River near
Moapa, Nev.

BouLpEr Division

The Colorado River enters the northeast corner of the
Boulder division at Lee Ferry, weaves its way west and
south for 350 river miles to empty into Lake Mead, then
flows south 358 miles to the Mexican border, The di-
vision embraces an arca of 48,600 square miles, including
the Salton Sea drainage basin of 7,800 square miles. Of
this area 32,900 square miles are in Arizona, 11,300
square miles in California, and 4,400 squarc milcs in Ne-
vada. Throughout the division great blocks of land have
been lifted, forming plateaus and mountainous ridges.
Other blocks have been depressed, forming valleys which
later filled with material washed from the elevated areas.
Elevations range from below sea level to more than 12,-
000 feet above sea level,

For the upper 280 miles, from Lee Ferry to Grand
Wash Cliffs, the Colorado has cut through an elevated
area. As the plateau rose slowly during geologic time, the
river wore its course progressively deeper through the
rock, forming Grand Canyon, a region of scenic grandeur.
The most impressively beautiful part of this canyon is the
105-mile stretch sét aside as Grand Canyon National
Park.

Grand Wash Cliffs at the west end of Grand Canyon
is one of the major escarpments in the United States.
Here the plateau drops abruptly and is succeeded by al-
ternating mauntains and valley fills to the upstream end
of Black Canyon. Through this stretch the Colorado
dug its channel across the Virgin and Black Mountain
ranges on a grade of 3.2 fect a mile, compared with 8 feet
amile in Grand Canvon. The narrowness and depth of
Black Canyon afforded a favorable site for a high dam.
Upstream from Black Canyon the river channcl together
with the Virgin River and Las Vegas Wash side valleys
formed an ample basin for water storage and silt deten-
tion. The upstream end of Black Canyon was the sie
chosen for Boulder Dam,

Williams River, a flashy discharge tributary of the Colo-
rado, comes in on a steep grade from the east just above
Parker Dam, falling 500 feet in 32 miles, This strcam
is formed by two branches coming together some 36 miles
above the mouth, the north branch, Big Sandy River, and
the cast branch, Santa Maria River.

From Headgate Rork to the Mexican border, the Colo-

rado River fulls an average of 1.4 fect a mile. The flood

plain is several miles wide near Parker, Ariz., Blythe,
Calif., and Yuma, Ariz. Bench lands, as those near Blythe
and Yuma, are at moderate elevations (500 feet or Jess)
above the Colorado River,
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Across a range of sand hills west of Yuma is the Salton
Sea Basin, a depression below sea level about 85 miles

~ long and 20 miles wide. In the deepest part is the Salton

Sca, 20 miles long and 10 miles wide. The surface of the
sca is 241 feet below sea level. The Imperial Valley is
considered as the delta sloping from the Colorado north
to the Salton Sea.  Coachella Valley lands slope south to
the Salton Sca.  The Imperial and Coachella Valleys are
in large part alluvial deposits from the Colorado River.
On the east, west, and north, however, the river deposits
are overlaid on the edges of the valleys by coarscr detrital
material washed from surrounding mountains.

Gila River, the lower reaches of which are in this di-
vision, enters the Colorado River just east of Yuma,

GiLa Division

Broad, smooth valleys, mountain chains, desert wastes,

_ flowing water—this is the Gila division, 2 land of extremes

and contrasts. It covers an area of 53,000 square miles,
47,380 of which are in south-central Arizona, and 5,620
square miles in western New Mexico.  Run-off from the
high mountains of eastern Arizona and western New Mex-
ico forms the perennial flows of the Gila River and its
tributaries, No lakes of any appreciable size are found
in the basin. Elevations range from 530 feet at Sentinel
to 12,600 feet at Humphrey’s Peak in the San Francisco
Mountains, near Flagstaff, Ariz.

Gila River flows for half of its course in steep, precipi-
tous tanyons alternating with relatively flat valleys. Both
canyons and valleys are flanked by mountain ranges ris-
ing 7,000 to 10,000 fect above sea level.

San Francisco River, most important tributary of the
Gila River before its confluence with Salt River, drains
mountainous regions of southwestern New Mexico and
southeastern Arizona.

San Pedro River rises in Sonora, Mexico, and flows
north to join the Gila River some 20 miles below Coolidge
Dam. Although most of its course is in open valleys,
its tributaries drain several small but high mountain
ranges.

Santa Cruz River, heading in the Patagonia and
Huachuca Mountains of southern Arizona, flows into
Sonora, Mexico, back into Arizona at a point near the
border city of Nogales, und from there northward some
130 miles, spreading over the desert, with only occasional
large flood flows reaching the Gila.

Salt River, largest tributary of the Gila River, is formed
by the junction of Black River and White River, which
rise in the high, timbered White Mountains of east-central
Arizona.  After being joined by Verde River, its prin-
cipal tributary which rises in the northern Arizena pla-
teau, the Salt River flows for 40 miles through fertile,
open plains to the Gila,
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Other tributarics of the Gila include the Agua Fria
River, rising in the timbered Mingus Mountains of cen-
tral Arizona, and the Hassayampa River, heading in
Prescott National Forest near Prescott, Ariz.

Geologic History

Rocks of all ages from those of the Archean Age, the
oldest known geclogical period, to the recent alluvial
deposits, including igneous, sedimentary, and metamor-
phic types, are found in the Celorado River Basin.  The
high Rocky Mountains which dominate the topography

of the region are composed of granite, schists, gneisses,

lava, and sharply-folded sedimentary rocks. Many peri-
aods of deposition and erosion have played a part in the
present structure of these mountains. Ancient seas set-
tled in the basin countless times, depositing beds of lime-
stone, sandstone, and shale. Each time crustal forces
of the earth elevated the region above sea level, erosion
again began cutting it down.

During a relatively late geological period, called the
Pleistocene or Glacial Age, glaciers occupied the high
watershed of all the mountains in Colorado, Wyoming,
and Utah. The Rocky Mountains in Colorado, the
Wind River Mountains in Wyoming, and the Uinta and
Wasatch Mountains in Utah, all have been materially
affected topographically by these ancient bodies of ice.

In contrast to the folded rocks of the mountains which
fringe the basin, the plateau country of southwestern Wy-
oming, eastern Utah, and northern Arizona is composed
principally of horizontal strata of scdimentary rocks.
Many formations of hard sandstone and limestone sepa-
rated by softer shale, often highly colored, have resulted
in tapographic and geological formations found in no
cther locality.

Slow but constant elevation of the land arca has al-
lowed the Colorado River and its tributaries to cut nar-
row deep canyons into the flat-topped mesas. This
unique type of erosion reaches its culmination in the
famons Grand Canyon. Here a broad area has been
arched several thousand feet higher than the surrounding
country, but the horizontal structure of the rock largely
has_bccn maintained. The river hus cut through all the
sedimentary rocks down to the oldest Archean granites,

The topography of the southern part of the basin is
characterized by broad flat valleys separated by low
ranges. The valleys are filled by large accumulations of
alluvial gravels'which all but bury the mountains. The
ranges are mainly of igneous origin with granites and lava
predominating.  These rocks are part of the oldest known
formation, the vounger sedimentary rocks having been
removed by erosion,  Many mountain ranges are un-
doubtedly buried beneath the detrital material,

The present Gulf of California once extended much
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farther north than at present and filled what is now the
Imperial Valley of California. The silt of the river was
distributed far and wide in this sea which was partially
cut off from the broad Pacific by a chain of islands, Dur-
ing and after the Glacial Period, when precipitation is
believed to have reached its peak, the river had its great-
est volume and transporting power. The stream then, as
now, laden with the silts from the stopes of the Rocky
Mountains and the Grand Canvon of Arizona, gradually
built up a great delta which finally completely cut off a
vast inland sea of brackish water., This ancient sea,
known by geologists as Lake Cahuilla, covered an area of
about 2,100 square miles.

After shifting channels countless times, sometimes dis-
charging into the gulf and sometimes into the lake, the
river finally became better stabilized in channels empty-
ing into the gulf.  With the loss of a water supply Lake
Cahuilla gradually decreased by evaporation to remain
as the present Salton Sea.

‘Native Plant and Animal Life

The flora and fauna of the Colorado River Basin are
many and varied, including typical desert and alpine
species.

The higher areas are covered with forests of pine, fir,
spruce, -and silver-stemmed aspens, broken by small
glades and mountain meadows. Pinon” and juniper
trees, interspersed with scrub oak, mountain mahogany,
rabbit brush, bunch grasses and similar plants grow in
the intermediate elevations of the mesa and plateau re-
gions. Scattered cottonwoods and chokecherries grow in
the canyons with the cliff rose, the redbud, and blue
columbine. A profusi-n of wild flowers carpet many
mountain “parks,” In the lower region large areas are
almost completely devoid of plant life while other sections
are sprinkled with desert shrubs, Joshua trees, other Yucca
plants, and saguaro cacti, some of the latter giant plants
reaching 40 fect in height. Occasionally cottonwoods or
desert willows are found along desert streams with mes-
quite and creosote bush or catclaw and paloverde.

The Colorado River Basin is the natural habitat of
the bighorn sheep, ptarmigan, and wild turkey. Deer,
clk, and antelope are found in the forested and more
primitive areas. Mountain lious, wild cats, }ynx, and
other predatory animals are fairly common i remate
areas. Covotes inhabit the plains country where they
prey upon.gophCrS, cottontails, jackrabbits, and other
smaller mamimals. Fur-bearing animals in the moun-
t;ins include beaver, fox, badger, ermine, muskrat, skunk,
and mink. Ducks, geese, snipe, white-wing pigeons,
quail, dove, and other birds are numerous.  Snakes and
lizards with other reptiles and amphibians are frequently
found in the desert areas.
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DESERT FLORA
' Vast areas are sprinkled with Joshua trees, Yucca plants, and desert shrubs
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DESERT SCENE
A view of Superstition Mountains with typical sage brush and cactus lands in the foreground
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THE NATURAL SETTING

The cold, clear mountain streams abound in trout, the
most common varieties being rainbow, eastern brook,
native, and Loch Leven. Bass, crappic, and bluegill
prefer the lakes and reservoirs to the moving waters of
the streams.

Climate

Climatologically, the Colorado River Basin has the
extremes of year-round snow cover and heavy precipita-
tion on the high peaks of the Rockies, snow-capped 8 to
10 months a ycar, and truly desert conditions with very
little rain in the southern area around Yuma, Ariz. The
wide range of climate in the basin is caused largely by
diffcrences in both altitude and latitude and to a lesser
extent by topographic features.

Extremes of temperatures in the basin range from 50°
below zero to 130° above zero.  The northern portion
of the basin is characterized by short, warm summers and
long, cold winters, many mountain areas being blanketed
by deep snow all winter. A peculiar climatic condition
exists in the Grand division in Colorado where high
mountains tend to divert east-bound storms either to the
north or to the south over lower passes in the Continental
Divide. The southern portion of the basin has long hot
summers, practically continuous sunshine and almost
complete absence of freezing temperatures, Summer heat
is not so oppressive as temperatures would indicate be-
cause of the low humidity. Summer nights, typical of
the desert, are seldom too warm for comfort.  The little
Colorado River Basin is noted for its high percentage of
sunshine—about 80 percent of the total possible.

109515464
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The entire hasin is arid except in the extreme high alti-
tudes of the headwater areas. Rainfall is insufficient for
the profitable production of crops without irrigation.
(See map “Average annual precipitation,”)} Along the
Mexican border the annual precipitation averages only
about 2.5 inches while in the higher mountains in Col-
orado, Wyoming, and Utah, the average is around 40
inched. In the northern part of the basin most precipi-
tation falls in the form of winter snows and spring rains.
Summer storms are infrequent but sometimes of cloud-
burst intensity in localized areas. Winds of high velocity
are common in some sections.  In the more arid southern
portion the principal rainy season is in the winter months
with occasional localized cloudbursts in the summer
and fall. .

Climatological data for representative stations in the
basin are summarized in table I.

The length of the growing season varies from about
80 days in the higher elevations of the northern moun-
tainous sections to year-round in the lower semitropical
southern areas. In the northern sections hailstorms and
late spring and early fall frosts occasionally damage crops.
Although the growing season of the higher agricultural
areas in the Grand division is short, air drainage in Jocal-
ized sections along the foothills of the lower valicys is
favorable for the growing of such fruits as peaches, pears,
cherries, apricots, and berries.  Because of the iong grow-
ing season in the lower regions of the southern portion of
the basin double-cropping is commonly practicd in the
principal farming districts. Crops in some southern
areas are seldom damaged by frost, by hail and by warm,
dry summer winds.
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TasLe L.—Weather resords at representative
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stations, Colorado River Buasin?

Precipligtion ‘Tempersiure
. Elavation . Average Averay
vish d stati hov \'ears of . Ave e rage
oPivision od siation i record Averaga N}':;?z?-p« Meanannual | Maximom | Minimum pogg?l‘ (‘:Luey‘s) senun (ays)
(inches) fem ber (degrees) (degries) (degrees)
(inches)
Green
Kendall, Wyo ceverneneonnn 7, 600 20 17. 2 6. 94 33.3 103 —52 53 01
Green, R., Wyo_ . ..oume .. 6, 083 39 7.7 3. 54 43.5 103 —40 104 155
Vernal, Utah. ... ...... 5, 266 43 8 93 3.82 45 106 -38 118 179
Mceker, Colon v vnnemanan. 6, 500 42 15. ¢ 7.23 43.1 103 ~43 117 143
Green R, Utaho ... .. R 4, 087 43 6.1 3. 03 52.5 112 —42 156 203
Grand
Gunuison, Colo..e...o..... 7, 683 48 10.1 5 20 37 105 —47 95 114
Collbran, Colo. ... . 6, 200 46 15. 7 6. 74 46 100 l - 30 160 178
Norwood, Colo._........... 7,017 13 166 1. _._. 46 99 | —29 19
Grand Junetion, Colo. _...... 4, 587 51 87 3. 91 52 105 —-21 190 185
Moab, Utah_ ... ........ 4,000 54 9.4 3.83 54.7 113 —~24 172 228
San Juan
Pagosa Spgs., Colo__. ... 8, 150 16 26,1 9. 63 41. 2 48 --39 84 115
Tguacio, Colon .o ivnnn. ... 6, 425 30 16. 1 R 49 45. 7 101 — 38 110 155
Northdale, Colo_..._._..___. 6, 482 14 148 ... ... 44. 8 103 —42 3 1 3
Shiprock, N, Mex......._.. 4, 950 16 81 572 52. 5 109 —18 157 202
Escalante, Utah .. ......... 5, 258 | 35 12.2 5 46 45. 7 102 —22 136 183
Little Colorado 1
Winslow, Arizoeoweeooeoo ... 4,850 3| 18100 7.38 54.9 107 -19 172 216
Holbrook, Ariz. 5, 069 52 9.13 | 4. 88 54. 6 106 -21 169 209
B, Johns, Arize. vaeevnon... 5, 650 36 11. 60 | 6. 67 52. 3 104 ~22 159 194
Tuba City, Ariz.o.vo . 4, 593 40 6. 73 2.98 55. 1 110 —-15 181 232
Flagstatf, Ariz. e oo 6, 922 51 21,12 8. 89 45. 7 102 —~30 123 159
Gallup, N. Mex........ .- 6, 783 19 1L94 .. .. 48. 5 98 -20 158 | s
Yirgin
8t, George, Utah. ... .. 2, 880 54 8. 66 3. 27 59.7 116 -11 194 243
Bpringdale, Utahewooouuo ... 4, 048 36 14. 91 5. 14 60. 0 112 —15 199 279
hanab, Utabo oo L. 4,925 38 13. 03 4. 36 52.6 106 20 153 207
Alton, Utah. oo .o _. 7,000 29 16. 31 6. 62 44. 8 94 - 20 llé 1'{0
Logandale, Nev__._.. ... 1, 400 36 5 21 1. 59 63. 4 120 6 235 350
Caliente, Nevooooovwueon... 4, 407 21 7.16 0. 96 53.0 110 ~31 160 180
Boulder
Yuma, Atidee oo, 138 74 3.37 1.13 72.2 120 22 331 365
Kingwan, Arize. . .oooooo ... 3,435 40 1114 3. 83 61. 5 17 6 213 320
Graud Canyon, Arz_..._... 6, 930 37 16.71 7.58 48.3 103 —-22 141 181
Laa Vegas, Nevoo.. ... I 2,033 37 4.75 1.81 23.2 118 8 229 305
Needloa, Colif ... ... ... 480 50 472 1. 61 7 125 18 30? 3(39
Brawlev, Calif ... ..., ~119 33 2 62 0. 42 72 121 19 322 365
Gila
Phoeniy, Arizoceneiaen. ... 1, 107 17 7.76 2 R4 70. 2 118 16 301 36:5
}‘rlcscott', Arize.oovanniinnn. 5: 022 73 18. 76 8 22 52.9 110 -~21 ,‘,“ gg.’
Tieron, A¥ideene cue. cn.ouen 2,423 74 1. 51 6. 30 67. 2 118 0 ;-EO 36%
Gils Tend, Aris. ... ... ... 737 49 5. 98 2. 30 72 2 123 1 3:»«8 5
Globe, Ariz........... . 3,510 42 16. 60 7.32 €2, 6 119 10 ;31 gl;g
Wickenburg, Ariz. ... ... 2,072 42 10, 89 415 64. 0 115 1n 231 7

1 Data from recerds of 17, R, Weather Burrun.
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“Man’s claiming of the Colorado River Basin has
provided a colorful chapter in American history—and
one which is not closed. . .. It taxed the courage and
resourcefulness of the people themselves. . . .

“This chapter deals with the people—who they are,
why they came, where they settled, what towns and cities
they established. . . . 4 study of the human resources
is fundamental to an understanding of the problems,
thé needs, and the opportunities for future development
of this great basin.”



CHAPTER 11

Claiming the | Basin

Man’s claiming of the Colorado River Basin has pro-
vided a colorful chapter in American history—and one
which is not closed. Whether people came as mission-
aries to the Indians, seekers of gold, trappers and traders,
explorers, immigrants crossing to more attractive areas,
or as pioneers and settlers, the basin presented a chal-
lenge. It taxed the courage and resourcefulness of the
people themselves. Those who survived to claim the
basin as their home are vigorous Americans, who earned
their “stake” in the land and its future. To them and to
their children and to others who will elect to make this
land their home, the challenge remains. What further
use will be made of the basin, rich in resources of land,
water, minerals, power, and recreational opportunities,
is for them to determine.  They are the empire builders.

Accumulating evidence shows the basin to have been
widely populated thousands of years ago and here and
there to have been intensely cultivated under irrigation
systems,  Spaniards came as early as the sixteenth cen-
tury seeking gold or bringing the gospel to the Indians,
but most of them failed to establish a lasting civilization.

The immigrant waves which started rolling to the Pacific

in the gold rush of 1849 hurried through the bleak plains
of Wyoming to the north and avoided the hostile Indians
and scorching deserts of the south. Permanent occupa-
tion of the basin by American settlers dates from the mid-
dle of the last century, Although settlement and devel-
opment of the basin have slowly and steadily progressed,
today it is still one of the most sparsely settled regions of
the United States. It has a total population still below
a million people, an average density of fewer than four
persons to a square mile, and only twao cities of more than
20,000 people. i

This chapter deals with the people—who they are, why
they came, where they setiled, what towns and cities they
established, and other related factors. A study of the
human resources is fundamental to an understanding of
the problems, the needs, and the opportunities for future
development of this great basin.

Primitive Peoples

Archeological evidence indicates that the southern part
of the Colorado River Basin was inhabited by ancient

peoples—cave, cliff, and mud-house dwellers—eight to
ten thousand years ago. Indian legends relate that these
people were forced to leave the region because of volcanic
eruptions in the vicinity of the San Francisco Peaks near
Flagstaff, Aniz.

Ruins of dwellings and storehouses, and the remains

- of pottery, arrowheads, and other artifacts scaitered

throughout the Colorado River Basin bear mute evidence
of the existence of scattered Indian tribes, many of whom
had disappeared befere the coming of the white man.
Some of these, like the present-day Hopi, developed a
simple agriculture and lived in permanent compact vil-
lages adjoining their cultivated fields. Some, like the
Pima-speaking tribes of southern Arizona, harvested secds
and fruits, irrigated their lands and had small village set-
tlements. Others, like the Utes and Paiutes of the pla-
teaus to the north, lived an open, roving life, depending
for a livelihood on hunting animals and collecting herbs.
They built crude shelters of bark or skins, and seldom
resided permanently in large settlements. Dwellings in
the valleys were mostly of adobe but other pueblos near
and on the dliffls were made of stone. Virtually four-
storied apartment houses containing hundreds of rooms
have been found.

The present Navajos and Apaches entered the basin
as roving bands about 600 years ago and established a
civilization which has persisted to the present day. The
Pimas, Maricopas; and Papagos of the lower Gila Valley
are among the most advanced Indian tribes found in the
United States. The Chemehuevi (“Digger Indians”) of
west-central Arizona are among the least progressive.
(See chapter VIII, Office of Indian Affairs.)

Farming by irrigation as now practiced in the Gila and
Salt River Valleys may be a modern revival of an ancient
agricultural development. Present canals are found to
follow closely the route of an ancient canal system and
the valleys contain numerous ruins of the villages and
storchouses used by a people whose history is stll in
doubt. Extensive remains of the old agricultural de-
velopment are found throughout almost the entire Gila
River Valley. The ancient canals probably were capa-
ble of serving as much as 250,000 acres in all, though the
area actually under cultivation at any one time may have
been comparatively small. Primitive construction tools
restricted the size of irrigation works. Al irrigation was
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done by direct diversion.  As the low-lying irrigated lands
became waterlogged, the community moved to another
location and developed new land.  The numerous ruins
are believed to be the evidence of those successive migra-
tions. The cause of the final exodus of the original tribes
from the region is not known, but is believed to have
been severe drought. The present modern irrigation
works are simply making more efficient use of the same
streams which at one time made possible the agriculture
which supported a primitive people.

Explorations

The deep canyons, obstructing cliffs, and desert wastes
long hindered travelers in penctrating the Colorado River
Dasin, The Spanish conquistadors, exploring north
{rom Mexico, were the first white men to enter the basin.
In 1539 the Spanish explorer Francisco de Ulloa sailed
to the head of the Gulf of California and because of the
turbid water inferred that a stream entered the gulf in
that vicinity. He did not sce a river, but drew a rough
map showing its supposed location,

The Colorado River actually was discovered in 1540
by Hernando de Alarcon, who explored the stream from
its mouth to a point near the present site of Ehrenberg,
Arizona, about 100 miles above the mouth of the Gila

:River, Two years later Lopez de Cardenas discovered
the Grand Canyon but was unable to descend its sheer
walls. To traverse the country and to obtain food and
supplies seemed so hopeless to early explorers and mis-
sionary priests that 2 centuries elapsed before a crossing
was made in the canyon section.

In the sixteenth century, Spanish explorers forded the
Litde Colorado River near the present site of Holbrook,
Ariz. They named the river “Rio Alameda” or *“River
of the Groves,” which would indicate that the stream flow
characteristics at that time must have been materially
differcnt from the erratic flow of the present.

Father Escalante’s expedition crossed the Virgin River
in 1776 ncar St. George, Utah, after an unsuccessful
scarch for an overland route from Santa Fe, N. Mex,, to
Mounterey, Calif.

As time passed, stories of these carly Spanish explorers
combined with Indian legends grew into fabulous tales
of this unknown land. It was said that the Colorado
had great falls and whislpouls and that it ran under-
ground for hundreds of miles.  So formidable were the
actual conditions that<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>